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Abstract

Hypertension has emerged as one of the leading risk factors responsible for global
burden and mortality. Among the hypertensive patients, there is a segment of patients
who are suffering from resistant hypertension, whose blood pressure cannot be
controlled despite concurrently taking three or more classes of antihypertensive drugs.
The adverse effects associated with the common classes of antihypertensive agents
used have limited the combinations available to be used in treating resistant
hypertension. Natural products play a vital role in drug discovery and development as
they represent promising sources of useful lead molecules, in which they might be
able to address the resistant hypertension issue. Our group has recently isolated from a
previously uninvestigated Ficus species (F. schwarzii) a series of nine new
phenethylamine alkaloids, namely, schwarzinicines A-G (142-148) and
schwarzificusines A (149) and B (150). Schwarzinicine A (142), being the most
abundant alkaloid of this series, was found to exhibit pronounced vasorelaxant effects
in rat isolated aorta. In this study, we have successfully developed the total syntheses
of schwarzinicines A (142), B (143) and F (147). In order to explore the active
pharmacophore of schwarzinicine A (142) as a lead compound for vasorelaxation,
several series of analogues were designed, synthesized and evaluated for their
vasorelaxant activity for structure-activity relationship (SAR) analysis. In addition to
the discovery of 13 synthetic analogues that were shown to be promising for further
development, the SAR study revealed a few structural features that are associated
with enhancement of vasorelaxant effects. These structural features could be useful to

design better vasorelaxant agents in the future.
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Introduction

1.1 Hypertension

Hypertension, also known as high blood pressure, is a medical condition in which the
systolic blood pressure (SBP) and diastolic blood pressure (DBP) in the arteries are
persistently elevated with SBP/DBP being at or above 140/90 mm Hg." In 2000, about
26% of the adult population in the world had hypertension and this number is
projected to increase to about 29% by 2025.% According to the Global Burden of
Disease study, which is the largest and most comprehensive analysis of global health
and disease, hypertension has emerged as one of the leading risk factors responsible
for disease burden and mortality worldwide.® It is associated with a number of

modern-day diseases such as stroke, renal failure and cardiovascular diseases.*

The causes of hypertension may be due to some of the lifestyle risk factors
including obesity, high alcohol and salt intake.* Hypertension can be managed
through nonpharmacological and/or pharmacological approaches. In the first case,
lifestyle interventions such as weight loss (for patients who are obese), heart-healthy
diet, increase physical exercise, reduce sodium and alcohol intake are recommended
by experts to manage hypertension.® For the second case when lifestyle interventions
are insufficient, antihypertensive drugs are used to significantly reduce the risk of

contracting cardiovascular diseases, stroke and heart failure via reduction of high

1



blood pressure.®’ There are currently several classes of antihypertensive drugs in the
market, namely, angiotensin-converting enzyme (ACE) inhibitors, angiotensin-
receptor blockers (ARBs), B-blockers, calcium channel blockers (CCBs) and thiazide-
type diuretics.™® Each of these classes is briefly described in terms of their mechanism
of actions, main uses, sub-classifications and complications/adverse effects in the

following section.

1.1.1 Antihypertensive agents
1.1.11 Angiotensin-converting enzyme (ACE) inhibitors

ACE inhibitors are primarily used to treat hypertension and also myocardial infarction,
heart failure, renal failure and diabetic nephropathy.’ This class of pharmacological
agents works by blocking the conversion of angiotensin | to angiotensin Il, an
important component in the renin-angiotensin-aldosterone system responsible for the

regulation of arterial blood pressure. !

ACE inhibitors can be divided into three classes as shown in Table 1.1 based

on their structural differences.’ The first ACE inhibitor, captopril*?

(1) was developed
based on the known inhibitors of carboxypeptidase A, a zinc-containing
metalloprotease and possessing a sulfhydryl group that acts as a ligand for the zinc
moiety at the active site of ACE."® ACE inhibitors with a dicarboxyl group such as
enalapril® (2), lisinopril® (3) and benazepril** (4) were later developed since
captopril (1) was associated with unpleasant side effects such as skin rashes and loss
of taste due to its sulfhydryl group.™ The potency of these compounds is associated
with the presence of the carboxyl group which has better binding to ACE and tissue
penetration.’® The —SH group of the sulfhydryl inhibitors, the —-COOH group of the
dicarboxylate compounds and the phosphonic acid group of the phosphorus-

17
|

containing agents (fosinopril™® (5)) are the key functional groups (Table 1.1) that

2



interact with the zinc ion of ACE to exhibit their inhibitory effects.’® ACE inhibitors
are associated with common side effects such as coughing, hypotension, hyperkalemia

and angioedema.®

Table 1.1. Classes of ACE inhibitors with key functional groups for binding
interaction highlighted in red

Class ACE inhibitor
Sulfhydryl-containing
agents HSJ\WN
O Ho ©
1 Captopril

Dicarboxyl-containing

H,N
agents (E 2
N : N
Y\H o) e) o) N
o HO S N 3
( OH HO

2 Enalapril 3 Lisinopril

@)

YW
IEEY

4 Benazepril

Phosphorus-containing
agents

Q N
0P
o
/\X( j\ Nao
O

5 Fosinopril




1.1.1.2 Angiotensin-receptor blockers (ARBS)

Similar to ACE inhibitors, ARBs are used primarily for the treatment of hypertension.
ARBs work by blocking the action of angiotensin Il at the angiotensin Il type |
receptor (ATi-R), which mediates most of the known actions that cause
hypertension.**® Development of ARBs began with the synthesis of losartan® (6,
Figure 1.1), the first orally active, selective, potent, non-peptide and imidazole-type
ARB.'" Other ARBs that are synthesized (Figure 1.1) based on losartan (6) or its
metabolites (as molecular templates) include valsartan®® (7), irbesartan®* (8) and
telmisartan®® (9).% Valsartan (7) that has an acylated amino acid instead of the
imidazole in losartan (6), is as effective and well-tolerated in hypertensive patients as
losartan (6).** Irbesartan (8) and telmisartan (9) may be more effective than both
losartan (6) and valsartan (7) in providing better 24-hour control of blood pressure

due to their longer-acting durations.?

6 Losartan 7 Valsartan

8 Irbesartan 9 Telmisartan

Figure 1.1. Chemical structures of selected ARBs



ARBs are mainly used in treatments where patients are intolerant to ACE
inhibitor therapy.”® For example, telmisartan (9) modestly decreased the risk of
cardiovascular death, myocardial infarction or stroke in high-risk patients intolerant to
ACE inhibitors, as telmisartan (9) is well tolerated in these patients.?® The adverse
effect of coughing due to the use of ACE inhibitors can be overcome with the use of
ARBs instead, e.g., valsartan (7) showed comparable therapeutic efficacy as lisinopril
(3) but induces significantly less cough in hypertensive patients.?’On the other hand,
ARBs shares some of the same adverse effects as ACE inhibitors, i.e., headache and

dizziness.?®

1.1.1.3 p-Blockers

B-Blockers are used in heart failure therapy particularly for long term secondary
prevention after myocardial infarction.”® Activation of the Bi-adrenergic receptors
increases heart rate, therefore B-blockers work by binding preferentially and
reversibly to p;-adrenergic (as oppose to [p-adrenergic) receptors, acting as
competitive antagonists to endogenous catecholamines, noradrenaline and adrenaline,
which can overstimulate the activity of the receptors.®® On the other hand, the Bo-
adrenergic receptors which are predominatly found in vascular and bronchial smooth
muscle are responsible for smooth muscle relaxation in gastrointestinal tract and

bronchi upon activation.*!

B-Blockers that are available for clinical use can be grouped into three
generations®? and they are shown in Table 1.2.** Propranolol (10) represents the first
clinically used B-blocker with its introduction in 1968 as an antianginal agent.** The
first generation B-blockers are non-selective agents with equal affinities towards [;-

and P,-adrenergic receptors.*” The second-generation B-blockers, on the other hand,



are selective towards pi-adrenergic receptors.® Selected examples of second-
generation [3-blockers include metoprolol (11) and bisoprolol (12), which were shown
to reduce mortality in patients with chronic heart failure.**** Third generation p-
blockers may be selective or non-selective towards [-adrenergic receptors with

favourable ancillary properties such as vasodilation which are desirable to treat

hypertension.*

Table 1.2. Classification of B-blockers and selected examples

Generation B-Blocker

First J\
O/\_./\N

OH

10 Propranolol

Second J\ J\
O N O/\/\H
on OH
MeO Ou"~0
11 Metoprolol 12 Bisoprolol
Third

O/\/\N/\/OD
Z . H
) O o meo

N

H
13 Carvedilol

For example, carvedilol (13) is a B antagonist (prevents reflex tachycardia)
with vasodilating properties (due to as-adrenergic receptor blockade).*® As a result,
the cardiac performance in patients with heart failure improved significantly when
treated with carvedilol (13) compared to metoprolol (11) and the difference may be

attributed to the greater antiadrenergic activity of carvedilol (13).*” Some of the
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adverse effects of B-blockers are bronchospasm, heart failure, bradycardia, Raynaud’s

syndrome and fatigue.*

1.1.1.4 Thiazide-type diuretics

Thiazide and thiazide-type diuretics are recommended as the first-line drug treatment
for patients with uncomplicated hypertension.! They exert their diuretic action via
inhibition of the Na*/CI" co-transporter in the renal distal convoluted tubule.**** An
increase in fluid loss to urine due to decreased Na* reabsorption leads to a reduction
in extracellular fluid and plasma volume.* The volume loss is accompanied by
reduced total peripheral resistance, increased renin stimulation and decreased blood

pressure.*344

Chlorothiazide™ (14, Table 1.3) was the first thiazide diuretic used for the
treatment of hypertension more than half a century ago® and since then related
thiazide and thiazide-like diuretics (as shown in Table 1.3) are used for management
of hypertension.*® Although both thiazide and thiazide-like diuretics are structurally
similar, they possess rather different pharmacokinetics.*” For instance,
hydrochlorothiazide (15) has a half-life of 3.2-13.1 hours and its half-life is
considered to be very short compared to chlorthalidone®® (16), representing a thiazide-
like diuretic, which has an extremely long half-life of 40-60 hours.*’ Thus,
chlorthalidone (16) is more effective in lowering systolic blood pressure than
hydrochlorothiazide (15), particularly related to overnight blood pressure reduction

due to its longer elimination half-life.*



Table 1.3. Examples of thiazide and thiazide-like diuretics

Type Compound
Thiazides ol Ng o H
% O
_NH NH
HoNO,S S H,NO,S s~
02 02
14 Chlorothiazide 15 Hydrochlorothiazide
Thiazide-like diuretics Cl
|O OH O
H,NO,S
HN
o}

16 Chlorthalidone

Some adverse effects of thiazide and thiazide-like diuretics include electrolyte
defects, metabolic abnormalities, hyponatremia and hyperuricemia.® Other adverse
effects associated with diuretics including hypokalemia, hypomagnesemia and
glucose intolerance may be countered with the combined administration of an ACE

inhibitor or an ARB.>°

1.1.15 Calcium channel blockers (CCBs)

The fundamental role of CCBs is to inhibit L-type calcium channels in the vascular
smooth muscle and the heart.”* The L-type calcium channels are part of the voltage-
gated calcium channel family that is responsible for the excitation-contraction
coupling process of skeletal, smooth and cardiac muscles and are involved in
aldosterone production in adrenocortical tissues.”*>* Excessive plasma aldosterone
levels will cause arterial hypertension, cardiac failure and its related disease

processes.>*>?

CCBs are divided into three classes as shown in Table 1.4 with distinctive

structures and pharmacological properties.®® Nifedipine®® (17) is a long-acting



vasodilator in managing angina with the absence of myocardial depressant effects and

657 \ferapamil®> (18) is used to treat re-entrant

antiarrhythmic properties.
supraventricular arrhythmias, while only moderately effective as an antianginal

agent.”®*’ Diltiazem® (19) is efficacious in treating angiospastic angina.>®

Table 1.4. Classification of selected CCBs

Class Compound

Dihydropyridines

17 Nifedipine

Phenylalkylamines OMe
MeO N=
e j@\/\ 5/©[OMe
MeO T

18 Verapamil

Benzothiazepines

<f
)

N
AN
19 Diltiazem

The side effects of nifedipine (17) include headache, flush, dizziness, fatigue,
hypotension, tachycardia and ankle edema.”® The side effects of verapamil (18) are
less serious compared to those of nifedipine (17), which include headache, flush,

constipation and impairment of atrioventricular conduction.® The side effects of



diltiazem (19) are somewhat intermediate between those of nifedipine (17) and

verapamil (18), namely impairment of atrioventricular conduction.®**’

1.1.2 Resistant hypertension

Although antihypertensive medications are widely available to treat high blood
pressure, there is a segment of patients who are suffering from resistant hypertension,
whose blood pressure remains above goal (140/90 mm Hg) despite concurrent use of
three or more antihypertensive drugs from different classes.®® In addition to lifestyle
factors, the underlying secondary causes of resistant hypertension include
hyperaldosteronism, chronic kidney disease, renal artery stenosis and obstructive
sleep apnoea.”® These patients are exposed to a higher risk of cardiovascular

complications and mortality.*

The current pharmacological treatment for resistant hypertension is the 3-drug
regimen, which consists of an ACE inhibitor/ARB, a long-acting CCB and a long-
acting thiazide-like diuretic.®* This is coupled with a mineralocorticoid receptor
agonist used as a fourth agent.®* Despite the substantial increase in scientific studies in
resistant hypertension, there is no single drug that has been approved specifically for
the treatment of hypertension.® Moreover, the uses of drug combinations in the
treatment of hypertension are often limited by adverse effects associated with the
particular class of antihypertensive drug as mentioned in Section 1.1.1.%% The current
situation, therefore, reveals a significant gap in the antihypertensive arsenal, which
requires an urgent expansion to include new agents that act via novel mechanism of

action to address the resistant hypertension issue.
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1.2 Natural products in drug development

Natural products play an important role in drug discovery as they often serve as useful
leads in the development of pharmaceutical drug molecules and in some instances
have been directly used as drug candidates in various therapeutic areas. About one-
third of all Food and Drug Administration (FDA)-approved drug molecules are
natural products or their derivatives.®* In 2018, out of the 59 new FDA-approved
drugs, 10 were inspired by natural products.® In the area of oncology, close to half of
the 175 drug molecules approved for clinical use from 1940 to 2014, are either natural

products or molecules derived from natural products.®®

Natural products that have the desired pharmacological or biological activity
have often attracted medicinal/synthetic chemists to produce and study them in the
laboratory. In general, natural products possess rich structural diversity and
complexity that are unsurpassed by any synthetic and combinatorial compound
libraries.®” With therapeutic applications in mind, medicinal chemists use natural
products as lead compounds and have come up with biologically active mimics in the
drug development process. The important chemical functional groups or elements of
structural complementarity in natural product molecules to their biological targets are
retained in these mimics.?® In other words, natural products serve as templates in
designing and synthesizing simpler analogues, which exhibit comparable or better

activities than the parent natural products.

Selected recent examples of natural products (Figure 1.2) that have been

successfully developed into useful therapeutic agents (approved for use in the clinic)

include ingenol mebutate®® (20) for the treatment of actinic keratosis,®®"

homoharringtonine (21) for the treatment of chronic myeloid leukemia, "2

11



cannabidiol (22) for the treatment of epilepsy,” fidaxomicin (23) for the treatment of
Clostridium difficile infection™ and trabectedin (24) for the treatment of advanced

soft tissue sarcoma.”®

HO

OMe
20 Ingenol mebutate 21 Homoharringtonine

Cl
OH

HO Cl

23 Fidaxomicin 24 Trabectedin

Figure 1.2. Selected examples of drugs available in the market that are originally

natural products

An assessment of the source of natural product drugs revealed that plants
(25%) are the best producers followed by bacteria (16%) and fungi (12%).** For
instance, ingenol mebutate (20), homoharringtonine (21) and cannabidiol (22) were
obtained from plants (i.e., Euphorbia peplus, Cephalotaxus fortunei and Cannabis

sativa, reSpectiver),69'71'72'76

while fidaxomicin (23) and trabectedin (24) were
obtained from a microbial source (i.e., Dactylosporangium aurantiacum)’® and a

marine source (i.e., Ecteinascidia turbinata)’’, respectively.

Selected examples of drug molecules (Figure 1.3) that were derived from
natural products and recently approved for use in clinic include eravacycline (25) for
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the treatment of complicated intra-abdominal infections, sarecycline (26) for the
treatment of severe acne vulgaris, and omadacycline (27) for the treatment of
community-acquired bacterial pneumonia (CABP) and acute bacterial skin and skin
structure infections (ABSSSI).”*"® These tetracycline antibiotics were developed
based on naturally occurring tetracyclines (Figure 1.3), notably chlortetracycline (28)
and oxytetracycline (29), which were isolated from the bacteria Streptomyces

aureofaciens and Streptomyces rimosus, respectively.’

OH O OH O OH O oH O
Y O“‘ O“‘ N
OH )
/ ~ / ~

25 Eravacycline 26 Omadacycline

28 Chlortetracycline 29 Oxytetracycline

Figure 1.3. Synthetic tetracycline antibiotics (25-27) derived from naturally

occurring tetracyclines (28 and 29)

Additionally, the development of topotecan (30, Figure 1.4), used for the
treatment of small cell lung carcinoma (SCLC), and fingolimod (31, Figure 1.4),
approved for the treatment of multiple sclerosis, are also inspired by natural
products.®*®? Topotecan (30) was derived based on camptothecin (32, Figure 1.4), an

alkaloid isolated from the Chinese tree Camptotheca acuminata,® while fingolimod

13



(31) was designed and synthesized based on myriocin (33, Figure 1.4), a fungal

metabolite isolated from Isaria sinclairii.®?

OH
NH,
OH
31 Fingolimod
O OH
HO™ > =
NH, OH 0]
OH
33 Myriocin

32 Camptothecin

Figure 1.4. Examples of synthetic drugs derived from natural products (30 and 31

derived from 32 and 33, respectively)
1.2.1 Plant-based antihypertensive agents

Medicinal plants have been used extensively for the treatment of diseases such as
control of blood pressure since the dawn of human civilization. About 80% of the
world’s population depend on plant-based medicines for their primary healthcare.®® In
fact, phytotherapy is considered to be preferred over the use of conventional
medicines (ACE inhibitors, ARBs, diuretics and CCBs) by rural dwellers in

controlling hypertension due to the cost of current medication and adverse effects.®*

The antihypertensive effects of some of the medicinal plants, including herbs,
spices and basic cooking ingredients, have been investigated and validated.®
Common herbs and spices that have antihypertensive potential include garlic (Allium

sativum), lemongrass (Cymbopogon citratus), roselle (Hibiscus sabdariffa), Chinese
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sage (Salviae miltiorrhizae) and ginger (Zingiber officinale).®® It is not uncommon
that hypertensive patients use these or other herbal remedies to help manage their
blood pressure in addition to taking prescribed antihypertensive medication.
Unfortunately, the risk of adverse interactions due to the concomitant use of these
medicinal plants with conventional antihypertensive medicines is not entirely

known.®’

The common methods of investigating antihypertensive properties of
medicinal plants include testing of the plant extracts or isolating and testing the pure
compounds derived from the extracts. Most of the plants mentioned in the above
paragraph were tested in vivo using their extracts from the different plant parts.
Additionally, various pure secondary metabolites isolated from plants such as
alkaloids (e.g., from Uncaria rhynchophylla® and Stephania tetrandrae®), flavonoids
(e.g., from Hibiscus sabdariffa® and Sedum sarmentosum®), tannins (e.g., from
Chinese herbs®® and Lumnitzera racemosa®®) and terpenoids (e.g., from Andrographis
paniculata® and Salvia cinnabarina®™) were also found to exhibit antihypertensive

effects in vivo.

MeO

34 Reserpine

Figure 1.5. Reserpine as a drug to treat hypertension

One of the most well-known plant secondary metabolite that is used to treat
hypertension is reserpine®? (34, Figure 1.5), an alkaloid isolated from Indian snakeroot
(Rauwolfia serpentina), which is a plant traditionally used in India to treat insanity,

fever and snakebites.?® Reserpine (34) was first approved by the FDA as a first-line
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drug for the treatment of hypertension in the late 1950s.%® However, it is now less
commonly used as a second-line treatment due to the development of newer

antihypertensive agents with superior side effect profiles.®’

1.3 Structure-activity relationship (SAR) studies and

strategies in drug design

One of the main aims of undertaking SAR studies of a biologically active molecule is
to determine its pharmacophore, which broadly refers to the key chemical/functional
groups and their disposition in 3-D space within the molecule, that are responsible for
the observed biological activity.™ Ideally, SAR studies will also reveal the parts of the
structure that are dispensable, which potentially enable simpler, cost- and time-
effective analogues to be designed and synthesized.*? Simplistically, SAR can be done
by synthesizing a number of analogues where only one particular part of the lead
molecule is altered each time.*? This is followed by the evaluation of biological
activities of the analogues synthesized and the results obtained are compared to those
of the lead compound. For example, a diminished activity for an analogue compared
to the lead molecule may suggest that a particular chemical group in the lead molecule
prior to alteration is essential/important for activity.*? On the other hand, a particular
chemical group may be regarded as nonessential if the activity of the analogue is

comparable to that of the lead compound.*?

Pharmacophoric determination based on SAR studies essentially serves as a
crucial guide in designing analogues with improved therapeutic properties (e.g.,
greater potency and efficacy, lower toxicity and side effects) compared to the lead
compound.®® There are a number of strategies that are commonly used in drug design,

which include simplification, ring variations, chain extension/contraction, structural
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extension, rigidification, bioisosterism and substituent variation.** Each of these
strategies will be explained and illustrated with relevant examples in the following

sections.

1.3.1 Simplification

The simplification strategy broadly aims to address the question of whether the entire
skeleton of the lead molecule is necessary for activity and if not how can it be
simplified to make analogue synthesis more accessible and cost-efficient.*? Therefore,
this strategy involves removal of groups that are not part of the pharmacophore, which
may include removal of non-essential functional groups, replacing cyclic structures
with acyclic ones or removal of chiral centres from a complex lead compound.*? As
such, simpler analogues can be synthesized while retaining a good level of activity as
the lead molecule. Furthermore, it was found that structurally less complex drug
molecules have a higher chance of achieving market success.*® Hence, this strategy is
often applied to complex natural product leads. Selected examples of clinical drugs
derived based on the simplification of complex natural products include bicyclol (35,
Figure 1.6), vorinostat (36, Figure 1.7), and eribulin (37, Figure 1.8).)%° These
examples are used to illustrate the application of simplification in SAR studies in the

following paragraphs.

Schisandrin C (38, Figure 1.6), a dibenzocyclooctadiene lignan isolated from
traditional Chinese medicine Fructus Schizandrae, was found to display promising
antihepatitis B virus activity.’®® Its chemical structure was initially incorrectly
determined as 39 (Figure 1.6)."® A total synthesis was also performed based on the
incorrect structure of 39.®° An intermediate of the synthesis, which is devoid of the

eight-membered ring was serendipitously found to possess similar antihepatitis B
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virus activity as the target compound. As a result, bicyclol (35), which is more
synthetically accessible, was discovered and approved for the treatment of chronic
viral hepatitis.'®* Furthermore, bicyclol (35) has improved solubility, in vivo

absorption, bioavailability and biological activity.'%

MeO
O

o] O Removal of cyclic ring < O
40 I Structural modlflcatlon 0] CH,OH
(O e} COOCH3
o O ) O

MeO

38 Schisandrin C 39 35 Blcyclol

Figure 1.6. Structural simplification of schisandrin C (38)

Trichostatin A (40, Figure 1.7), a natural product isolated from the
actinomycete Streptomyces hygroscopicus, exhibited inhibition of histone deacetylase
(HDAC).' Abnormal expressions of HDACs are generally associated with tumour
growth.’™ SAR studies showed that the molecule inhibited HDAC by chelating to the
zinc ion in the active site of the HDAC enzyme via its hydroxamic acid group.'® Its
activity was not affected by the presence of the conjugated trans double bonds as well
as the chiral center.!®® By eliminating the conjugated double bonds and the chiral
center, a simpler analogue, namely vorinostat (36), was discovered and was approved

for the treatment of cutaneous T-cell lymphoma.'®

Non-essential groups
removal

o) o) Chiral center removal
Structural modlflcatlon
OH i .
h
40 Trichostatin A 36 Vorinostat

Figure 1.7. Structural simplification of trichostatin A (40)
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Halichondrin B (41, Figure 1.8), a polyether macrolide isolated from the
marine sponge Halichondria okadai, was shown to display promising antitumor
properties.® However, its complex structure and scare supply from natural source

present a huge challenge in total synthesis and drug development.*®

As a result, a
molecule that has a major part of the molecule in halichondrin B (41) excluded was
synthesized, giving rise to the discovery of eribulin (37), which was approved for the

treatment of refractory metastatic breast cancer.*®’

HO \
Ho MG F
HO 9]
H
41 Halichondrin B
Non-essential groups removal
Structural modification

HoN

37 Eribulin

Figure 1.8. Structural simplification of halichondrin B (41)
1.3.2 Ring variations

Ring systems constitute the main components of the molecular framework present in
most drug molecules available in the market.'® They are widely used by medicinal
chemists in drug design to manipulate the molecular properties of drugs (such as

electronic, steric, lipophilicity and polarity) with the aim to affect therapeutic
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properties, including absorption, distribution, metabolism and clearance of the drug

molecules in a positive way.'*

With many different ring systems available for
medicinal chemists to utilize in designing their desired molecules, the top 10 most
frequently encountered ring systems (inclusive of aromatic/heteroaromatic/heterocycl-

ic rings) in drug molecules are shown in Table 1.5.'%

While the list is not exhaustive,
it is found that certain rings are generally more manipulable than others for the

discovery of novel and bioactive drugs.**

Table 1.5. Top 10 most frequently used ring systems in drug molecules

2 3 4 5

G0 4 o C

Benzene Pyridine o Cyclohexane
Piperidine
Piperazine
6 7 8 9 10
@) H H 0 /\
N N %N A
O (,114/7 \ / [sj Cyclopropane
Oxane Imidazole Pyrrolidine Cephem

The ring variation strategy involves the replacement of existing rings with
other ring systems in the lead compound with the aim to improve its activity and
selectivity profile.*® The strategy of ring variation in drug design may be exemplified
by the effort to develop an antifungal drug starting from the imidazole-containing
compound tioconazole (42, Figure 1.9).** Based on the structure of tioconazole (42),
molecule 43" (Figure 1.9) emerged as one of the possible drug candidates to be
developed into an antifungal agent."*? It was later found that the imidazole group in

43 was susceptible to metabolic inactivation leading to poor oral bioavailability.*** In
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order to mitigate this problem, a range of substituted imidazoles as well as other
heterocyclic systems were used to replace the imidazole group in 43.* Subsequently,
the 1,2,4-triazole derivative (44, Figure 1.9) was identified as the best candidate for

further drug development as it was less susceptible to metabolic inactivation.*™*

—

H o \/@s HO LMo

7 "N 7 "N Ring variation 72!

(N; a o r/—> ,\CJ cl ——————> <N/J /ggw
cl cl cl

42 (+)-Tioconazole 43 44
Symmetry
introduction
N—\ N_\
\ \
QN,N L N
HO HO
</N‘N Aromatic substituent /N\N
variation _
= F ¢ g ci
F Cl
46 Fluconazole 45 UK-47,265

Figure 1.9. Development of tioconazole (42) into fluconazole (46)

At a later stage of the development, an element of symmetry was introduced to
the molecule by replacing the hexyl side chain in 44 with a 1-methyl-1,2,4-triazole
moiety to yield the symmetrical bis-triazole UK-47,265 (45, Figure 1.9).'*
Subsequently, the two aromatic chloro substituents in UK-47,265 (45) were replaced
with two fluoro groups to finally yield fluconazole (46), an antifungal medication
used for the treatment of a variety of fungal infections, particularly Candida

infections. 114

1.3.3 Chain extension/contraction

Chain extension/contraction may be a useful tactic in drug optimization when two

binding groups are connected by a chain. The chain length may not be optimum in the
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lead structure for the best interaction to occur between the binding groups on the
ligand and the biological target site.’> Thus, lengthening or shortening of the chain
length may result in an overall stronger interaction between the ligand and receptor

(Figure 1.10).*?

& P~—oA"" 7

A AA A Weak interaction

<V V¥V Binding region <V____—>

! ! Chain extension
A P~ 1

A AA A AA  Strong interaction

A Binding region A

i i Chain contraction
— Pe———o-"{:

A AA A Weak interaction

@ Binding region <__ V>

Figure 1.10. Chain extension/contraction involving two binding groups A and B on a

ligand interacting with the binding region within a biological target site

The chain extension strategy can be illustrated by the development of
enalaprilat (47, Figure 1.11), which is the active metabolite of enalapril (2), used as an
ACE inhibitor for the treatment of hypertension and congestive heart failure.**®
Molecule 48 (Figure 1.11) was first recognised as one of the useful analogues that
eventually led to the development of enalaprilat (47).** A chain extension strategy
was applied to 48 in attempts to improve its potency. When the benzyl group in 48

was converted into a phenethyl group in 49 (Figure 1.11), a significant increase in
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activity was observed, i.e., 49 is 10 times more potent than 48.* Enalaprilat (47)

represents the active epimer of the diastereoisomeric mixture of 49.'2

> Chain extension
; N N >
H o o H 0o o H o o
OH HO OH HO OH HO
48 49

47 Enalaprilat

Figure 1.11. Chain extension of 48
1.3.4 Structural extension

Structural extension is a strategy where the lead molecule is ‘extended’ by the
addition of extra chemical/functional groups to probe for potential extra binding
regions within the target site, which may lead to enhancement of the desired effect.'
This strategy is often used to reveal extra hydrophobic interactions within the binding
site by the addition of extra alkyl or arylalkyl groups to the lead molecule.*? On the
other hand, chemical groups with polar functional groups can also be added to the

lead molecule to probe for extra hydrogen bonding or polar interactions within the

binding site.*?

The strategy of structural extension is exemplified by the anticancer drug
imatinib (CGP 57148) (50, Figure 1.12), which represents the first protein kinase
inhibitor to hit the market for the treatment of chronic myeloid leukemia.*****" In the
process of discovering imatinib (50) as an anticancer drug, CGP 53716 (51, Figure
1.12) emerged as one of the intermediates that showed promising protein Kinase
inhibiting activity.*****® However, there were significant discrepancies between the in
vitro and in vivo activities showed by 51.1*3!° |n attempts to improve selectivity, the

structure of 51 was extended at the para-position of the benzamide phenyl ring to
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include a 1-methylene-4-methylpiperazine moiety to give imatinib (50), which was

found to show equal potency in vitro and in vivo and eventually approved as a clinical

116,117

drug.

Structural extension

| D

51 CGP 53716
(\N
_N
50 Imatinib

Figure 1.12. Structural extension of CGP 53716 (51)

1.3.5 Rigidification

A flexible drug molecule can adopt a large number of conformations due to the
presence of several rotatable bonds. However, possibly only one of these
conformations can effectively bind to the biological target site, triggering the desired
biological effect, and this conformation is known as the active conformation.'? In
general, the molecule/ligand will suffer a loss in entropy upon binding to the target
site, as prior to binding the molecule is more flexible (higher entropy) and the
molecule becomes rigidified when it is bound to the target site (lower entropy). The
strategy of rigidification, also known as conformational restriction, may be able to
increase the selectivity of a ligand by locking its otherwise flexible molecular
framework to the specific active conformation for binding, thus reducing the

possibility of off-target effect.*? Thermodynamically, rigidification also contributes
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favourably to the overall ligand-target binding affinity since a more rigid ligand

contributes to a lower entropy loss when bound to its target site.*?*!#

The major approach for structural rigidification is by the formation of cyclic
structures to reduce the number of rotatable bonds present in the molecule, and the
rigidified molecule must be locked in the desired active conformation.’? The
rigidification strategy has been applied in various areas of drug development,
including human immunodeficiency viruses (HIV) inhibitors, anticancer agents,
Alzheimer’s disease therapeutic agents, antiinfluenza agents, as well as antibacterial

and antifungal agents.'?

An example of a drug that made it into the market through the rigidification
strategy is dolutegravir (52, Figure 1.13), an FDA-approved drug to treat HIV
infection.?*2* Carbamoy! pyridone HIV-1 integrase (IN) inhibitor 53 (Figure 1.13)
emerged as one of the intermediates in the development of novel IN inhibitors.*** To
improve metabolic stability, the methyl ester group in 53 was converted to amide 54
(Figure 1.13).2** However, the presence of an unfavourable intramolecular H-bonding
between the central hydroxyl and amide NH moieties in 54 resulted in a substantial
reduction in activity.** To mitigate this issue, the conformation adopted by the amide
group in 54 must be in such a way where the carbonyl function is located nearest to
the hydroxyl group. This was eventually achieved by employing an intramolecular
tethering technique, which saw the discovery of dolutegravir (52) as an HIV

inhibitor.*?*
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Figure 1.13. Rigidification of IN inhibitor (53)

The rigidification strategy can also be illustrated by the structural modification
of morphine (55, Figure 1.14) in the development of analogues with stronger
analgesic effects.'?> Morphine (55) is a well-known analgesic drug which relieves pain
via mediation through the p-opioid receptors.® Etorphine™®® (56, Figure 1.14) is a
rigidified analogue of morphine (55), where an extra ring with a branched group is
introduced to rigidify and subsequently limit the number of conformations the

127

molecule can adopt.™" As a result, etorphine (56) is 3200 times more potent than

morphine (55) in terms of its analgesic activity.**’

Rigidification, MeO

55 Morphine 56 Etorphine

Figure 1.14. Rigidification of morphine (55)
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1.3.6 Bioisosterism

Bioisosteres are chemical groups that have similar chemical or physical properties and
produce roughly similar biological effects to another compound.'?® Bioisosterism is
an important approach in drug design especially in decreasing the level of toxicity
and/or improving the level of potency, selectivity and pharmacokinetics of a lead
compound.” Bioisosteres can be divided into the classical and non-classical
categories.”® Classical bioisosteres refer to the replacement of a functional
group/atom/partial structure with a group that has the same valency (mono-, di-, tri-,
tetra-valent) and ring equivalents.”® A few examples of classical bioisosteres are

shown in Table 1.6.1%1%

Table 1.6. Examples of classical isosteres

Monovalent —OH, -NH;, -CHj3
—F, -Cl, -Br, -1, -SH
Divalent —CHy—, -NH-, -O—, -S—
—COCH;—, -CONH-, -COO-, -COS-
Trivalent =CH-, =N-
Tetravalent =C=, =N"=

Ring equivalent N
Q0 0
S o) H
SXORORY

On the other hand, non-classical bioisosteres refer to the replacement of a
chemical group with one that is structurally distinct, possessing different steric and
electronic properties but retains similar biological activities.”® Selected examples of
non-classical isosteres are shown in Table 1.7 for carboxylic acid (—~COOH)

isosteres.**°
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Table 1.7. Selected examples of carboxylic acid (—COOH) isosteres

Acyclic —SO3H, —PO3H, —SO,NH,
Cyclic H o H
ST O
\ \
N 0
R OH R

’

The concept of bioisosterism can be illustrated by the discovery of ixabepilone
(57, Figure 1.15), an anticancer agent used to treat breast cancer, based on the
structure of epothilone B (58, Figure 1.15).****? Epothilone B (58), which was
isolated from the myxobacterium Sorangium cellulosum, was found to possess potent
in vitro anticancer activity against breast and colon tumour cell lines.™*> However,
epothilone B (58) showed only modest in vivo antitumour activity due to its poor
metabolic stability and unfavourable pharmacokinetics.** A range of semisynthetic
analogues were designed and evaluated, which eventually led to the discovery of
ixabepilone (57).2* The lactone oxygen atom in epothilone B (58) was replaced with
a nitrogen atom (classical isostere) in ixabepilone (57), to give a lactam analogue. The
lactam ring in ixabepilone (57) is not susceptible to hydrolysis by esterases, resulting

in improved metabolic stability.***

; S
Isosteric
OH replacement IQN]\)
H

O OH O O OH O
58 Epothilone B 57 Ixabepilone

Figure 1.15. Isosteric replacement of epothilone B (58)

Another drug that made it into the market based on bioisosterism is losartan
(6), an ARB that is used for the treatment of hypertension.**® EXP-7711 (59, Figure

1.16), which is one of the candidates in the drug development pipeline, suffered from
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relatively weak potency despite being orally active and possesses a long-lasting effect

for lowering blood pressure.™®

As a result, the carboxylic acid moiety in EXP-7711
(59) was replaced by its non-classical cyclic isostere, i.e., tetrazole, in losartan (6) and

this modification improved the oral absorption and potency by 1000 times.*®

?NOH

59 EXP-7711 6 Losartan

Isosteric
replacement

Figure 1.16. Isosteric replacement of EXP-7711 (59)
1.3.7 Substituent variation

Substituent variation refers to the alteration of alkyl or aromatic substituents of a lead
in order to improve its binding interaction.*? For example, if an alkyl group interacts
with a hydrophobic region in a binding site, the length and bulkiness of the alkyl
group can be varied for better fitting into the binding site to give improved
interaction.’? Variation of substituents on an aromatic ring may affect binding
interaction and activity since different substituents possess different steric,

hydrophobic, and electronic properties.

The substituent variation strategy can be highlighted by the development of
isoprenaline (60, Figure 1.17) as a selective B-adrenergic agonist.* Isoprenaline (60)
was obtained by replacement of the N-methyl group in adrenaline (61) with the
bulkier N-isopropyl group.'**® This simple modification resulted in a significant

change in the activity observed, whereby adrenaline (61) is a non-selective

29



adrenoreceptor agonist while isoprenaline (60) shows selectivity for p-adrenergic

receptors over o-adrenergic receptors.™’

HO Alkyl substituent ~ HO
variation J\
HO ”/ l > HO N
on M

OH

61 Adrenaline 60 Isoprenaline
Figure 1.17. Alkyl substituent variation of adrenaline (61)
As mentioned in Section 1.3.2, aromatic substituent variation strategy was
applied on UK-47,265 (45) where the aromatic chloro substituents were replaced with
fluoro substituents to yield fluconazole (46) that has superior water solubility for

intravenous administration. !

On a side note, it is common for different drug design strategies to be
employed in combination (as reflected in the case of fluconazole (46)) to discover
biologically active drugs with optimum effects with regards to pharmacological and

pharmacokinetic properties.

1.4 The genus Ficus

The genus Ficus belongs to the tribe Ficeae (figs) in the mulberry family Moraceae.'®
This genus is well represented by over 735 species worldwide and approximately 367
species in Malesia, i.e., the region covering countries of Malaysia, Indonesia, Brunei

Darussalam, Singapore, the Philippines and Papua New Guinea.**

The figs are trees, shrubs and vines occurring as part of the vast range of

ecological niches throughout the tropics.**® Their leaves are usually spirally arranged,
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distichous, subopposite or sometimes subverticillate.” A unique trait of the Ficus
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species is the fruit, sometimes referred to as a syconium, an enclosed inflorescence in

which internal flowers are exclusively pollinated by female agaonine wasps.***

Ficus species have extensive usage in ethnomedicine to cure a number of
cancer-related diseases conditions since the 1% century CE in the West.!*? In Asia,
specifically in Malaysia, the leaves of F. deltoidea are used to treat diabetes, skin
diseases, hypertension and regulate menstrual cycle."**** In Malaysia and India,
various parts of F. hispida are used to treat a number of disease conditions such as

ulcers, psoriasis, anemia, jaundice and more.***4°

1.4.1 Alkaloids from the genus Ficus

Alkaloids are nitrogen-containing organic compounds of natural origin with a greater
or lesser degree of basic character.’ By extension, certain neutral compounds
including amides may be considered as alkaloids.'*® To date, the occurrence of
alkaloids in Ficus is limited to eight species and is summarized in Table 1.8. The

structures of alkaloids isolated from Ficus species are shown in Figure 1.18.
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Table 1.8. Occurrence of alkaloids in Ficus

Plant Plant Alkaloids References
part

F. fistulosa Stem-bark  Fistulosine (62) 149

Reinw. ex (-)-13aa-Antofine (13aR-antofine) (63)

Blume (-)-14B-Hydroxyantofine (64)

(-)-13aa-Secoantofine ((—)-Secoantofine) (65)

Bark Fistulopsine A (66)
(+)-Septicine (67)
(+)-Tylocrebrine (68)

Leaf Fistulopsine B (69)
(+)-Tylophorine (70)
(-)-3,6-Didemethylisotylocrebrine (71)

Leaves Aurantiamide acetate (72)
and stem-  Indole-3-carboxaldehyde (73)
bark Palmanine (74)

3,4-Dihydro-6,7-dimethoxyisocarbostyril (75)

150

151

F. fistulosa var.  Leaves (+)-Antofine (76)

tengerensis ()-Fistulosine (77)
(-)-Secoantofine (65)
(+)-Tengechlorenine (78)
(+)-Tengerensine (79)

152

F. hirta Vahl. Fruits Methyl 1-methyl-1,2,3,4-tetrahydro-f3-
carboline-3-carboxylate (80)
1-Methyl-1,2,3,4-tetrahydro-p-carboline-3-
carboxylic acid (81)

F. hispida Linn.  Stem-bark (+)-Deoxypergularinine (82)
Hispidacine (83)

Leaves Hispidine (84)
Hispiloscine (85)
3,6,7-Trimethoxy-14-
hydroxyphenanthroindolizidine (O-
Methyltylophorinidine) (86)
3,6,7-Trimethoxyphenanthroindolizidine ((-)-
Deoxypergularinine) (87)

Leaves- O-Methyltylophorinidine (86)
twig

153

154

154,155

156
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Twigs

Ficushispimine A (88)
Ficushispimine B (89)
Ficushispimine C (90)
Ficushispidine (91)
1-(4-Hydroxyphenyl)-2-(2-
pyrrolidinyl)ethanone (92)

157

F. nota
(Blanco) Merr.

Leaves

Ficusnotin A (93)
Ficusnotin B (94)
Ficusnotin F (95)

158

F. pachyrhachis

Leaves

(+)-Nor-reticuline (96)
(-)-Reticuline (97)

159

F. pantoniana
King

(Not
specified)

Ficine (98)
Isoficine (99)

F. septica Burm
f.

Twigs

Leaves

Dehydroantofine (100)
Dehydrotylophorine (101)
Secodehydroantofine (102)
Tylophoridicine D (103)

Antofine (104)
(+)-Antofine (76)
Dehydrotylophorine (101)
Ficuseptamine A (105)
Ficuseptamine B (106)
Ficuseptamine C (107)
Ficuseptine A (108)
(+)-1sotylocrebrine (109)
Norruspoline (110)
Phyllosterone (111)
Septicine (112)
(-)-Secoantofine (65)
Tylocrebrine (113)

(-)-Tylophorine (13aR-Tylophorine) (114)

(+)-Tylocrebrine (68)
(+)-Tylophorine (70)

(+)-Tylophorine N-oxide (115)
14a-Hydroxyisocrebrine N-oxide (116)
14a-Hydroxyisotylocrebrine N-oxide (117)

14-Hydroxy-2,3,4,6,7-

pentamethoxyphenanthroindolizidine (118)

14-Hydroxy-3,4,6,7-

tetramethoxyphenanthroindolizidine (119)

160

161

162,163



Stem

Roots

Dehydrotylophorine (101) 104
Ficuseptine B (120)

Ficuseptine C (121)

Ficuseptine D (122)

(+)-1sotylocrebrine (109)

Tylocrebrine (113)

(-)-Tylophorine (114)
10S,13aR-Antofine N-oxide (123)
10S,13aR-Isotylocrebrine N-oxide (124)
10S,13aS-Isotylocrebrine N-oxide (125)
10R,13aR-Tylocrebrine N-oxide (126)
10S,13aR-Tylocrebrine N-oxide (127)
10R,13aR-Tylophorine N-oxide (128)
10S,13aR-Tylophorine N-oxide (129)

Dehydrotylophorine (101) 165
Ficuseptine A (108)

Ficuseptine B (120)

Ficuseptine E (130)

Ficuseptine F (131)

Ficuseptine G (132)

Ficuseptine H (133)

Ficuseptine | (134)

Ficuseptine J (135)

Ficuseptine K (136)

Ficuseptine L (137)

Ficuseptine M (138)

Ficuseptine N (139)

13aR-Antofine (63)
13aR-Isotylocrebrine (140)
13aR-Tylophorine (114)
13aR-Tylocrebrine (141)
10S,13aR-Isotylocrebrine N-oxide (124)
10S,13aR-Tylocrebrine N-oxide (127)
10R,13aR-Tylophorine N-oxide (128)
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62 Fistulosine 63 (—)-13aa-Antofine: R = H
64 (—)-14R-Hydroxyantofine: R = OH

OMe

MeO
PPN

| N

MeO I
OMe OMe
66 Fistulopsine A 67 (+)-Septicine 68 (+)-Tylocrebrine: R' = OMe, R = H

70 (+)-Tylophorine: R" = H, R? = OMe
76 (+)-Antofine: R' =R?=H

(0] H (0]
N\" N Ok
H o
OMe OMe

69 Fistulopsine B 71 (-)-3,6-Dimethylisotylocrebrine 72 Aurantiamide acetate

N

OMe
HO
DN
|

HO

(@)
H
MeO
> NH
N MeO
H O
73 Indole-3-carboxaldehyde 74 Palmanine 75 3,4-Dihydro-6,7-dimethoxyisocarbostyril
OMe
OMe MeO
MeO
DPN:
Cl
N

MeO

HO
78 (+)-Tengechlorenine

77 (+)-Fistulosine

79 (+)-Tengerensine
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OR

NH
A\

N
H

80 Methyl 1-methyl-1,2,3,4-tetrahydro-R-carboline-3-
carboxylate: R = Me

81 1-Methyl-1,2,3,4-tetrahydro-3-carboline-3-
carboxylic acid: R=H

OMe
82 (+)-Deoxypergularinine: R = H
86 3,6,7-Trimethoxy-14-
hydroxyphenanthroindolizidine: R = OH

N MeO

MeO - H
© OMe O
(0]

MeO | N ‘

MeO MeO O

OMe OMe
OH 84 Hispidine 85 Hispilosine

83 Hispidacine

(6] o |
R /@)MN\
HO HO

88 Ficushispimine A: R = N*Me, 90 Ficushispimine C
89 Ficushispimine B: R = NMe
92 1-(4-Hydroxyphenyl)-2-(2-

pyrrolidinyl)ethanone: R = NH

MeO
BOYi
M
MeO Oe
OMe

94 Ficusnotin B: R = NHAc
95 Ficusnotin F: R = NHCHO

OMe
87 3,6,7-Trimethoxyphenanthroindolizidine

HO

DN
|k
l N

91 Ficushispidine 93 Ficusnotin A

NH
HO -

OH O
OMe OMe
o 98 Ficine: R' = H, R2 =§—(j
N
96 (+)-Nor-reticuline 97 (-)-Reticuline Me
99 Isoficine: R' =§4(j ,R2=H
N
Me

36



100 Dehydroantofine: R' = OMe, R = H
101 Dehydrotylophorine: R' = OMe, R? =OMe
103 Tylophoridicine D: R' = H, R =OMe

R'O

R20 N

o |
105 Ficuseptamine A: R' = H, R? = Me
106 Ficuseptamine B: R' = Me, R2 = H

MeO

OMe
108 Ficuseptine A: R' = R2 = OMe, R® = OH
115 (+)-Tylophorine N-oxide: R' = OMe, R =R3=H
116 14a-Hydroxyisocrebrine N-oxide: R' = H, R? = OMe, R® = OH
117 140-Hydroxyisotylocrebrine N-oxide: R' = H, R? = OMe, R® = OH

MeO.

MeO
102 Secodehydroantofine

OMe OMe

MeO

A
P (J
- ®

MeO

HO
Mw%
O R

107 Ficuseptamine C: R = *N(CH3),
111 Phyllosterone: R = NCH;

MeO

DN
MeO

A
MeO

OMe
109 (+)-Isotylocrebrine

104 Antofine

OMe
MeO OMe

HO MeO

.
MeO 7
HN MeO N
110 Norruspoline MeO O

OMe MeO

112 Septicine 113 Tylocrebrine
OMe OMe
114 (-)-Tylophorine 118 14-Hydroxy-2,3,4,6,7-pentamethoxyphenanthroindolizidine: R = OMe

119 14-Hydroxy-3,4,6,7-tetramethoxyphenanthroindolizidine: R = H
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R2 MeO
R3
R4
MeO MeO
120 Ficuseptine B: R', R? = OCH,0, 123 10S,13aR-Antofine N-oxide
R3 = H. R = OMe 124 10S,13aR-Isotylocrebrine N-oxide:
’ 1= R3= 2_ 4=
121 Ficuseptine C: R', R2 = OCH,0, R'= R"=H,R"=R"=0OMe
R3=R*=H 127 10S,13aR-Tylocrebrine N-oxide:
1-R3= 2 _R4=
122 Ficuseptine D: R' = R* = H, R? = R'=R"=0Me, R*=R"=H
R% = OMe

OMe

OMe
126 10R,13aR-Tylocrebrine N-oxide: 129 10S,13aR-Tylophorine N-oxide

R'=0OMe, R?=H
128 10R,13aR-Tylophorine N-oxide:
R'=H, R? = OMe

130 Ficuseptine E: R'=R3=0OH, R2=R%=0OMe, R*=R® =H OMe
131 Ficuseptine F: R'=R?>=R3=R*=R%=0OMe, R® = H 134 Ficuseptine |
132 Ficuseptine G: R' = R* = H, R? = R® = R® = OMe, R® = OH
133 Ficuseptine H: R'=R*=R5=0Me, R2=0OH,R®=R6 = H
135 Ficuseptine J: R' =R?=R*=0Me, R®=R®=H, R>= OH
140 13aR-Isotylocrebrine: R' = R* = H, R? = R® = R® = R® = OMe
141 13aR-Tylocrebrine: R' = R2=R*=R%=0Me, R®=R® = H
R OMe

MeO MeO

R2

3 0]
R N <
(02S)
R* ©
R5 OMe 139 Ficuseptine N
136 Ficuseptine K: R' = R® = OMe, R2=R% = H, 138 Ficuseptine M
R*=OH
137 Ficuseptine L: R'=R®*=R%=H,R2=R*=
OMe

Figure 1.18. Alkaloids from Ficus species
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From Table 1.8, it is apparent that alkaloid-producing Ficus species
predominantly produce phenanthroindolizidine-type alkaloids in the leaf, bark, stem
and root parts. Phenanthroindolizidine alkaloids are known to possess interesting
pharmacological properties, particularly anticancer activities.’®®*®” This class of
alkaloids has attracted many organic chemists to develop total syntheses of these
compounds, such as tylophorine (70 and 114), antofine (104), tylocrebrine (113).°:1¢8
Extensive SAR studies on the phenanthroindolizidines for their potential anticancer
effects were also carried out."*®*®® The next common class of alkaloids isolated from
this genus is seco-phenanthroindolizidines that include fistulopsine B (69),

ficushispidine ~ (91), septicine (67 and 112), (-)-secoantofine (65),

secodehydroantofine (102) and hispidine (84).

To date, our group has reported the phytochemical investigations of three
Ficus plant species, namely F. fistulosa, F. fistulosa var. tengerensis and F. hispida,
which yielded the discovery of six novel alkaloids including fistulopsines A (66) and
B (69), (+)-tengechlorenine (78), (+)-tengerensine (79), hispidacine (83) and
hispiloscine (85).2%°21>* However, alkaloidal investigations of other Ficus species
are still very limited considering the fact that there is a large number of species within
this genus. Given the fact that alkaloids represent one of the most important classes of
natural products for drug discovery,™® scientists should continue to work on other
uninvestigated Ficus species to explore and discover potentially useful biologically

active alkaloids.

1.4.2 Alkaloids from Ficus schwarzii

In continuation of our studies of biologically active alkaloids from Malaysian Ficus,

we have recently isolated a series of nine novel alkaloids from the leaves of Ficus
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schwarzii Koord., namely, schwarzinicines A-G (142-148),'"° schwarzificusines A
(149) and B (150) (unpublished) (Figure 1.19). The basic backbone of the
schwarzinicine  structures constitute an unprecedented 1,4-diarylbutanoid-
phenethylamine adduct. On the other hand, schwarzificusines are characterized by a

phenylaminotetralin core structure incorporating a phenethylamine moiety.

OMe
1
R OMe
R2
HN
2

MeO ‘

MeO MeO E [ OMe
OH OMe
142 Schwarzinicine A: R' =R*=R5=H, RZ=R%® = OMe 149 Schwarzificusine A: 2a-NHCH,CH,Ar

143 Schwarzinicine B: R' = R* = H, R2 = R = OMe, R® = Me 150 Schwarzificusine B: 2R-NHCH,CH,Ar
144 Schwarzinicine C: R' = R* = R®=H, R?, R® = OCH,0

145 Schwarzinicine D: R' = OH, R?, R® = OCH,0, R*=R%=H

146 Schwarzinicine E: R' = OH, R2=R3®=OMe, R*=R%=H

147 Schwarzinicine F: R' = R5 = H, R? = R% = OMe, R* = OH

148 Schwarzinicine G: R' = H, R? = R® = OMe, R* = OH, R® = Me

Figure 1.19. Structures of schwarzinicines A-G (142-148), schwarzificusines A (149)
and B (150)

Schwarzinicine A (142), which was obtained as the most abundant alkaloid
from the leaves of F. schwarzii, was found to possess pronounced vasorelaxant
activity in male Sprague Dawley (SD) rat isolated aorta pre-contracted with
phenylephrine (PE) in an organ bath setup. Although the potency of 142 was
comparable to that of dobutamine (a known phenylalkylamine vasorelaxant agent), it
showed a significantly higher efficacy (see Section 4.2). Additionally, 142 exhibited
selective relaxant effect in rat aorta tissue compared to trachea and bronchus tissues
(Figure 1.20). Furthermore, unlike the phenanthroindolizidine alkaloids, 142 showed

no apparent cytotoxicity towards selected human cancer cell lines (neutral red assay).
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While mechanistic study for the vasorelaxant effect of 142 is currently underway, the
preliminary biological data strongly suggest that 142 represents a promising lead that
can be further developed into useful therapeutic agents, particularly to complement

the existing classes of antihypertensive drugs available in the market.

©
=
O 140
ko]
q) =
¢ 120 T
S B
S T 1004
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T @ . |
E.) C | /
© o 60-
=
2 2 404
- ‘(‘D‘ &
=204
S - 7%
) :
o 0 T T /
§ Trachea Bronchus Aorta
(n=6) (n=4) (n=5)

Figure 1.20. Vasorelaxation induced by schwarzinicine A (142) at 30uM in rat
isolated trachea, bronchus and aorta. The data represents mean + SEM of (n)

determinations

1.5 Research aims

It is imperative that a sustainable source of the schwarzinicine alkaloids is the key to
further investigations into their potential development for therapeutic use. The project,
therefore, aimed to develop sustainable and scalable syntheses of the schwarzinicine
alkaloids, particularly schwarzinicine A (142), from commercially available building
blocks. This is because the isolation yield of 142 from its natural source is very low,
ca. 0.0005% (or 50 mg obtained from 10 kg of dried leaves) despite that 142 was

isolated as the most abundant alkaloid from the leaves of F. schwarzii. Synthetic
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routes to schwarzinicines B (143) and F (147) would also be developed in the present

project.

Additionally, we also aimed to explore and better understand the SAR around
the structure of schwarzinicine A (142) as a lead compound in promoting vasorelaxant
effects in rat isolated aorta. This was achieved by carefully designing and
synthesizing various 142 analogues using the analogue design strategies described in
Section 1.3, followed by evaluation of their vasorelaxant effects using the organ bath
setup (see Section 4.1.1). Subsequently, a detailed analysis of SAR provided useful
information to facilitate further structural optimization of the molecular scaffold of

142 for better activity.
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Total syntheses of schwarzinicine alkaloids

2.1 Overview

It was highlighted in Chapter 1 that schwarzinicine A (142) exhibited promising
vasorelaxant effect in SD rat isolated aorta. In order to explore the biological activity
of schwarzinicine A (142) and other schwarzinicine alkaloids, which may facilitate
the development of possible antihypertensive agents, it is desirable that the
schwarzinicine alkaloids can be prepared in the laboratory considering the fact that
the leaves of Ficus schwarzii are not in any way a sustainable source of the alkaloids.
In this chapter, we describe the total syntheses of schwarzinicines A (142), B (143)
and F (147). Schwarzinicine F (147) was obtained in minute amounts and its relative
stereochemistry could not be ascertained due to the lack of material as well as
decomposition. Therefore, it was also our aim that the synthesis of schwarzinicine F
(147) would enable us to resolve the stereochemical issue related to its structure. Brief
introductions to Grignard reaction and Weinreb ketone synthesis are presented in this
chapter as these reactions were employed in the synthetic route to schwarzinicines A
(142) and B (143). The reductive amination reaction, which represents a common and
key step in the syntheses of schwarzinicines A (142), B (143) and F (147), is
discussed in this chapter. The stereoselectivity aspect of the reductive amination

reaction associated with the 3-hydroxyketone system present in the ketone
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intermediate for the preparation of schwarzinicine F (147) is also discussed. These
three main reactions mentioned above were also conveniently employed for the

preparation of various schwarzinicine analogues designed for SAR studies.

2.1.1 Grignard reaction

First discovered by Victor Grignard in 1900, the Grignard reaction remains as one of
the most influential organometallic chemical reactions in the formation of C-C
bonds.'**"? Grignard reagents are usually prepared in diethyl ether (Et,0) or
tetrahydrofuran (THF), although various other solvents, such as dimethoxyethane,
tetrahydropyran, anisole, di-n-propyl ether, may also be used but are often associated
with the problem of solubility of magnesium halide (MgX5).'" Precipitation of MgX
will shift the Schlenk equilibrium to the right, leaving R,Mg in solution and thus

affecting the reactivity of Grignard reagent (RMgX) as a whole (Scheme 2.1).*"

2RMgX RoMg + MgX,

Scheme 2.1. Schlenk equilibrium of Grignard reagent (RMgX)

The formation of Grignard reagent involves the insertion of a magnesium
metal into an alkyl-halide (R—X) bond and the resulting compound (RMgX) is
stabilized by coordination to solvent molecules or other coordinating ligands.*” In
general, the ease of formation of Grignard reagent follows the relative reactivity of

halogens, i.e., | > Br > Cl >> F; and allyl, benzyl > primary alkyl > secondary alkyl,

cycloalkyl = tertiary alkyl, aromatic > vinyl.}"™

The reaction begins with a nucleophilic attack of the carbon attached to
magnesium in Grignard reagent 151 onto the electrophilic carbon of the carbonyl

group in 152 (e.g., ketone) (Scheme 2.2).'” This addition reaction involves the
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formation of intermediate 153, which on subsequent elimination step (quenching with

acid) produces the desired alcohol product 154.

MgBr
0 o H;0*/H,O HO
RMgBr + — >
9 PN X R Elimination step XR
151 152 153 154

Scheme 2.2. A typical Grignard reaction between a Grignard reagent and a ketone

Many possible mechanisms have been proposed for the Grignard
reaction.'’”®*”” The two most common ones are those that involve the formation of a
four-centred transition state (155) and a six-membered transition state (156) (Scheme
2.3).7%" A range of electrophiles including nitriles, aldehydes and Weinreb amides

can be used as coupling partners in the Grignard reaction.'"

Br\l\l/lg(JO Br\l\/llg—--IO O,MgR
5 el O Y
- 155
Four-centred transition state
R R |
Mg\ /Mg\\ O,MgR
O_) ('Br — Ol’ I:Br — 4\ +  MgBr,
y/R\/MgBr /& __MgBr R
156

Six-centred transition state

Scheme 2.3. Possible transition states for Grignard reaction
2.1.2 Weinreb ketone synthesis

Discovered by Steven Weinreb and Steven Nahm in 1981, the Weinreb ketone
synthesis reaction is a method to make ketones from N-methoxy-N-methylamides
(Weinreb amides) and organometallic reagents.’”® It is a powerful chemical reaction
in forming C-C bonds and has increasingly gained popularity for its uses in organic

179

synthesis.” Weinreb amides, which essentially are acylating agents, can be used to
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make various ketones, aldehydes or cyclic compounds through many reactions,
making them very versatile in the synthesis of complex natural product
molecules.”®*® A Weinreb amide is typically made from N,O-
dimethylhydroxylamine with either an acid chloride or a carboxylic acid.*® When a
carboxylic acid is used, an acid activating agent such as 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC), carbonyldiimidazole (CDI), dicyclohexyl-
carbodiimide (DCC) or (benzotriazol-1-yloxy)tris(dimethylamino)-phosphonium
hexafluorophosphate (BOP) is normally required for the successful conversion of the

carboxylic acid into the corresponding Weinreb amide.*"

Scheme 2.4 shows a reaction mechanism for the coupling reaction between a
Weinreb amide (157) and a Grignard or other organometallic reagent that gives rise to
a ketone en route to the synthesis of more complex molecules. The reaction proceeds
via the formation of the stable metal-chelated intermediate 158 from a nucleophilic
addition step of an organometallic reagent onto 157, followed by an elimination step
(quenching with acid) to produce the desired ketone product 159.*"3*# The formation
of the metal-chelated intermediate 158 has the advantage of preventing over-addition

181

of the nucleophilic coupling reagent when used in excess.” As a result, yields of

ketones produced from Weinreb amides are usually higher.®

O o-M O
JL R’M \ H;O"
_.OMe S >
R e THF RJZ\N’ONIe riPoR?
157 Addition step R? Me Elimination step 159
158

Stable chelate

Scheme 2.4. Mechanism of Weinreb ketone synthesis
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2.1.3 Reductive amination

Reductive amination is one of the most important chemical reactions in the formation
of primary, secondary and tertiary amines from aldehydes or ketones with ammonia,
primary or secondary amines. This also corresponds to the fact that a majority of drug
molecules and derivatives made in the process of drug discovery and development are
amines.'’> Compared to other C-N bond formation reactions, such as direct alkylation
of nitrogen with alkyl halides, reductive amination reaction represents a favourable
strategy in making amines as it does not give rise to significant over-alkylation and

thus offers a greater degree of control over reactivity issue.'’?

The reaction proceeds via condensation of carbonyl compound 160 with amine
161 to form hemiaminal 162, which subsequently undergoes dehydration to form an
iminium ion intermediate 163 (Scheme 2.5).% Subsequent reduction of the iminium
ion by a suitable reducing agent affords the desired amine 164 as a racemic mixture

due to prochiral carbonyl carbon of 160.

+H*
3 4 3 4
j\ H RINR -HO R\ﬁ’R R3\N’R4
+ _— | — =

R"OR2  R3NRe R1JVR2 R1)\R2 1J\2
H + H,0 R R
160 161 O A 163 164

162 -H

Scheme 2.5. Mechanism of reductive amination

Reductive amination reaction can be carried out using the direct method,
whereby the reaction is performed in situ (one-pot reaction) with the carbonyl
compound and amine being mixed together with a suitable reducing agent without
prior formation of the iminium ion.*®® On the other hand, the indirect method involves
the formation of the iminium ion intermediate followed by a separate reduction

step.’™®® The direct reductive amination method requires a highly selective reducing

47



agent such as sodium triacetoxyborohydride (NaBH(OAc)s)™®* or sodium
cyanoborohydride (NaBHsCN)™ as shown in Figure 2.1. NaBH(OAC)s, being a
milder reducing agent than NaBH3;CN, is more selective compared to
NaBH;CN.'®Additionally, NaBH(OAC); is also a greener reagent than NaBHs;CN
since the latter is associated with the issue of cyanide waste products.'® However,
NaBH(OAC)s tends to be unstable under aqueous condition due to the nature of the
triacetoxyborohydride group and reactions done in a polar protic solvent such as
methanol (MeOH) were generally less successful as compared to NaBH3;CN, which

tolerates protic solvents well. "%

Na o (Pél\ N
)J\O/B\\H I

O ® g0
\« Na H VH
o) H
Sodium triacetoxyborohydride Sodium cyanobohydride

Figure 2.1. Two common reducing agents used in reduction amination

There were two previous reports that described the stereoselective preparation
of 1,3-syn-aminoalcohols via reductive amination reaction of 3-hydroxyketones.'®":1%
1,3-Aminoalcohol is an important chemical group that is present in many bioactive
molecules.’® This includes the ketone intermediate for the preparation of
schwarzinicine F (147) (see Section 2.3). Firstly, Haddad et al.'®" reported that the
reductive amination between 3-hydroxyketone 165 and benzylamine (Bn-NH.) in the
presence of either NaBH(OACc); or NaBH3;CN produced 1,3-syn-aminoalcohol 167 in
high diastereomeric excess when compared to the 1,3-anti product 168, while a small
amount of 1,3-diol 169 was also obtained as a minor product (Scheme 2.6).**" It was

also reported that the use of NaBH3CN, in contrast to NaBH(OAC)s, as the reducing

agent resulted in the best stereoselectivity effect giving the 1,3-syn product 167 in the
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highest yield. It was proposed that the reaction proceeded via the formation of
transition state 166, which adopted a chair conformation during the attack by an

external hydride species on 166 from the axial position (Scheme 2.6).'¥’

HH 4 .Bn Bn
OH O Bn-NH < OH HN OH HN”~
/?\)L T R? O//BHCN — > . + /\/L
R R2 NaBH,;CN Vo RT3 R2 R R?
165 R? \ 167 168

OH OH

R™ R?
169
Minor side product

Scheme 2.6. Reductive amination reported by Haddad et al.*®’

On the other hand, Menche et al.'®® reported that the reductive amination
reaction between 3-hydroxyketone 170 and NR*H; in the presence of Ti('OPr); gave
rise to intermediate 171 in a chair-like conformation, while polymethylhydrosiloxane
(PMHS) was used as the reducing agent and eventually produced predominantly 1,3-

syn-aminoalcohol 172 over the 1,3-anti product 173 (Scheme 2.7).

"
H
8 3 OH NHR°H
«)L SR Rﬁﬁ\ﬁ“ R GRS &
Ti(OPr), N—R3 R"™™3"R R R
PMHS RZ 172 173
171

Scheme 2.7. Reductive amination reported by Menche et al.®

It is apparent that there is a high resemblance between the transition states
proposed by Haddad et al.*®’ (i.e., 166) and Menche et al.*® (i.e., 171). Additionally,
both the reported procedures afforded 1,3-syn-aminoalcohol as the major product as

opposed to the diastereomeric 1,3-anti product.
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2.2 Total syntheses of schwarzinicines A (142) and B
(143)

2.2.1 Attempts to synthesize 142 and 143

2.2.1.1 Retrosynthetic analysis

A retrosynthetic analysis of schwarzinicines A (142) and B (143) was carried out and
one possible route is presented in Scheme 2.8. Retrosynthetically, 143 can be
prepared via a reductive amination reaction between formaldehyde (174) and 142.
The C-2-N bond in 142 could be forged through a reductive amination reaction
between ketone 175 and 3,4-dimethoxyphenethylamine (DMPEA, 176). The requisite
precursor 175 could in turn be made from a Grignard reaction between electrophile
177 (bearing an electrophilic functional group (E)) and Grignard reagent 178. The
potential functional groups for making reagent 177 an effective electrophile for
reaction with Grignard reagent 178 include nitrile 177a, aldehyde 177b and Weinreb

amide 177c.
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Reductive OMe OMe
amination
pTY " “OMe OMe
m O

HJ\H
174
MeO MeO
; :I::j\\/E ' :[::1\¢/\
MeO MeO MgBr
177aE =CN 178
177b E = CHO
177¢ E = CONCH4(OCH,)
Scheme 2.8. Retrosynthesis analysis of schwarzinicines A (142) and B (143)
2.2.1.2 First attempt: Grignard reaction based on benzyl nitriles

In the syntheses of schwarzinicines A (142) and B (143), the synthetic route based on
nitrile as the required electrophile to produce the relevant ketone precursor was

., a model reaction was

attempted. Based on the procedure reported by Zhang et a
first carried out between (3,4-dimethoxyphenyl)acetonitrile (177a) and the
commercially available 4-methoxyphenethylmagnesium chloride (179a) (Scheme 2.9),
which unfortunately did not lead to the formation of the desired ketone 180a after

stirring the reaction mixture at room temperature for 23 hours.

MeO R MeO o
Do T, —— 1
MeO MgCl THF MeO O
177a 179a R = OMe R

179b R=H 180a R= OMe
180b R=H

Scheme 2.9. Attempted Grignard reaction between nitrile and Grignard reagents
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Instead, alkane 181 and alcohol 182 (Figure 2.2) were isolated as the
degradation products of Grignard reagent 179a alongside starting material 177a
following purification of the crude reaction mixture. This appeared to suggest that the
Grignard reagent could have been deactivated or have degraded into alkane 181 and
alcohol 182 before use. Thus, the Grignard reagent could not perform a nucleophilic
attack onto the nitrile group. This is also supported by the observation that the thin
layer chromatography (TLC) profile of the supposedly pure Grignard reagent itself
showed the presence of two spots with similar R¢ values to those of the alkane 181

and alcohol 182 isolated.

MeO\©\/\ Me0\©\/\
OH

181 182
Figure 2.2. Alkane and alcohol products of Grignard reagent 179a

Another commercially available Grignard reagent, phenethylmagnesium
chloride (179b) was then used in place of 179a in the reaction with nitrile 177a
(Scheme 2.9). Based on the procedure reported by Fiirstner et al.,**® the reaction
mixture was allowed to reflux for 3 hours prior to workup. Analysis of the TLC after
workup showed the presence of four spots, one of which corresponded to that of the
starting material 177a. The crude mixture was subjected to chromatographic
purification and *H NMR analysis showed that the starting material 177a was indeed
recovered, while the side products isolated have complex *H NMR spectra and could
not be identified. The formation of side products might be attributed to the harsh
reaction condition used. The mild set of reaction condition in which we adapted for
the previous model reaction between nitrile 177a and Grignard reagent 179a (Scheme

2.9) was subsequently reutilized in next trial reaction.
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1., the reaction was

Hence, based on the procedure reported by Zhang et a
carried out under milder condition by stirring the reaction mixture at room
temperature for 26 hours prior to workup. Analysis of the TLC after workup showed a
profile that was similar to that of the previous trial, indicating the presence of spots

due to the starting material 177a along with several side products. It seemed that the

formation of side products was not due to the harsh reaction conditions used.

Weiberth et al.*®* reported that the product yield from reactions between
Grignard reagents and nitriles can be greatly improved by the use of catalytic amount
of copper (I) salts. Therefore, CuBr was used in the subsequent trial as a catalyst and
the reaction mixture was refluxed for 5 hours prior to workup. As with the previous
two cases, the TLC profile of the reaction mixture again showed the presence of
starting material 177a along with four unidentified side products with complex *H
NMR. The synthetic route based on nitrile as the required electrophile was thus far

unsuccessful.

2.2.1.3 Second attempt: Grignard reaction based on benzyl

aldehydes

2.2.1.3.1 Synthesis of 3,4-dimethoxyphenylacetaldehyde (177b): Reduction
of nitrile 177a

The other potential electrophilic functional group that could react with a Grignard
reagent was aldehyde. The alcohol formed from this Grignard reaction could then be
oxidized into the desired ketone intermediate. Since aldehyde 177b was not
commercially available, we attempted to prepare it by reduction of nitrile 177a (Table
2.1). In the first trial (entry 1, Table 2.1), the reaction conditions reported by Henrion

et al.}®?

were used and aldehyde 177b was obtained in 6% vyield. The yield was
unacceptably low considering the fact that it was isolated together with an
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unidentified major side product. It was thought that the addition of
diisobutylaluminium hydride (DIBAL-H) all at once into the reaction mixture might
have caused a rapid increase in the temperature (exothermic reaction) of the reaction

solution, which in turn might have negatively affected the product yield.

Table 2.1. Reduction reactions of nitrile 177a

MeO DIBAL-H MeO
:©\///N :©\/\
MeO CH,Cl, MeO 0

Y

177a 0°C 177b

Entry Method Time (h) Yield (%)
1. I 0.5 6°
2. 1° 0.2 8

*Yield determined based on "H NMR analysis. "DIBAL-H was added dropwise into
the stirring solution of nitrile 177a in CH,Cl,.

In the second trial of the same reaction (entry 2, Table 2.1), DIBAL-H was
added dropwise into a stirring solution of the nitrile 177a in CH,Cl, in an ice bath.
The reaction was worked up after 10 minutes and a product yield of 8% was obtained.
This second attempt has also failed to increase the reaction yield. Alternative
reactions to produce aldehyde 177b in high yield must be considered following the

unsuccessful optimization of reduction of nitrile 177a.

2.2.1.3.2 Synthesis of 3,4-dimethoxyphenylacetaldehyde (177b): Oxidation
of alcohol 183

Another possible route to synthesize the aldehyde precursor 177b is selective
oxidation of 3,4-dimethoxyphenethyl alcohol (183, Table 2.2) using two methods
commonly employed to oxidize primary alcohols to aldehydes, i.e., Ley-Griffith and

Dess-Martin oxidation reactions. The series of reaction conditions used in the attempt
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to optimize the synthesis of aldehyde 177b from oxidation of 3,4-dimethoxyphenethyl

alcohol (183) are presented in Table 2.2.

Table 2.2. Attempted oxidation reactions of alcohol 183

MGOD\/\ MGO:©\/\
MeO OH MeO ~0

Y

183 177b
Entry Method Time (h)
1. 12 6
2. e 0.75
3. 1k 4
4. I\v° 0.5
5. \Y; 24.5
6. VI 3

Methods: 1. CICH,CH,CI, tetrapropylammonium perruthenate (TPAP) (0.08 eq.), 4-
methylmorpholine N-oxide (NMO) (1.5 eq.) and molecular sieves (MS) with addition
of more TPAP (0.16 eq.), NMO (1.5 eq.) and MS after 3 hours at rt; 1l. CH,Cl,, TPAP
(0.15 eq.), NMO (5 eq.) and MS at rt; 1ll. CH,Cl,, TPAP (0.06 eqg.), NMO (1.6 eq.)
and MS with addition of more TPAP (0.09 eq.) and NMO (1.5 eq.) after 2 hours at rt;
IV. CH,Cl,, TPAP (0.1 eqg.), NMO (5 eq.) and MS at rt; V. CH,Cl, and Dess-Martin
periodinane (DMP) (1.2 eq.) with addition of pyridine (11 eq.), water (1.2 eg.) and
acetonitrile (0.5 eq.) after 2 hours at rt; VI. CH,Cl,, DMP (5.5 eq.), pyridine (2.2 eq.)
and water (3 eq.) at rt.

®Reaction workup with 0.1 M Na,S,03 solution, brine and saturated CuSQ, solution.
®Filtration of reaction mixture through Celite without workup.

By using the method adapted from the procedure reported by Griffith et al.,"*
only an unidentified side product was obtained (similar to that previously obtained
from entry 1, Table 2.1) in the first trial (entry 1, Table 2.2). Optimization of the

reaction condition was thus carried out to favour the formation of the desired product.

Subsequently, excess NMO (5 equiv.) as the co-oxidant was used and the
reaction time was substantially reduced (45 minutes) (entry 2, Table 2.2) since it was
thought that a long reaction time (6 hours) in the first trial might have resulted in
decomposition of the initially formed aldehyde product. However, no desired product

was obtained for this trial. Instead, several unidentified side products were isolated
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from the reaction. This suggested that the possibility of decomposition of the

aldehyde due to long reaction time may not be true.

The reaction workup method was then checked to find out if it was the cause
for product decomposition since aldehyde is considered as a relatively reactive
functional group. Thus, the reaction mixture was only filtered through a microcolumn
of Celite without workup at the end of the reaction for the third trial (entry 3, Table
2.2). Again, the desired product was not detected. Instead, several unidentified side
products were obtained after purification. The result, therefore, ruled out the

possibility that the workup method is problematic.

The fourth trial (entry 4, Table 2.2) combined the changes made in the second
and third trials by halting the reaction after a short period of time (30 minutes) and
filtering the reaction mixture through a microcolumn of Celite without workup. No
formation of product was observed in this reaction. This outcome provided further
confirmation that long reaction time and the workup step were not the cause for the

unsuccessful formation of aldehyde 177b.

With the failure to optimize the Ley-Griffith oxidation reaction in the previous
four trials, another oxidation method involving the use of DMP was attempted. The
reaction was first carried out based on the reaction condition reported by Kraus et
al.™® However, after 2 hours, there was little evidence that the desired product was
formed based on TLC (entry 5, Table 2.2). Pyridine, water and acetonitrile were then

added into the reaction mixture since Meyer et al.*®®

reported that water was found to
be able to accelerate the Dess-Martin oxidation reaction. However, the formation of

the product was still not observed after 24.5 hours. Another trial (entry 6, Table 2.2)

56



based on the procedure reported by the same group™® was carried out and formation

of product 177b was also not observed at the end of the reaction.

2.2.1.4 Third attempt: Weinreb ketone synthesis

The third electrophile we used for the Grignard reaction was Weinreb amide. We
started off by synthesizing the relevant Weinreb amides as shown in Scheme 2.10.
The treatment of carboxylic acid 184 with N,O-dimethylhydroxylamine hydrochloride,
EDC and 4-dimethylaminopyridine (DMAP) in CH,Cl, at room temperature afforded
Weinreb amide 177¢.*®%" On the other hand, treatment of phenethylacetyl chloride
(185) with N,O-dimethylhydroxylamine hydrochloride and pyridine in CH,Cl, from

0 °C to room temperature gave Weinreb amide 186 as a model substrate.™®

MeO
© o) a o b 0
> R ome =
MeO OH N cl

177¢ R' = 3,4-Dimethoxyphenyl
186 R' = Ph

Reagents and conditions: (a) N,O-Dimethylhydroxylamine hydrochloride, EDC,

DMAP, CH.Cl,, rt, 21 h, 89%; (b) N,O-Dimethylhydroxylamine hydrochloride,
pyridine, CH,Cl,, 0 °C to rt, 2.5 h, 96%.

Scheme 2.10. Preparation of Weinreb amides 177c and 186

The model reaction first required the preparation of the Grignard reagent 3,4-
dimethoxyphenethylmagnesium bromide (178) from 3,4-dimethoxyphenethyl
bromide (187) (Scheme 2.11) based on the procedure reported by Chuang et al.*®®
This was followed by addition of the Grignard reagent onto Weinreb amide 186 in an
attempt to prepare ketone 188. However, the formation of the desired product was not
detected. Instead, several unidentified side products and a minute amount of 1,4-
bis(3,4-dimethoxyphenyl)butane (189) were obtained based on *H NMR analysis. The

detection of the Grignard reagent coupled product (189) after but not before the
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reaction was carried out, indicated that the Grignard reagent 178 was successfully
formed in the reaction mixture. However, the absence of the desired product
suggested that the reaction between 178 and Weinreb amide 186 did not happen.

m
N/OMe

Me

Mer@\A Mg, DIBAL-H Meom 186 O 0
E— .
OMe
MeO Br THF  Meo MgBr THF O
187 Reflux 178 0°C oMe

188

MeO
O OMe
MeO
OMe
189
A coupled side product

Scheme 2.11. Attempted synthesis of ketone precursor 188

However, when several other Grignard reagents (190a—c) were used in place
of 178 to react with amide 186, the reactions proceeded smoothly in THF at 0 °C to
produce ketones 191a—c (Table 2.3).°° Interestingly, the reaction involving Weinreb
amide 177c and 4-methoxyphenethylmagnesium bromide (190d) was also successful,

giving the desired product 191d in good yield (Table 2.3).

Table 2.3. Weinreb ketone synthesis using different Grignard reagents

@) o)
R pome T R T T RULR?
Me 190a—d 0°C 191a—d
177c or 186 2-5h
R! R® X Yield  Product
(%)
Ph (186) 3,4- Br (178) - Nil
Dimethoxybenzyl

Ph (186) Bn Cl (190a) 59 191a

Ph (186) Et Cl (190b) 62 191b

Ph (186) Ph Br (190c)? 45 191c
3,4-Dimethoxyphenyl 4-Methoxybenzyl  CI(190d) 70 191d

(177c)

®Prepared from benzyl bromide and Mg turnings in THF at room temperature.
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In an attempt to work out a possible explanation of why the reaction involving
3,4-dimethoxyphenethylmagnesium bromide (178) was unsuccessful, the mechanism
previously established for the reaction between a Weinreb amide and an
organometallic reagent was considered (Scheme 2.4).}"3!¥? Based on the proposed
reaction mechanism (mentioned in Section 2.1.2), we postulated that the reason why
178 was unreactive towards the Weinreb amide is because the Mg metal centre in 178
was too strongly chelated to the 3,4-dimethoxy group of another molecule of 178
(Figure 2.3), unlike the usual chelation to ethereal solvent molecules."%1202
Therefore, the crucial metal-chelated intermediate as presented in Scheme 2.4 could
not be formed, thus prevented Weinreb ketone synthesis. A search in the literature has
only showed four previous reports that recorded reactions involving 178,9920%20°
which suggests that this particular Grignard reagent was rarely used in reactions

compared to other Grignard reagents. This could be because 178 is not particularly

reactive and therefore it has very limited uses.

M
eO Me
.0
e Mg: :©\/\
Br 0 MgBr
Me

Figure 2.3. Possible formation of a chelated complex between two molecules of 178

It is worth noting that the reaction involving Weinreb amide 177c, which
consists of the 3,4-dimethoxy moiety, and Grignard reagent 190d was unexpectedly
successful. This may be because the excess Grignard reagent 190d used (4.5 equiv.)
overcame the chelation effect due to the 3,4-dimethoxy moiety present in 177c. In any
case, with the unsuccessful synthesis of ketone 188, it was thought that another

synthetic route to schwarzinicines A (142) and B (143) must be considered.
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2.2.2 Fourth approach to synthesize 142 and 143

2.2.2.1 Retrosynthetic analysis

An alternative retrosynthetic analysis of schwarzinicines A (142) and B (143) is
depicted in Scheme 2.12. Compared to the initial retrosynthetic route (Scheme 2.8),
the requisite ketone precursor 175 would now be constructed from a Claisen

condensation between nitrile 177a and an ester derivative of (3,4-

dimethoxyphenyl)propionic acid (192).

Reductive OMe OMe
amination
TS T oMe OMe

> MeO

Claisen condensation
175

MeOD\/ MeO

> _N +

2

MeO MeO OH
177a

o

192

Scheme 2.12. An alternative retrosynthetic analysis of 142 and 143

Notably, the disconnection in 175 was made at the C-1-C-2 bond in the
alternative retrosynthetic route (Scheme 2.12), while the initial route (Scheme 2.8)
involved a C-2-C-3 bond disconnection. Additionally, nitrile 177a would react as a
nucleophile in Scheme 2.12 (Claisen reaction), whereas in Scheme 2.8, nitrile 177a

would react as an electrophile (Grignard reaction).
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2.2.2.2 Full synthetic route to 142 and 143

Schwarzinicines A (142) and B (143) were successfully synthesized based on the
synthetic route shown in Scheme 2.13. First of all, ester 193 was prepared in excellent

yield via a Steglich esterification®®®

of the commercially available carboxylic acid 192
with EtOH in the presence of EDC and DMAP. Subsequently, ester 193 underwent a
Claisen condensation with nitrile 177a, which was first treated with n-BuLi in THF at

0 °C, to furnish ketonitrile 194.

Hydrolysis of ketonitrile 194 with a mixture of AcOH and concentrated HCI at
60 °C produced the expected amide, which was further hydrolyzed and
decarboxylated in situ after the reaction mixture was diluted with water and refluxed
to furnish ketone 175. It is worth noting that this reaction procedure was adapted from
the one initially reported by Carroll et al.?*” Our initial attempt following the exact
procedure, whereby stirring of ketonitrile 194 in a mixture of AcOH and concentrated
HCI for four days followed by addition of water into the mixture and allowing it to
stand at room temperature for 24 hours, gave the desired amide product in 27% yield,
which was comparable to the reported yield of 25%.%°" Unexpectedly, we also
detected a minute amount of ketone 175 in addition to the amide product, an
observation that was not previously reported by Carroll et al.?*” This inspired us to
optimize the synthetic procedure to favour the formation of ketone 175 by possibly
avoiding long hours of reaction and the need to isolate the amide intermediate. A one-
pot in situ synthetic strategy was eventually devised and it proved to be quite
successful. To our delight, ketone 175 was obtained as the sole product in 61% yield
based on the optimized procedure, i.e., three-hour, one-pot reaction constituting nitrile
hydrolysis cum in situ decarboxylation of ketonitrile 194. Our modified procedure in
the preparation of ketone 175 was superior over the original procedure reported by
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Carroll et al. (two reaction steps, over five days), which only yielded a meagre 13%
overall yield of 175.%" Interestingly, ketone 175 was recently isolated as a natural
product from the leaves of Ficus nota and assigned the trivial name ficusnotin E.**®
To date, only one group has reported the total synthesis of ficusnotin E.?® The
spectroscopic data of our synthetic ketone 175 are in complete agreement with those

reported for ficusnotin E.**®

Finally, a reductive amination reaction'®**# of ketone 175 with NaBH(OAC)s
in the presence of DMPEA (176) furnished 142 in 38% vyield. A second reductive
amination reaction between formaldehyde (174) and 142 in the presence of NaBH3;CN
and AcOH in MeOH provided 143 in 50% yield. NaBH3CN was used instead of
NaBH(OAC)s in the second reductive amination step as the reaction was carried out
under aqueous condition due to the use of formaldehyde (174) solution (37% in water)
and NaBH3CN is known to tolerate aqueous conditions better.

Meo:@\/\( e Meo]ij\/\( o - MeO O o .
e OH e O Meo " Meo ©
MeO 7 MeO T Meo]@\///N O N

\l
N
194

177a
OMe
MeO OMe
c.d ¢} e
B > MeO HN
MeO oM weo O oM
:@\/\ MeO °
175 OMe  \eo NH,
176 142 OMe
OMe
OMe
f o MeO N J
; D
)k MeO

OMe
& C
174

OMe

143

Reagents and conditions: (a) EtOH, EDC, DMAP, CH,Cl,, 0 °C to rt, 2.5 h, 82%; (b)
177a, n-BuLi, THF, 0 °C, 5 min, 23%; (c) AcOH, conc. HCI, 60 °C, 2 h; (d) H,0,
reflux, 1 h, 61%; (e) 176, NaBH(OACc)s, AcOH, CICH,CH,CI, rt, 30 h, 38%; (f) 174,
NaBH3;CN, AcOH, MeOH, rt, 23 h, 50%.

Scheme 2.13. Synthetic route to schwarzinicines A (142) and B (143)
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The *H and *3C NMR data of synthetic 142 and 143 are in complete agreement

with those of the natural compounds,'”

as shown in Figures 2.4-2.7. Both synthetic
142 and 143 were obtained as racemic mixtures and they are optically inactive. This is
consistent with their chiral HPLC profiles with each profile showing two peaks in a
ratio of 1:1. In contrast, chiral HPLC showed natural schwarzinicine A (142) to be a
scalemic mixture (ratio of 4:1), while schwarzinicine B (143) is enantiomerically
pure.*” The chiral HPLC profiles for natural and synthetic 142 and 143 are shown in
Appendix (Figures S13-S16). In short, the first total syntheses of schwarzinicines A

(142) and B (143) via ketone 175 as the key intermediate were accomplished in four

and five steps with overall yields of 4.4% and 2.2%, respectively.
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Figure 2.4. *H NMR spectra of natural and synthetic schwarzinicine A (142) (CDCls, 600 MHz)
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Figure 2.5. **C NMR spectra of natural and synthetic schwarzinicine A (142) (CDCls, 150 MHz)
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Figure 2.6. *H NMR spectra of natural and synthetic schwarzinicine B (143) in (CDCls, 400 MHz)
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Figure 2.7. **C NMR spectra of natural and synthetic schwarzinicine B (143) in (CDCls, 100 MHz)
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2.3 Total synthesis of schwarzinicine F (147)

2.3.1 First attempt to synthesize 147

2.3.1.1 Retrosynthetic analysis

Compared to schwarzinicines A (142) and B (143), the challenge in synthesizing
schwarzinicine F (147) lay in the presence of a benzylic hydroxyl group in the
molecule of 147. The retrosynthetic analysis of 147 is shown in Scheme 2.14.
Retrosynthetically, the C-3—C-4 bond in 147 could be forged by a Grignard reaction
between the aldehyde analogue of 195 and Grignard reagent 196. Amine 195 could be
prepared from a reductive amination reaction between DMPEA (176) and B-ketoester
197, which could in turn be constructed from a Claisen condensation reaction between

carboxylic acid 184 and ethyl potassium malonate (198).

OMe
r : OMe
MeO

MeO 31 MeO 7N o

Reductive amination 195

Ester reduction and . OMe

Grignard reaction 5
147 *
BrMg : :OMe
OMe
196
MeO
e o o MeO
— +
MeO o MeO NH,
Claisen Condensation 176
197
MeO
— m " o Q
MeO OH KOMO/\
184 198

Scheme 2.14. Retrosynthetic analysis of schwarzinicine F (147)
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It was anticipated that this synthetic route would give rise to four
stereoisomeric products, or, in other words, i.e., two pairs of diastereomeric
enantiomers. This route was advantageous as it gave access to both diastereomeric
enantiomer pairs required for confirmation of the structure of natural schwarzinicine F
(147); one of these four stereoisomers was expected to correspond to natural 147,

assuming it to be enantiomerically pure.

2.3.1.2 Synthetic studies to 147

As illustrated in Scheme 2.15, our first attempted synthesis to 147 started with a
Claisen condensation between carboxylic acid 184 and ethyl potassium malonate (198)

in the presence of MgCl, in THF under reflux condition,?*?*

which smoothly
afforded p-ketoester 197 in 87% yield. Reductive amination of 197 with NaBH(OAC)3
in the presence of DMPEA (176) gave amine 195 in 45% yield. The NH group in 195

Lin amine 199 to ensure that it would not

was then protected with a Boc group®
interfere with the subsequent reaction steps. The ethyl ester group in 199 was
smoothly reduced to an aldehyde group in 200 with DIBAL-H.?*? Aldehyde 200 was
then reacted with the Grignard reagent of aryl bromide 201 to yield 202 as a mixture
of four stereoisomers in 68% combined yield. By using chromatographic separation
on silica, the mixture was separated into the two diastereomeric pairs of 202 in 1:1
ratio. Without determining their relative configurations, one of these diastereomeric
pairs was subjected to an N-Boc deprotection step. We intended to only probe the

feasibility of the N-Boc deprotection step, while the relative/absolute configurations

of the final target products if obtained, could be determined at a later stage.
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OMe
o o R Meom . - J/@:oMe
e
KOJ\/U\O/\ MeO. o MeO o™~ MeO HN” O
198 D\)L 197 D\ﬁ MeO 0~
MeO OH MeO NH.

195

184 176
OMe OMe
< O OMe % o)
d OMe
_—
—C% > MeO ( MeO o~

202

Reagents and conditions: (a) MgCl,, THF, reflux, 3 h; 184, CDI, THF, rt, 45 min; rt,
18 h, 87%:; (b) 176, NaBH(OAC)s, AcOH, CICH,CH.CI, rt, 27 h, 45%; (c) Di-tert-
butyl dicarbonate, EtsN, DMAP, THF, rt, 6 h, 68%; (d) DIBAL-H, CH,Cl,, -78 °C, 20
min, 86%; (e) 201, Mg, THF, reflux, 2 h; THF, rt, 1.5 h, 68% for two pairs of
diastereomeric enantiomers.

Scheme 2.15. Synthesis of 202

Attempt to deprotect the N-Boc group in 202 with trifluoroacetic acid (TFA)
as shown in Scheme 2.16 based on the procedure reported by Alonso et al.**
however, vyielded the cyclized products 203a—d (four stereoisomers, Figure 2.8),
rather than the expected stereoisomeric products of 147a—d.

OMe
OMe

< O OMe HN

l OMe MeO ©\0Me

OMe OMe
202 203

OMe

Reagents and conditions: (a) TFA, CH2Cl,, 0 °C to rt, 50 min, 12% for two pairs of
diastereomeric enantiomers.

Scheme 2.16. Attempted N-Boc deprotection of compound 202
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Figure 2.8. The structures of four stereoisomers of 203

The two diastereomeric pairs of enantiomers of 203 were separated using
silica chromatography and the 2D structure of the two racemic diastereomers (i.e.,
203a/203b and 203c¢/203d), as shown in Figure 2.8, was established by HRESIMS,
1D (*H and *C) and 2D (HSQC, COSY and HMBC) NMR data. The NMR data for
both diastereomers are shown in Table 2.4. Since their relative configurations were
not established, the two sets of NMR data were only assigned to ‘Diastereomeric pair
1’ and ‘Diastereomeric pair 2°. As expected, the 'H and *3C spectra for both
diastereomers were significantly different as shown in Figures 2.9 and 2.10. No
further attempt was made to resolve the stereochemical issue of the cyclized products

203 since it is not the aim of the present project.
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Table 2.4. *H (700 MHz) and **C (175 MHz) NMR data of the diastereomers of 203

in CDC|3
Position Diastereomeric pair 1 Diastereomeric pair 2
OH e OH dc
1 3.23m° 32.7 3.34 m 32.7
3.37m 3.46 m
2 3.43m 55.2 3.34m 51.6
3 2.24 q (12.3) 36.5 2.45d (12.1) 34.2
2.76 d (12.1) 2.53td (12.0, 5.7)
4 3.96 dd (12.4,5.7) 45.1 429 m 42.7
1 - 124.2 - 127.9
2' 6.50 S 111.3 6.42 " 112.3°
3 - 147.9° - 148.2°
4 - 147.8° - 149.0°
5' 6.21s 111.9 6.47 " 124.8°
6' - 130.1 - 110.9
1" - 136.8 - 137.7
2" 6.58 d (2.1) 111.3 6.54 d (1.5) 111.4
3" - 147.8 - 147.7°
4" - 148.1 - 148.1°
5" 6.65 m° 111.4 6.70 d (8.3) 111.0
6" 6.65 m° 120.6 6.33dd (8.5,2.1) 1205
1 - 128.8 - 128.8
2" 6.77d (7.9) 111.7 6.71 m° 111.8
3" - 149.1° - 149.2°
4" - 148.9° - 148.2°
5" 6.70 m° 112.0 6.75d (8.7)° 111.5
6" 6.70 m° 120.7 6.71 m° 120.7
" 3.23m? 32.4 3.21t(8.5) 32.2
8" 3.23m° 46.8 3.04m 47.1
3.13m
3-,4-, 357 (3H,s)° 55.7-56.0° 3.71(2x3H,s)*  55.7-56.0°
3", 4" 3.73(3H, s)" 3.79 (3H, s)*
3"-, 4™~ 3.756 (3H, s) 3.81 (3H, s)*
OMe 3.762 (3H, s)" 3.82 (3H, s)*
3.84 (3H, s)* 3.84 (3H, s)*
3.86 (6H, s)*

#°Assignments may be interchanged within each column due to severe or partial
overlapped of signals.
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Diastereomeric pair 1

FK435_3/1H

zg FK435(3) 150819

Diastereomeric pair 2

7.0

6.5

T T T T T T T T T T T T T T T T T
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
Chemical Shift (ppm)

Figure 2.9. *H NMR spectra of the two diastereomers of 203 (CDCls, 700 MHz)
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FK435_2/13C
C13CPD sample FK435(2) (CDCI3) 190819

Diastereomeric pair 1

FK435_3/13C
C13CPD sample FK435(3) (CDCI3) 160819

Diastereomeric pair 2
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Figure 2.10. *C NMR spectra of the two diastereomers of 203 (CDCls, 175 MHz)
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Nonetheless, the cyclization reaction may be explained by the mechanism
proposed in Scheme 2.17. It is envisaged that in addition to the intended N-Boc
deprotection step, the benzylic alcohol function in 202 readily undergoes a
dehydroxylation under acidic conditions. As a result, when 202 was treated with TFA,
the resonance stabilized benzylic carbocation 204 was formed, which was
subsequently trapped by the 3,4-dimethoxyphenyl group that is located at the other
end of the butanoid chain (directed by para-positioned methoxy group). This
eventually gave rise to the N-Boc deprotected cyclized products 203. A similar acid-
mediated cyclization reaction involving 1-(3,4-dimethoxyphenyl)-4-hydroxy-4-(4-
methoxyphenyl)-butan-2-one and polyphosphoric acid, reported previously by

214
l.

Bertolini et al.=, provided support for the cyclization mechanism proposed in

Scheme 2.17.
OMe
OMe —é (0] OMe
A o~
0] N
OMe -H,0
O% ® B @ OMe

MeO
SR C
MeO O OMe g OMe
OMe MeQ_)

OMe
202 (protonated) 204
OMe
OMe

Acid-mediated cyclization HN
N-Boc deprotection

MeO ©\0Me

OMe OMe

203a—d

Scheme 2.17. Postulated mechanism for the conversion of 202 to 203a—d
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Interestingly, the planar structure of 203 possesses an identical C-N skeleton
to two alkaloids, namely, schwarzificusines A (149) and B (150), that were obtained
from the leaves of Ficus schwarzii (unpublished). Specifically, 203 represents the O-

methyl derivative of 149 and 150.

2.3.2 Second approach to synthesize 147

2.3.2.1 Retrosynthetic analysis

Since the first synthetic approach failed to produce isolable schwarzinicine F (147)
due to the presence of the labile benzylic alcohol function, a different synthetic route
was considered. An alternative retrosynthetic analysis to 147 was devised as shown in
Scheme 2.18, featuring a shorter route compared to the first approach.
Retrosynthetically, 147 could be formed by a reductive amination reaction between 3-
hydroxyketone 205 and DMPEA (176). 3-Hydroxyketone 205 could be prepared by
an aldol addition reaction between 3,4-dimethoxyphenylacetone (206) and
veratraldehyde (207). As with the first synthetic attempt, this synthetic plan would

also give rise to four stereoisomeric products.

Aldol addition
205

+
MeOD\/\
MeO NH

176

2

Scheme 2.18. Retrosynthetic analysis of schwarzinicine F (147)
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2.3.2.2 Full synthetic route to 147

As illustrated in Scheme 2.19, the synthesis of 3-hydroxyketone 205 commenced with
an aldol addition reaction between ketone 206 and veratraldehyde (207) using lithium
diisopropylamide (LDA) as a base to afford the desired aldol product 205.2** This was
followed by a reductive amination reaction of 3-hydroxyketone 205 with NaBH3;CN
in the presence of DMPEA (176). MgSO, was added into the reaction mixture to
ensure that the reaction was carried out under anhydrous condition. The reaction
afforded a major (41% vyield) and a minor product (7% yield). Analyses of the
HRESIMS, 1D (*H and **C) and 2D (HSQC, COSY and HMBC) NMR spectroscopic

data suggested the two products to be diastereomeric.

MeO M
oA ——— SO
MeO MeO OMe

206
M
eO H
205
MeO
207
OMe
OMe
b > MeO
MeO O HN” OH
oM
:©\/\ MeO °
MeO NH,
176 OMe

147 (1,3-syn) + 147 (1,3-anti)

Reagents and conditions: (a) LDA, 207, THF, -78 °C, 4.5 h, 47%; (b) 176, NaBH3CN,
AcOH, MgSO,, THF, 0 °C to rt, 23 h, 41% 1,3-syn and 7% 1,3-anti.

Scheme 2.19. Second approach to schwarzinicine F (147)

Based on the work of Haddad et al. (see Section 2.1.3),"®’ the major product
(147a/147b) corresponds to the 1,3-syn-aminoalcohol pair of enantiomers, while the

minor product (147c/147d) corresponds to the 1,3-anti-aminoalcohol pair of
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enantiomers (Figure 2.11). The *H and **C NMR data of natural schwarzinicine F
(147) and the major product (147a/147b) were compared (Table 2.5, Figures 2.12 and
2.13). Although there are many similarities between the NMR data of 147a/147b and
those of natural 147, there are also significant deviations, particularly for the chemical
shifts associated with the butanoid chain (H/C-1-H/C-4). This inferred that

147a/147b is diastereomerically related to natural 147.

1,3-syn isomers
(enantiomers)

1,3-anti isomers
(enantiomers)

Figure 2.11. The structures of the 1,3-aminoalcohol stereoisomers 147a—d
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Table 2.5. *H (700 MHz) and **C NMR (175 MHz) NMR data of natural 147 and
147a/147b in CDCl;

Position Oc
147* 147a/147b 147* 147a/147b
1 2.72 dd (13.8, 6.2) 2.57 dd (13.6, 7.1) 39.3 40.0
2.82 dd (13.7, 7.9) 2.79 dd (13.8, 4.8)
2 3.00m 3.13m? 57.6 60.4
3 1.69 ddd (14.5, 5.8, 2.8)  1.47 dt (14.3, 10.9) 39.0 42.3
1.96 ddd (14.5,8.3,3.2)  1.70 dt (14.3, 2.3)
4 5.07 dd (8.3, 2.8) 4.81 dd (10.6, 2.1) 71.6 75.2
1 - - 130.6 130.6
2' 6.56 d (1.8) 6.55d (2.0) 112.0 112.4
3 - - 149.0 149.0
4 - - 147.78 147.9°
5' 6.70 d (8.1) 6.70d (8.1) 111.2° 111.3
6' 6.54 dd (8.1, 1.8) 6.48 dd (8.1, 2.0) 120.9 121.4
1" - - 138.0 138.0
2" 6.90 br s 6.92s 108.8 108.8
3" - - 148.8 148.8°
4" - - 147.6 147.9°
5" 6.82m 6.81 m° 110.9 110.8°
6" 6.82m 6.81 m° 117.4 117.7
1 - - 131.6 131.9
2" 6.63 d (1.8) 6.75d (2.0) 111.7 111.9
3" - - 149.0 148.8°
4" - - 147.8° 147.6
5" 6.74 dd (8.1) 6.81 m° 111.2° 111.2°
6" 6.60 dd (8.1, 1.8) 6.73d (2.0) 120.5 120.6
e 2.65m 2.73m 35.7 36.4
2.99m 2.89 m°
8" 2.78'm 2.89 m° 48.4 47.9
3.00m 3.13m?
3-,4-, 381s° 3.81¢° 55.8-55.9° 55.8-55.9°
3", 4", 3.85¢ 3.85¢¢
3", 4m- 3.87 3.86 ¢
OMe  3.87¢ 3.88 ¢
3.87 ¢ 3.88 ¢
3.87 ¢ 3.89 ¢
NH 1.67 brs

*IAssignments may be interchanged within each column due to severe or partial
overlapped of signals. *147¢/147d have identical *H and **C NMR data as natural 147.
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Dec18-2014 Fsla6.10.fid
1H- Fsla6

Natural 147

w M A, Py o

FK409(1) 1H 180619
single_pulse

Major product (147a/147b)
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Chemical Shift (ppm)

Figure 2.12. *H NMR spectra of natural schwarzinicine F (147) and 147a/147b in (CDCls, 400 MHz)
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Dec18-2014 Fsla6.12.fid
13 C- Fsla6

Natural 147

\ L [ L ||

FK409(1) 13C 180619
single pulse decoupled gated NOE

Major product (147a/147b)

T e
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Chemical Shift (ppm)

Figure 2.13. *C NMR spectra of natural schwarzinicine F (147) and 147a/147b (CDCls, 100 MHz)
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The racemic mixture 147a/147b was subjected to chiral HPLC resolution.
The chiral HPLC profile displayed two peaks in a ratio of 1:1 (Figure S58 in
Appendix). The enantiomers 147a and 147b were successfully separated through
repeated chiral HPLC isolation (Figures S59 and S60 in Appendix). Subsequently, the
ECD spectra of both 147a and 147b were acquired and as expected, they showed
opposite Cotton effects (Figure 2.14). In addition, the specific optical rotations
obtained for both the enantiomers were opposite to each other ([a]o®> +9 (¢ 0.22,
CHCIs) vs [0]o® —10 (c 0.28, CHCIs)). The experimental ECD spectra of 147a and
147b were compared to those calculated for the 1,3-syn enantiomers (2R,4R and 2S,4S;
Figure 2.14). The absolute configurations of 147a and 147b were therefore

determined as 2R,4R and 2S,4S, respectively.

6 - ——Experimental for 147a
—— Experimental for 147b

4 Calculated for (2R,4R)-147

5 . —— Calculated for (2S,4S)-147
L
% 0 : : : —
a 190 21 230 250 270 290

-2 -

4 -

-6 -

Wavelength (nm)

Figure 2.14. Experimental and calculated ECD spectra of 147a and 147b

On the other hand, comparison of the NMR data of the minor product
(147c/147d) with that of natural 147 revealed that they are essentially identical
(Figures 2.15 and 2.16). Therefore, natural 147 is deduced to assume the 1,3-anti
relative configuration, i.e., natural 147 possesses an absolute configuration that is
identical to either that of 147c or 147d.
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Dec18-2014 Fsla6.10.fid
1H- Fsla6

Natural 147

FK442/7/6
single_pulse

Minor product (147¢/147d)

-t T -~ r1r T~ 1 -~rr° 71~ T ~T1T-~Tr 1 1 Tt T Tt -1t -1 T 1 1T T 1 1 "~ T T "~ T T "~ T "~ T
70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 3.8 36 34 32 3.0 28 26 24 22 20 1.8 1.6 14 1.2
Chemical Shift (ppm)

Figure 2.15. *H NMR spectra of natural schwarzinicine F (147) and 147¢/147d (CDCls 400 MHz)
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Dec18-2014 Fsla6.12.fid
13 C- Fslab

Natural 147

R A I

FK442/7/6 13C 311019
single pulse decoupled gated NOE

Minor product (147¢/147d)

Ju Ll | | l | .
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Chemical Shift (ppm)

Figure 2.16. *C NMR spectra of natural schwarzinicine F (147) and 147¢/147d in (CDCls, 100 MHz)
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To determine the absolute configuration of natural schwarzinicine F (147), the
147c/147d racemic mixture was subjected to chiral HPLC resolution. As expected,
the chiral HPLC profile revealed the presence of two peaks in 1:1 ratio (Figure S61 in
Appendix). In contrast, the chiral HPLC profile of natural schwarzinicine F (147)
showed only one peak indicating that it is enantiomerically pure as a natural
product.*” Through repeated chiral HPLC isolation, the enantiomers 147¢ and 147d
were successfully separated (Figures S62 and S63 in Appendix). The retention time
(tr) of 147d (14.08 min) closely matches that of 147 (14.26 min) (Figure S57 in
Appendix). The experimental ECD spectra of 147, 147c, and 147d were compared to
the calculated ECD spectra for the 1,3-anti enantiomers (2R,4S and 2S,4R; Figure
2.17). The absolute configuration of 147 was therefore determined as 2S,4R, which
corresponds to 147d. Furthermore, the optical rotation obtained for 147d ([a]p?® +19

(c 0.14, CHCIly)) is consistent with that for natural 147 ([o]o> +25 (¢ 0.22, CHCl5)).1"

15 +
—— Experimental for natural 147
—— Experimental for 147c
10 1 Experimental for 147d
—— Calculated for (2R,4S)-147
S Calculated for (2S,4R)-147
L
< = /—\
A .~ S ——— R v
el 190 210 230 250 270 290
-5
-10 -
-15 - Wavelength (nm)

Figure 2.17. Experimental and calculated ECD spectra of natural schwarzinicine F
(147), 147c and 147d
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2.4 Summary

After multiple attempts, schwarzinicines A (142) and B (143) were successfully
synthesized via a 4- and 5-step linear sequence, respectively. The key synthetic steps
include Claisen condensation, nitrile hydrolysis cum in situ decarboxylation and
reductive amination. Even though the first attempted synthesis to schwarzinicine F
(147) was unsuccessful, it unexpectedly afforded the O-methyl derivative of a pair of
previously undescribed diastereomers, i.e., schwarzificusines A and B (149 and 150),
which were recently isolated from the leaves from Ficus schwarzii. This serendipitous
discovery may prove to be useful in future attempts to accomplish the total syntheses
of 149 and 150. The total synthesis of schwarzinicine F (147) was successfully
achieved on the second attempt, employing aldol addition and reductive amination as
key synthetic steps. The absolute configuration of natural schwarzinicine F (147) was
also established (2S,4R) on the basis of chemical correlations, chiral HPLC resolution

and ECD calculations.
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Syntheses of schwarzinicine analogues

3.1 Overview

Having successfully synthesized schwarzinicines A (142), B (143) and F (147), we
now turned our focus to the preparation of various schwarzinicine analogues in the
effort to explore and better understand the SAR around the structure of schwarzinicine
A (142) in promoting its vasorelaxant effect in rat isolated aorta. We have previously
demonstrated that both the Weinreb ketone synthesis and reductive amination are
useful methods in constructing the core skeleton of schwarzinicine alkaloids, as
described in Chapter 2. As expected, both these synthetic methods have been
successfully utilized to synthesize a majority of the schwarzinicine analogues
designed for SAR studies. Other reactions employed for the synthesis and
modification of schwarzinicine analogues include formation and reduction of amide,
quaternization of secondary amine, O-demethylation, reduction of ketone, tosylation

of alcohol and Williamson ether synthesis.

3.1.1 Strategies for analogue design for SAR studies

The structure of schwarzinicine A (142) (Figure 3.1) consists of three aromatic rings
(labelled A, B and C), with each substituted with two methoxy groups at positions-3

and -4. Ring A is connected to the central nitrogen atom via an ethylene (—-CH,CH>-)
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fragment, which when taken together constitute the phenethylamine partial structure.
Rings B and C, on the other hand, are connected with each other via an n-butylene

chain with branching at C-2, which connects to the phenethylamine nitrogen atom.

For the purpose of SAR studies, the structure of schwarzinicine A (142) was
altered in stages/sequentially with the aim to afford a series of synthetic analogues
that possess an array of functionalities or chemical groups, which would enable us to
probe the active pharmacophore and possibly the mode of binding (Figure 3.1). The
analogue design strategies employed in the present study include simplification, chain
extension/contraction, substituent variation, ring variation, structural extension,

isosterism and rigidification.

Simplification
Ring variation

Structural extension
Isosteric replacement

Substitutents variation \/ v OMe

Alkyl chain extension/contraction
Rigidification

Figure 3.1. Possible sites for structural modification of 142

For the simplification strategy, the three aromatic rings A-C in 142 were
removed (in one instance a benzyl group was removed) sequentially to allow us to
investigate the importance of each ring for vasorelaxant activity. The chain
extension/contraction strategy was employed to probe the optimum carbon chain
length between the amine nitrogen and the aromatic rings for vasorelaxant activity.
Substituent variations involving aromatic rings A-C of 142 were carried out whereby

the methoxy groups on the rings were replaced by electron donating, electron

88



withdrawing or neutral chemical groups. This strategy would allow us to determine
the importance of the methoxy groups in 142 for activity as well as discover other
substituents that may alter the activity of the molecule. The aromatic rings A—C were
also replaced with various other heteroaromatic, heterocyclic and carbocyclic moieties

based on the ring variation strategy.

Selected alkyl groups of various lengths and sizes were coupled to the nitrogen
atom present in 142 to extend the structure of the molecule. This strategy has the
benefit of probing for any additional hydrophobic interaction within the binding site.
The importance of the central nitrogen atom for activity was investigated by
substituting it with an isosteric group/atom, i.e., to prepare analogues with similar
structures as 142 but with the absence of the nitrogen atom. Furthermore, the
chemical state of the NH group was varied by means of amide formation, alkylation
and quaternization. This would enable us to probe for the chemical state in which the

amine group in 142 shows optimum interaction with the target site.

For the rigidification strategy, an additional cyclic structure was incorporated
in 142 to restrict the number of rotatable bonds present in the molecule, which thus
reduces the number of conformations that the molecule can adopt. If the molecule is
locked in the correct conformation, the activity/selectivity of the molecule for the

binding site may increase.
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3.2 Preparation of analogues based on Weinreb

ketone synthesis and/or reductive amination

The syntheses of Weinreb amides 177c and 186 and ketone precursors 191a-d were
described in Section 2.2.1.4. In addition to these, numerous other ketone precursors
were prepared based on the Weinreb ketone synthesis approach, while reductive
amination between these ketones and the various primary amines gave rise to a series

of schwarzinicine analogues (Scheme 3.1 and Table 3.1).

In the first part of the synthesis, Weinreb amides 177c and 210a—k were made
from carboxylic acids 184 and 208a—k,"****" whereas Weinreb amides 186 and 210I-
n were prepared from acid chlorides 185 and 209a—c.'®® Subsequently, Weinreb
amides 177c, 186 and 210a—n were successfully coupled with Grignard reagents
190a—d and 211a—c in THF at 0 °C to afford ketones 191a—d and 212a-q,*® which

then underwent reductive amination reaction'®*°

with primary amines 176, 213a-0
and 214a-d, in the presence of STAB and AcOH in CICH,CH,CI at room
temperature to afford the desired analogues 215a—z (except for 215i and 215k),
215za—zr (except for 215zf) and 216a—d (Scheme 3.1 and Table 3.1). Analogues 215i,

215k and 215zf were made from reductive amination between commercially available

ketones 212r—t and amines 176 and 213a (Scheme 3.2 and Table 3.1).
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b (0]

R\AOH —— RQL OMe RK)J\CI

184 R' = 3,4-Dimethoxyphenyl 177c¢ R = 3 4 D|methoxyphenyl 185R'=

208a R' = Cyclohexyl 186 R' = 209aR’'= Me

208b R' = Cyclopropyl 210aR' = Cyclohexyl 209b R' = PhCH(C,Hs)
208c R = 2-Naphthyl 210b R' = Cyclopropyl 209¢c R = 4-CIPh

208d R' = 3-Benzothienyl
208e R' = 2-Thienyl 210d R' = 3-Benzothieny
208f R = 2-(2-Furyl)ethyl 210e R = 2-Thienyl
208g R: = 1-Boc-2-pyrrolidinyl 210f R = 2-(2-Furyl)ethyl
208h R1 PhCH,CH,CH;, 210g R" = 1-Boc-2-pyrrolidinyl
208i R =PhCH(OCH,) 210h R = PhCH,CH,CH,
Zgzij{R1==3;:1_|-_l(\)/:elthylened|oxypheny| 210i R" = PhCH(OCHs)
Y 210j R! = 3,4-Methylenedioxyphenyl
210k R" = 4-Tolyl
2101 R" =
210m R' = PhCH(C,Hs)
210n R = 4-CIPh

210c R = 2-Naphthy!

R2 > MgX
190a R?=Bn, X = ClI
190b R? = Et, X = CI
190c R?= Ph, X = Br c
190d R? = 4-OMeBn, X = Cl
211a R?= Me, X = Br
211b R%?=Et, X =Br R3

211c R2=Bn, X = Br v J/
\i/ ;
R! R? 3
R\/\ R1 R2
191aR'=Ph, R2= Bn NH, A

191b R' = Ph, R? = Et
191¢c R'=Ph, R2= Ph

Y
I
p2

176 R® = 3,4-Methoxyphenyl 215a—z (except 215i
213aR%=Ph and 215k),

3_ 215za-zr (except 215zf)
191d R'= 3,4-Dimethoxyphenyl, 213b R*=Me
R2 = 4-OMeBn 213c R® = 1-Cyclohexenyl or
3=
212aR' = Me, R?= Bn 213dR = CN iR
212b R' = Cyclohexyl, R? = Et 213e R = Cyclohexyl R _re
212¢R' = Cyclopropyl, R2 = Et 213f R° = 1-Piperidinyl
212d R' = 2-Naphthyl, R? = Et 213g R® = 4-Morpholinyl 216a—d

213h R® = 2-Pyridyl
213i R = 4-Imidazoly!
213j R® = 3-Indolyl
213k R3 = PhCH,CH,
2131 R3 = Ph,CH
213m R3 = 4-OMePh
213n R® = 4-OHPh
2130 R® = 4-FPh

212e R' = 3-Benzothienyl, R? = Et
212f R" = 2-Thienyl, R? = Et

212g R' = 2-(2-Furyl)ethyl, R? = Me
212h R' = 1-Boc-2-pyrrolidinyl, R? = Et
212i R" = PhCH,CH,CH,, R? = Et
212j R" = PhCH,CH,CH,, R? = Me
212k R' = Me, R?> = Ph

2121 R" = PhCH(C,Hs), R? = Bn
212m R' = PhCH(OCHy), R2 =Bn R‘LNH
212n R! = 3,4-Methylenedioxyphenyl, 2
R? = Et 214a R* = Cyclopenty!

214b R* = Cyclopropyl!
214c R* = Exo-2-norborny!
214d R* = 2-Indany!

2120 R' = 4-Tolyl, R% = Et
212p R' = 4-CIPh, R? = Et
212q R' = 4-CIPh, R? = Bn

Reagents and conditions: (a) N,O-Dimethylhydroxylamine hydrochloride, EDC,
DMAP, CH,Cl,, rt; (b) N,O-Dimethylhydroxylamine hydrochloride, pyridine, CH,Cl,,
0 °Cto rt; (c) THF, 0 °C; (d) NaBH(OACc)3, AcOH, CICH,CHCI, rt.

Scheme 3.1. Synthesis of schwarzinicine analogues based on Weinreb amides
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For rigidification strategy, we aimed to reduce the number of rotatable bonds
in schwarzinicine A (142) to potentially lock it in its active conformation for
improved potency. With that in mind, compound 203 as described in Section 2.3.1.2
appeared to be a perfect candidate as it consists of an aminotetralin structural skeleton,
in which the butanoid chain connecting rings B and C is more conformationally
restricted due to a reduction in the number of rotatable bonds. However, the poor
reaction yield obtained for 203 has hindered the pharmacological evaluation of its
vasorelaxant effect. We decided to look for alternatives to 203 where the designed
molecules should have high structural similarity to 203 and can be easily prepared.
As a result, 216d, 217a, 217b and 218 were designed and synthesized. Analogues
217a, 217b and 218 were made from reductive amination between commercially

available ketones (212u and 212v) and amines (213a and 214d) (Scheme 3.2 and

Table 3.1).
R3
o a HNJ/
1 2 3 —_— 1 2
R\)k/R * R\/\NH2 R\)\/R
212r R" = n-Hexyl, R2=H 176 R3 = 3,4-Methoxyphenyl 215i, 215k, 215zf,
212s R, R2=H 213aR%=Ph 217a, 217b

212t R' = 3,4-Methoxyphenyl, R 2= H Cb\ and
212uR", R? = @[ NH, H
5 214d @O/
%,
212vR' R?= % 28

Reagents and conditions: (a) NaBH(OACc)3, AcOH, CICH,CH,CI, rt.

Scheme 3.2. Synthesis of schwarzinicine analogues based on reductive amination

between commercially available ketones and amines
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Table 3.1. List of schwarzinicine analogues synthesized based on Schemes 3.1 and

3.2
Compound R! R? R® R* Yield
2158. MSOD\ Meo\©\/ MSOD\
MeO N - MeO ¥
215b Ph Bn Ph
215c¢ Ph Bn Me
215d Me Bn Ph
215e Ph Et Ph
215f Ph Et O\
s
2159 O\ Et Ph
5
215h Et Ph
ANG y
215i® n-Hexyl Et Ph
215j Ph Et CN
215k" H H MeOD\
MeO ,4"
215l O\ Et O\
> s
=L i} L
> >
215n O\ Et G
¥ Ny
2150 Ph Et
N\;e
215p Ph Et @
N
d
215q Ph Et N
N7
215r Ph Et HNAN
\_g&r
215s Et Ph
s
215t Ph Et H
g
oY
215u S Et Ph
Qv
o
215v N Et Ph
Ba
215w Me Ph
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Compound R! R? R® R* Yield
215x / Me
@Va CL
5
215y / Me
@va
215z Et
Be
Boc
215za Ph Et
215zb ©\/\/ Et
2,
215zc O\/\/ Me
Z,
215zd Ph Ph
215ze Me Ph
215zf° Meo]@\ H
MeO y«f
21529 Ph Et
215zh Bn
=,
215zi Bn
ks
OMe
215z Ph Et
215zk <Oj©\ Et
O o
215z1 \©\ Et
>
215zm Ph Et
215zn Ph Et
215z0 \©\ Et
>
215zp C|\©\ Et
¥
215zq C|\©\ Et
¥
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Compound R! R? R® R* Yield
(%)

215zr CI\@\HE Bn F\©\; 61

216a Ph Et 22

216¢ Ph Et 22

216b Ph Et &; 60

216d Ph Et mg 20

217a" @:2 Ph 11
§

2170° 5 Ph 78
L

218" E:/i% mg 11

®Reaction between 4-undecanone (212r) and phenethylamine (PEA, 213a). "Reaction
between acetone (212s) and DMPEA (176). “Reaction between 3,4-dimethoxyphenyl-
acetone (212t) and 176. “Reaction between 2-indanone (212u) and 213a. *Reaction
between B-tetralone (212v) and 213a. "Reaction between 212v and 214d.

3.3 Attempted O-demethylation of schwarzinicine

analogue 215a

For the aromatic substituent variation strategy, we wished to replace the aromatic
methoxy groups in 142 with hydroxyl groups to investigate the potential role of
hydrogen bonding in the vasorelaxant activity. A hydroxyl group can participate in
binding interaction as both hydrogen bond donor and acceptor, while a methoxy
group can only act as a hydrogen bond acceptor. In addition to analogue 215zm,
which bears an aromatic hydroxyl group, it was desirable to prepare analogues with
more aromatic hydroxyl groups. Schwarzinicine A (142) and analogue 215a, which
has six and five aromatic methoxy groups, respectively, appeared to be the obvious

candidates for O-demethylation.

95



O-Demethylation was first performed on analogue 215a (Table 3.2). Our first
choice of reagent for this purpose was BBr3, which is one of the most commonly used
dealkylating reagents.”> However, the unavailability of the BBr; (prohibited to be
brought in by suppliers) at our lab forced us to switch to the less reactive variant
BCl3.2*>#'® Using a similar procedure reported by Land et al.,**" compound 215a was
treated with BCl; in CH,CIl, (entry 1, Table 3.2). Subsequent workup and
chromatographic purification of the reaction mixture gave recovered starting material
with no trace of the desired product being detected. The failure to O-demethylate

analogue 215a with BCl; prompted us to seek an alternative method.

Table 3.2. O-Demethylation of analogue 215a

215a 219
Entry Method Time Yield (%)
1. I 72 h 2
2. [ 20 min 22"

Methods: I.CH,Cl,, BCls (9.7 equiv.) at rt; Il. Pyridine hydrochloride (20.6 equiv.),
microwave irradiation at 200 °C.
3Starting material was recovered. "Decomposition was observed on storage.

In the search for an alternative strategy, we were attracted to a report by

.2 that described O-demethylation of methyl aryl ethers using pyridine

Kulkarni et a
hydrochloride in solvent-free conditions and under microwave irradiation. The very
short reaction times reported attracted our attention the most. Based on the reported

procedure, analogue 215a was mixed with neat pyridine hydrochloride and the

mixture was subjected to microwave irradiation at 200 °C for 20 minutes (entry 2,
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Table 3.2). Subsequent workup and chromatographic purification of the crude product
on silica yielded O-demethylated product 219 (based on inspection of its *H NMR
spectrum). Unfortunately, analogue 219 decomposed rapidly and within days its *H
NMR spectrum became unrecognisable when compared to the spectrum of the fresh
sample (Figure 3.2). It was previously reported that catecholamines are generally
unstable compounds, i.e., they are prone to rapid oxidation especially under neutral
and alkaline conditions.?*?* Since it did not appear to be practical to prepare stable
O-demethylated analogues for bioactivity assessment, the synthesis of other O-

demethylated schwarzinicine analogues were not further attempted.
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Figure 3.2. *H NMR spectra of fresh and decomposed 219 (CD3;0D, 400 MHz)
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3.4 Attempted preparation of schwarzinicine A
isostere (220)

We were interested to find out the effect of substituting the central nitrogen atom in
142 with an oxygen atom on activity. Oxygen is a classical isostere of nitrogen. Thus,
we designed and attempted to synthesize the ether isostere analogue 220. A
retrosynthetic analysis of 220 resulted in two possible routes being proposed and they

are shown in Scheme 3.3.

Williamson ether synthesis was applied in both synthetic routes for the final
reaction step. In the first route (in red), the secondary alcohol 221 would undergo
etherification with (2-bromoethyl)benzene (222) to form ether 220. On the other hand,
in the second route (in blue), phenethyl alcohol (223) would undergo etherification
with compound 224 to form the target molecule. The tosylated derivative 224 was

used instead of 222 since hydroxyl is generally a poor leaving group.??%?%

Q.. K S

222 o\,,wnliamson ether 223
— -~~~ synthesis
+ @ : +
O OH O o

220

:s—< >—
® O
221 O

224

Scheme 3.3. Retrosynthetic analysis of ether 220
3.4.1 First attempt

With ketone 191a in hand (Scheme 3.1), we could prepare alcohol 221 from a ketone
reduction step. Thus, ketone 191a was reduced with NaBH, in EtOH at 0 °C to give

alcohol 221 in 83% yield (Scheme 3.4).7%*
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O 0 . O OH
EEE—
C C
191a 221
Reagents and conditions: (a) NaBH,4, EtOH, 0 °C, 1.5 h, 83%.
Scheme 3.4. Reduction of ketone 191a
The etherification of alcohol 221 with bromide 222 (Scheme 3.5) was
performed based on the procedure adapted from Ouyang et al.”*® Excess NaH (12
equiv.) was first used to generate alkoxide ion from alcohol 221. However, recovery
of the starting materials of alcohol 221 and bromide 222 from the reaction mixture
following workup and chromatographic purification appeared to suggest that the

alkoxide ion was not successfully generated in the reaction due to unknown reasons.

OH NaH 0
* ©\/\
& s B
222 rt to 60 °C

221 220

Scheme 3.5. Attempted etherification of alcohol 221

3.4.2 Second attempt

After the unsuccessful first attempt, we turned our attention to the second proposed
synthetic pathway (Scheme 3.3, in blue), whereby commercially available primary
alcohol 223 would be converted into its alkoxide, which would then react with
compound 224 to give the target compound. Thus, alcohol 221 was smoothly

converted into tosylate 224 in 78% yield (Scheme 3.6).2%°
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221 224

Reagents and conditions: (a) p-Toluenesulfonyl chloride, EtsN, DMAP, CH,Cl;, rt, 18
h, 79%.

Scheme 3.6. Tosylation of alcohol 221

In the next reaction, NaH was used to generate the alkoxide ion of alcohol 223,
which was then allowed to react with 224 (Scheme 3.7) in situ based on the procedure
reported by Granander et al.??’ Disappointingly, the expected product 220 was not
detected. Instead, a side product identified as alkene 225 (based on *H NMR analysis)

was isolated from the reaction upon workup and chromatographic purification.

NaH O o

THF

O°Ctort
224 220

Y

225
Side product

Scheme 3.7. Attempted etherification of alcohol 223

We hypothesized that the formation of alkene 225 could follow the E1 and/or
E2 reaction pathways.??® The postulated mechanisms are presented in Scheme 3.8. In
the E1 pathway (in red), the departure of the tosylate group in 224 results in the
formation of the secondary carbocation 226. A hydride shift then ensues to produce
the resonance stabilized benzylic carbocation 227. In the last step, either the hydride
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ion from NaH or alkoxide 228 abstracts the proton that is adjacent to the carbocationic
centre to afford 225 as the unwanted product. In the E2 pathway (in blue),?*® the
hydride ion from NaH or alkoxide 228 abstracts the benzylic proton, which triggers a

concurrent elimination of the tosylate group to give 225.

E1 reaction

Scheme 3.8. Proposed mechanisms for the formation of 225

In any case, the formation of the desired product 220 via an Sn2 displacement
reaction between 224 and alkoxide 228 (Scheme 3.9) had been overridden by the
elimination reactions.?®® Therefore, optimization of the reaction conditions to favour

the Sn2 displacement reaction should be sought in due course.
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SN2
displacement

-
Y

PP

220

Scheme 3.9. Unsuccessful formation of 220 via Sy2 mechanism

3.5 Preparation of N-substituted schwarzinicine

analogues

3.5.1 N-Alkylation of analogue 215b

Other than preparing analogues containing different chemical groups associated with
the three aromatic moieties in 142, it was also desirable to probe analogues that
incorporate additional alkyl chains of various lengths. The secondary amine nitrogen

atom in analogue 215b provides a convenient site for alkylation.

In the first step of the process as shown in Scheme 3.10, the treatment of
amine 215b with acid chlorides 185, 229a and 229b in the presence of EtsN in
CH,Cl, at 0 °C gave the respective amides 230a—c in high yields.?*" Reduction of
amides 230a—c using LiAlH4 in THF, from 0 °C to reflux, afforded tertiary amines

231a-c, respectively.?*?

S

R—
HN > N — N
RCOCI

185 R = Bn O
229a R= Me
215b _ -
229b R = Cyclopropyl 230a R = Me 231aR=Me
230b R = Cyclopropyl 231b R = Cyclopropyl
230c R=Bn 231c R=Bn

Reagents and conditions: (a) EtsN, CH,Cl,, 0 °C; (b) LiAlH,, THF, 0 °C to reflux.
Scheme 3.10. N-Alkylation of analogue 215b
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3.5.2 Quaternization of amines 215b and 217b

It was desirable to determine the effect of having a permanent positive charge on the
nitrogen atom on activity. As a result, quaternization of the selected amines 215b and
217b with Mel and K,CO; in EtOH at room temperature led to the formation of
quaternary ammonium salts 232 (Scheme 3.11) and 233 (Scheme 3.12),

respectively.?

PR —

215b 232

Reagents and conditions: (a) Mel, K,COs, EtOH, rt, 24 h, 44%.

Scheme 3.11. Quaternization of amine 215b

$ o7
U T 0= "0
217b 233

Reagents and conditions: (a) Mel, K,COs, EtOH, rt, 24 h, 83%.
Scheme 3.12. Quaternization of amine 217b

The structures of both ammonium species 232 and 233 were determined based
on 'H and *C NMR data. However, the HRESIMS data did not show the molecular
ion peaks for 232 and 233 (m/z 358.54 and 280.43, respectively) (Figures 3.3 and 3.4).
It was proposed that the ammonium species 232 and 233 fragmented via several
Hofmann elimination pathways, which explains the absence of the expected

molecular ion peaks. 4%
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Figure 3.3. HRESIMS spectrum for compound 232
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Figure 3.4. HRESIMS spectrum for compound 233
Fragmentations of the ammonium salt 232 produced three major daughter ion
species detected at m/z 150, 254 and 344 (Figure 3.3), which were due to the three
different Hofmann elimination pathways shown in Scheme 3.13. The fragment ion
observed at m/z 150 was due to N,N-dimethyl-2-phenethanamine (234), while the
fragment ions observed at m/z 344 (235) and 254 (236) were due to the loss of CHj

and phenethyl (CgHo), respectively.
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- - 232 B 235
CoeHzoN CosHagN + H*
m/z 358.54 (not observed) m/z 344.23623

- CieHi7 l
H+
B_/—h H*
L -CBHQ \N/
~ | —_—

N
|
234 O
CioH1sN + H 236

m/z 150.12773 CygHasN + H*
m/z 254.18987

Scheme 3.13. Proposed mass fragmentation pathways of ammonium salt 232

As with the case of 232, the ammonium salt 233 went through similar
fragmentations to give three major daughter ions at m/z 150, 176 and 266 in
HRESIMS (Figure 3.4 and Scheme 3.14). The fragment ion observed at m/z 150 was
also due to N,N-dimethyl-2-phenethanamine (234), while the fragment ions observed
at m/z 266 (237) and 176 (238) were due to the loss of CH3; and phenethyl (CgHo),

respectively.

CF0| a0 = oot

233 237
Ca0Ha6N CygHpgN + H*
- CyoH14 m/z 280.43 (not observed) m/z 266.19032

H* B .
| H | 1H
@N/ b - CgHg N ~
N —
) T

234 238
C10H15N +H* CyoHy7N + H*
m/z 150.13049 m/z 176.14556

Scheme 3.14. Proposed mass fragmentation pathways of ammonium salt 233
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3.6 N-Boc deprotection of schwarzinicine analogue
215z

With analogue 215z in hand (Scheme 3.1, Table 3.1), we felt that it would be
instructive to consider the effect of the N-Boc deprotected pyrrolidine moiety on the
vasorelaxant activity. By employing the procedure adapted from Davis et al.,?* the
diastereomeric mixture of 215z, which was inseparable by centrifugal radial TLC
from the previous reaction, was treated with TFA in CH,Cl, to afford the

diastereomeric mixture 239 (Scheme 3.15).

SN A
LY :
o,
215z 239

Reagents and conditions: (a) TFA, CH,Cl,, rt, 3 h, 48%.
Scheme 3.15. N-Boc deprotection of 215z

The diastereomeric mixture 239 was successfully separated using centrifugal
radial TLC to yield two enantiopure amines with the absolute configurations 1'S,2S
(239a) and 1'S,2R (239b) as shown in Figure 3.5. The planar structures of the two
diastereomers of 239 were confirmed by HRMS, 1D (*H and **C) and 2D (COSY,

HSQC and HMBC) NMR data.
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239a 239b
(1'S,2S) (1'S,2R)

Figure 3.5. The structures of the two diastereomers of 239

The spectroscopic data of the two diastereomers of 239 were compared and
shown in Table 3.3. It is apparent that the 'H and *C NMR spectra of the two
diastereomers of 239 are different as shown in Figures 3.6 and 3.7. Unfortunately, the
specific identity of the two isolated diastereomers of 239 could not be assigned with
certainty due to insufficient useful NOESY data as well as the unavailability of
suitable crystals for X-ray diffraction analysis. Therefore, they are designated as
‘diastercomer 1 of 239’ and ‘diastercomer 2 of 239’ in this section for ease of

reference.
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Table 3.3. 'H (700 MHz) and **C (175 MHz) NMR data of the two diastereomers of
239 in CDCls

Position OH Oc
Diastereomer 1 Diastereomer 2 Diastereomer 1 Diastereomer 2
1 1.27 m* 1.47 m® 34.7 40.3
2 2.84 m° 3.02m 57.6 57.8
3 1.27 m? 1.27 m" 35.8 32.4
2.84 m° 1.84 m
4 1.27 m* 1.27 m" 18.7 18.8
5 0.91t(7.3) 0.881t(7.1) 14.1 14.4
1' 3.72m 2.59m 59.5 56.9
2! 1.50 dtd (12.7, 1.27m° 31.2 31.8
7.1,5.0)
2.06 dq (13.0,
7.4)
3 1.82m 1.69 m 23.7 24.9
4 2.57 dt (11.6, 2.78 m° 43.1 46.1
7.6) 2.91 m
2.84 m°
1" - - 139.2 140.2
2" 6" 7.23m° 7.21m° 128.9° 128.8?
7.33m° 7.29 m°
3" 5" 7.23m° 7.21m° 128.7° 128.4
7.33m° 7.29 m°
4" 7.23m° 7.21m° 126.7 126.1
7" 1.61m 1.47 m® 35.7 36.6
2.84 m° 2.78 m°
8" 2.84mP 2.78 m° 46.1 48.1
3.13dt (11.1, 2.91 m*
5.7)

#*Assignments may be interchanged within each column due to severe or partial
overlapped of signals.
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Figure 3.6. *H NMR spectra of the two diastereomers of 239 (CDCls, 600 MHz and 400 MHz)
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Figure 3.7. **C NMR spectra of the two diastereomers of 239 (CDCls, 150 MHz and 100 MHz)
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3.7 Summary

A total of 51 schwarzinicine analogues (215a-z, 215za—zr, 216a—d, 217a, 217b and
218) were successfully synthesized based on the application of Weinreb ketone
synthesis and reductive amination as the key synthetic methods. Three N-alkyl
analogues (231a—c) were synthesized based on the formation and subsequent
reduction of amides. Analogues 232 and 233 were prepared from quaternization of
amines 215b and 217b, respectively. Diastereomers 239a and 239b were obtained
from N-Boc deprotection of 215z. All the synthesized analogues were assessed for

their vasorelaxant effects in rat isolated aorta using organ bath assay.
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A

Pharmacological evaluations and SAR studies of
schwarzinicine  alkaloids and  synthetic

analogues

4.1 Overview

As mentioned in Chapter 1, schwarzinicine A (142) was initially found to exhibit
promising and selective vasorelaxation in Sprague Dawley (SD) rat isolated aorta.
The results have prompted us to investigate the SAR around the structure of
schwarzinicine A (142) with the aim to further develop it into a useful cardiovascular
agent. In this chapter, we report the relaxant responses and ability of schwarzinicines
A-D (142-145), synthetic schwarzinicine F (147) and various other synthetic
analogues to inhibit PE-induced contraction on SD rat isolated aorta using organ bath
technique. The vasorelaxant activities for a few selected compounds evaluated on

spontaneously hypertensive rat (SHR) isolated aorta are also presented.

4.1.1 Organ bath assay

Organ bath assay remains as an important pharmacological method to investigate the
effects of applied drugs or compounds on the contraction or relaxation ability of
isolated smooth muscle tissues such as vascular, airway, bladder and gastrointestinal

tract. A typical organ bath setup is depicted in Figure 4.1.
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Figure 4.1. Organ bath setup adapted from Jespersen et al.**°

It is useful to construct a concentration-response relationship for a compound
using the tissue of interest so that the potency and efficacy of the compound can be
assessed and quantified. Since the tissue is functioning as a whole in the organ bath
study, this technique delivers a direct measurement of smooth muscle contraction or
relaxation in an isolated system. This technique essentially provides a good idea of
how the examined compounds would function in the body as a whole.?*® Such results
are important in drug development especially during the lead optimization stage as the
discovery of a drug with high potency, efficacy and selectivity towards a target tissue

is one of the ultimate aims of any drug discovery programme.

4.1.2 Rationale for selecting rat aortic tissue for organ bath

assay

The aorta is the main and largest artery in the human body. It comprises of vascular
smooth muscle cells that ensure the blood vessels contract and relax in a way that
blood circulation is well regulated.?® It is increasingly recognised that arterial

stiffening is closely associated with resistant hypertension.?*®
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There are three major advantages that contribute to the wide use of rat aortic
tissue in investigating vascular smooth muscle response. Firstly, the aorta is perceived
to reflect the blood vessel contraction and relaxation mediated by vascular smooth
muscle. Secondly, the aortic tissue from an animal model such as rats is relatively
easy to handle and isolate, giving reproducible and dependable responses in in situ
and in vitro assays.?*?*° Lastly, the length of the aorta isolated from a rat is long
enough to be divided into many segments, meaning fewer animals are needed to be

sacrificed for testing of a large number of compounds.

4.1.3 Laboratory rats

Laboratory rats are domesticated rats of the species Rattus norvegicus used for
scientific research.?* With their uses in physiological research dates to as early as
1909, laboratory rats are recognised as a preeminent biomedical research animal
model, notably in aging studies, behaviour and neuroscience, toxicology, oncology,
and common human diseases such as diabetes and hypertension.?**?*> Compared to
other animal models such as rabbits and dogs, laboratory rats are relatively low in cost,
high in availability, relatively easy to handle and maintain, making them popular to be

used as animal research models.?*?

The two types of rats used in this study are Sprague Dawley (SD) rats and
spontaneously hypertensive rats (SHRs). SD rats are an outbred breed first produced
by a cross between a hooded male hybrid of unknown origin and an albino Wistar
female rat in 1925.2** They are one of the most widely used and versatile animal
models in medical and nutritional research such as aging, neuroscience, metabolic

syndrome, toxicology, oncology and hypertension.?*?**% |n recent hypertension
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research, SD rats are particularly used as experimental models in investigating the

vasorelaxant effects of plant extracts and natural products in rat isolated aorta.?**2*3

In contrast, SHR was reported much later than SD in the 1960s by Okamoto et
al., who successfully inbred Wistar rats with high blood pressure.®* The SBP in
SHRs ranges from 180-200 mmHg at 25 weeks of age.?* At that time, SHRs start to
develop characteristics of cardiovascular disease, such as cardiac hypertrophy, cardiac
failure and renal dysfunction, making them a suitable model for the study of
cardiovascular diseases.?*® SHR is also used as an animal model of established human
hypertension such as the study of hypertension-induced changes in signalling

mechanisms®*® and testing of new antihypertensive medications.*>"?*®

4.2 In vitro vasorelaxant activity of schwarzinicines
A-D (142-145) and F (147d) on SD rats

Schwarzinicines A-D (142-145), synthetic schwarzinicine F (147d) and the positive
controls, i.e., dobutamine and verapamil (18), were assessed for their vasorelaxant
activity in aortic rings isolated from adult male SD rats by using the organ bath
technique.’™ As shown in Table 4.1, all the compounds tested showed concentration-
dependent relaxations. For ease of discussion, compounds promoting 50% relaxation
at low concentration (ECsop < 5 uM) and with good efficacy (Emax > 90%) were
regarded as good relaxants.?® Ethical approval was obtained prior to the commence

of the study on SD rats (see Section 6.3.2 and Appendix).
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Table 4.1. Vasorelaxant activity of dobutamine, verapamil (18), schwarzinicines A-D
(142-145) and synthetic schwarzinicine F (147d) in rat isolated aortic rings pre-
contracted with PE (0.1 puM)

Compound n ECso® (uM) Emax’ (%0)
Dobutamine 5 250+1.11 92.0 £5.0%
Verapamil (18) 5 0.21 £ 0.09* 103.5 £ 4.5*
6° 2.01+0.67 119.3 36"
6° 2.34 +0.52° 119.0 + 4.4°
J/©[°Me 5¢ 0.96 + 0.25° 106.0 + 1.5
MeO O \N
OMe
MeO
O oMo 6° 1.19 £ 0.23° 106.3 + 3.8°*
Schwarzinicine B (143)
O,
f@ )
(e}
Meo O HN 6 1.88 + 0.64 120.4 + 4.2
OMe
MeO
O OMe
Schwarzinicine C (144)
OMe
>
© 6 2.10£0.35 116.1+3.6
MeO O HN
MeO OMe
O OMe
Schwarzinicine D (145)
5 5.89 +3.22 107.1+5.7

MeO
D
MeO

OMe

OMe
( : OMe
OH

OMe

Synthetic schwarzinicine F (147d)

®cach value represents mean =* standard error of the mean (SEM) of (n)
determinations. °Natural 142. °Synthetic 142. “Natural 143. °Synthetic 143.
*Significantly different from natural 142 (p < 0.05).
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Due to the lack of material, the vasorelaxant activity of natural
schwarzinicines E—G (146-148) could not be assessed. Since synthetic schwarzinicine
F (147d) was available, its vasorelaxant activity was determined instead. Broadly, all
the schwarzinicine compounds tested were effective at inhibiting PE-induced
contraction (Emax = 105-120%) with very similar potency (ECsp = 0.96-5.89 puM)

(Table 4.1 and Figure 4.2a).
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Figure 4.2. Vasorelaxation induced by (a) natural schwarzinicines A-D (142-145)
and synthetic schwarzinicine F (147d); (b) natural and synthetic schwarzinicines A
(142) and B (143); (c) schwarzinicine A (142), dobutamine and verapamil (18), in rat
isolated aortic rings pre-contracted with PE (0.1 uM). Each point represents mean +

SEM of (n) determinations.

It was worth noting that no significant difference in activity was observed
between the natural and synthetic versions of schwarzinicines A (142) and B (143)

(Table 4.1 and Figure 4.2b).
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The vasorelaxant activity of natural schwarzinicine A (142), which is regarded
as the lead compound in the present study, was also compared to those of the positive
controls, i.e., dobutamine and verapamil (18) (Table 4.1 and Figure 4.2c). As with the
schwarzinicine alkaloids, both dobutamine and verapamil are phenylalkylamine
vasorelaxant agents. The potency of 142 was comparable to that of dobutamine but
was about 10-fold weaker than that of verapamil (18). However, 142 produced higher
relaxation than both dobutamine and verapamil (18) by 27% and 16%, respectively

(Table 4.1 and Figure 4.2c).

4.3 In vitro vasorelaxant activity of synthetic

schwarzinicine analogues

With the confirmation of in vitro efficacy of the schwarzinicine alkaloids, we
proceeded to evaluate the vasorelaxant activity of several series of synthetic
schwarzinicine analogues, prepared based on the analogue design strategies described
in Section 3.1.1. The results, including those of 3,4-dimethoxyphenethylamine

(DMPEA, 176), are shown in Table 4.2.
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Table 4.2. Vasorelaxant activity of various analogues in rat isolated aortic rings pre-
contracted with PE (0.1 puM)

ompound n ECs* (M)  Ema’ (%) ompound n ECse® (uM)  Epad (90)
MeO. J MeO. J
:‘\/k/y\‘:o 281+202 97.0+23* )\/\/\‘om 7 0.36+0.10¢ 96.8+6.4*
MeO O MeO' O
OMe OMe
147a 147b
OMe
J/@om OMe
MeO.
O MM e 6 3.84+096 123.0+4.3 . e 6 0.14+0.04* 53.4+42*
MeO 2!
O ome DMPEA (176)
147¢c
OMe
O o) Jﬁom
MeO.
O 5 456+159 75.7+25* O H 6 2.99+069 1218+54
MeO
191a O OMe
215a
O HNJ/
o o 5 230+027 116.0+5.0 0 5 3.83:042 1206+3.2
215b 215¢
HN
N@ 7 124+025 1115+19 %J 5 3.06+0.73 112.6+4.9
2154 215e
©JN\AJ 6 241+09 1166+5.1 %J 7 1.84+045 113.7+4.3
215f 2159
w 6 1.51+053 116.1+55 " 5 1.05+0.25 89.7+1.7*
M/\ /\/\/\)\/\
215h 215i
//N OMe
/K f@OMe
w\ 5 143040 89.5%34* DN\ 5 40.4+13.6% 63.9+4.4*
215 215k
O\DNV\J 6 1.00+0.38 84.7+22* O\DNV\J 5 0.32+0.07* 83.6+3.7*
2151 215m
IO IO
% 6 0.22+0.08* 88.4+18* @JNV\ 6 0.13+0.05¢* 1105+7.3
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Compound n ECs* (M)  Ema’ (%0) Compound ECso* (M)  Enad (%0)
o = |
de S
o 6 274+096 89.8+53* SN 1134038 1143%53
215p 215q
N=\
ind -
SN 6 137£046 121684 (N w 1604045 11503.7
215r 2155
NH
A0 f©
o 6 0.44+0.09% 114012 C;JJLA 0.37+0.09* 112520
215t 2154
wAJ 6 0.41+0.10% 109.9+2.2 S 0.02+0.005% 99.7 +1.8*
= | )
215v 215w
e e
T . 5 212+0.73 1056+2.3* T . 042+0.15% 97.8+3.7*
VK/\L/) )
215x 215y
HN
(), 6 005£002* 1035+3.2 J)/Q 274+075 1274+53
(9]
215z 215za
C(V\DN\A 5 202+047 121.1+3.9 M 336+1.08 124.8+6.3
2157b 215z¢
OMe J)@
OMe
® e ) 5 1.86+037 114918 oy 112+035 120037
215zd 215ze
OMe O O
OMe
MeomJ 5 289+082 1036+8.9 w\j 1.68+054 96.6+2.1*
MeO
2152f 21529
HN HN
O 6 213+077 781%34% [ 416+137 1137439
O OMe O
215zh 2157i
L 7128004 118817 Oy 1.06+031 113025

215zj
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Compound n ECs* (M)  Ema’ (%0) Compound n ECse® (uM)  Epad (90)

J/@ OH
m\ 6 264+051 120.3+3.0 m{\g 5 0.05+0.007* 111023

Q\TKJ//?/ 5 3.83+£055 1195%3.3 mj/fj 6 123+047 1183+5.2

C'\©\ju\/\/ 5 1.95+0.86 113.7%+29 C'\@\j\/\J 5 1.09+038 99.1+5.3*

S 5 065+033 922+40* LM 7 300409 1164483

215zr
HN/A HN@
(:k/k/\\ 5 2254095 1140+7.1 [:L/K/\ 6 0.48+0.12* 105.7+3.3*
216b 216¢
o :
(j\jl/\ 7 0.35+0.06* 1139+3.1 <j§jl»ﬁTij 6 0.20+0.05* 113128
216d 217a
K N
@Q w@ 7 0.50+0.07* 119.1+39 CO/ t@ 5 132+032 1216+3.1
217b 218

O 5 296+170 84.1+4.8* O 6 20.3+0.75* 82.9+7.6*

221
230a
—y J %N J
O O 6 1.21+£0.29 85.0£3.0* O O 7 0.14+£0.05* 754+£57*
23la 231b
N \r!l
O S 5 139+050 689113 5 197+039 1360+2.9*
231c 232

@r‘\‘/ f@
T 1) 5 0184004 1141451 an 6 0.06+002% 094.7+3.9*%
; ,

Diastereomer 1 of 239
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Compound n ECs* (M)  Ema’ (%0) Compound n ECse® (uM)  Epad (90)

I

Diastereomer 2 of 239

®ach value represents mean + SEM of (n) determinations. *Significantly different from
natural schwarzinicine A (142) (p < 0.05).

5 0.12+0.05* 100.3 +6.4*

4.3.1 SAR analysis

4.3.1.1  Aromatic methoxy substituents

It is notable that the structure of schwarzinicine A (142) incorporated six aromatic
methoxy groups from three units of 3,4-dimethoxyphenyl moieties. In order to
investigate the significance of the methoxy groups for vasorelaxant activity,
analogues 215a and 215b were made and evaluated (Figure 4.3a). Analogue 215a,
which has the highest structural similarity to 142 amongst the analogues synthesized,
i.e., lacking one methoxy in ring C, showed similar activity as 142. Interestingly,
analogue 215b, which is devoid of all the methoxy groups in 142, also showed similar
activity as 142. This infers that the presence or absence of the aromatic methoxy

groups has no effect on the vasorelaxant activity manifested by 142.

Consistent with the above observation, schwarzinicine C (144), which has a
3,4-methylenedioxy-substituted ring A instead of a 3,4-dimethoxy-substitution,
exhibited similar activity as schwarzinicine A (142) (Figure 4.3b). Additionally,
schwarzinicine D (145), which has an additional methoxy group at C-5" in ring A
compared to schwarzinicine C (144), also exhibited similar activity as 142 (Figure
4.3b). These observations suggest that the differences between these alkyloxy
substituents and substitution patterns in the phenyl ring C have little influence on

vasorelaxant activity.
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Figure 4.3. Vasorelaxation induced by (a) schwarzinicine A (142), 215a and 215b; (b)
schwarzinicines A (142), C (144) and D (145), in rat isolated aortic rings pre-
contracted with PE (0.1 pM). Each point represents mean = SEM of (n)

determinations.

Since the methoxy groups in the template structure of 142 were regarded as
nonessential for activity, we can assume that the differences in the methoxy
substitution patterns amongst the synthetic analogues, to be discussed from this point

onwards, have no or little bearing on how their vasorelaxant activities are compared.

4.3.1.2 Phenyl rings A, Band C

In order to establish the necessity of the phenyl groups for activity, we made various
analogues that have one or more of their phenyl groups removed. Analogues 215c,
215d and 215e, which are devoid of rings A, B and C, respectively, showed similar
activity as 142 (Figure 4.4a). This suggests that the absence of any one ring in the
structure of 142 is tolerable and does not negatively affect activity. Many of the
analogues made subsequently were based on modifications of the structures of 215d

and 215e, which serve as simplified scaffolds for the lead compound 142,
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Figure 4.4. Vasorelaxation induced by (a) schwarzinicine A (142) and 215c—e; (b)
schwarzinicine A (142) and 215f-h; (c) schwarzinicine A (142), DMPEA (176) and
215i-k, in rat isolated aortic rings pre-contracted with PE (0.1 pM). Each point

represents mean + SEM of (n) determinations.

To assess the requirement of both the remaining two phenyl rings for activity,
one of the two phenyl rings was substituted with a non-aromatic carbocyclic ring as
exemplified by 1-cyclohexenyl in 215f, cyclohexyl in 2159 and cyclopropyl in 215h.
These three analogues showed comparable activity to 142 (Figure 4.4b). This suggests

that the absence of up to two of the three phenyl rings in 142 is tolerable for activity.

It would be interesting to find out whether analogues that only have one
phenyl ring (without the presence of other rings) will show any activity. We
subsequently prepared analogue 215i, which is the cyclohexyl ring-opened analogue
of 215g. Similarly, analogue 215j, which has a nitrile group replacing phenyl ring A
in 215e, and analogue 215k, which lacks both rings B and C, were also prepared. All
the three analogues showed reduced relaxation activity compared to 142 (Figure 4.4c).
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DMPEA (176), which only has one aromatic ring and represents the phenethylamine
fragment present in 142, was also evaluated for vasorelaxant activity. As expected, it
showed no relaxation effect (in fact it has no significant difference in activity with
vehicle control) (Figure 4.4c). Thus, it appears that a minimum of two rings with at

least one of the two being a phenyl ring are required for activity.

4.3.1.3 Ring variation

In order to provide support to the suggestion that at least one phenyl ring is required
in analogues that have two rings to show activity, analogues 215, 215m and 215n
were prepared. For these analogues, both the phenyl rings present in 215e have been
replaced with carbocyclic or heterocyclic non-aromatic rings. The three analogues
were subsequently tested and found to show poor vasorelaxant activity (Table 4.2 and
Figure 4.5a). In contrast, compound 2150, which is the phenyl analogue of 215n
(phenyl in place of cyclohexyl in 215n), showed potent vasorelaxant activity (ECso =
0.13 UM, Emax = 110.5%) when tested (Table 4.2 and Figure 4.5a). These observations
firmly confirm that a minimum of two rings with one of the rings being a phenyl ring
are required for good vasorelaxant activity (Emax > 90%). As such, all subsequent
analogues made and assessed would have two or three rings with at least one being an

aromatic group.
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Figure 4.5. Vasorelaxation induced by (a) schwarzinicine A (142) and 215l-o; (b)
schwarzinicine A (142), 2150 and 215p; (c) schwarzinicine A (142), 215q and 215r,
in rat isolated aortic rings pre-contracted with PE (0.1 uM). Each point represents

mean £ SEM of (n) determinations.

It was also worth noting that analogue 2150 showed a 18-fold increase in
potency (with comparable efficacy) when compared to 215f, which has comparable
activity as 142 (Table 4.2). In term of structure, analogue 2150 incorporated an N-
piperidinyl ring in place of the cyclohexenyl ring in 215f. This suggests that the basic
tertiary amine nitrogen in 2150 may play a role in the improved potency observed.
Interestingly, when the N-piperidinyl ring in 2150 was replaced with an N-morpholine
in 215p, the relaxation effect dropped from Enmax 0of 110.5% to 89.8% (Table 4.2 and
Figure 4.5b). On checking the pKa values of piperidine and morpholine, the nitrogen
atom of the former appears to be a lot more basic than the latter (piperidine pKa =

11.2 vs morpholine pKa = 8.4).)” We, therefore, postulate that the significant
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difference in activity for 2150 and 215p may be due to the requirement of a basic

nitrogen atom in ring A for enhanced potency.

Analogues 215q and 215r, which incorporated a 2-pyridinyl and a 4-
imidazolyl substituent, respectively, in place of phenyl ring A in 215e, showed
comparable activity to 142 (Figure 4.5c). This appears to suggest that the nitrogen
atoms present in the pyridinyl (215q) and imidazolyl (215r) moieties do not
contribute to any favourable binding interaction with the biological target.
Additionally, the nitrogen atoms present in these heteroaromatic moieties are not quite
as basic as that in the piperidinyl moiety in 2150 (pKa values of piperidine, pyridine
and imidazole are 11.2, 5.5 and 7.0, respectively).'”® This may account for the reason
why these nitrogen atoms do not impart any potency enhancement effect to 215q and

215r.

Replacement of a phenyl ring in 215e with a larger bicyclic aromatic moiety
such as a naphthyl in 215s did not negatively affect the activity (Figure 4.6a). On the
contrary, replacement of a phenyl ring in 215e with a larger bicyclic heteroaromatic
group such as a 3-indolyl in 215t and a 3-benzothiophenyl group in 215u, increased

potency by 5-fold (Table 4.2 and Figure 4.6a).

On the other hand, replacement of phenyl ring B in 215e with a smaller
heteroaromatic ring such as a 2-thiophenyl in 215v also increased the potency by 5-
fold. Exceptionally, replacement of phenyl ring C in 215d with a 2-furyl group in
215w resulted in a remarkable 100-fold potency enhancement with a slight drop in
efficacy (ECso = 0.02 UM, Emax = 99.7%) when compared to 142 (Table 4.2 and

Figure 4.6b).
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Figure 4.6. Vasorelaxation induced by (a) schwarzinicine A (142) and 215s-u; (b)
schwarzinicine A (142), 215v and 215w; (c) schwarzinicine A (142) and 215w-y; (d)
schwarzinicine A (142), 215z, diastereomers 1 and 2 of 239, in rat isolated aortic
rings pre-contracted with PE (0.1 uM). Each point represents mean £ SEM of (n)

determinations.

Unexpectedly, replacement of phenyl ring A in the very potent analogue,
215w, with a cyclohexyl ring in 215x, resulted in attenuation of potency. However,
215x still showed fairly comparable vasorelaxant activity to 142 (Figure 4.6c). On the
other hand, analogue 215y, which possesses an N-piperindinyl ring in place of the
cyclohexyl ring in 215x, showed a 5-fold improved potency (albeit with a slight
reduction in efficacy) when compared to both 215x and 142 (Table 4.2 and Figure
4.6¢). This observation is somewhat consistent with the vasorelaxation noted above
for 2150, whereby we speculated that the presence of the basic piperidinyl nitrogen

atom plays a role in potency enhancement.
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It was established earlier that good vasorelaxing compounds need to have two
or three rings with at least one being a phenyl ring. Based on the activity observed for
both 215x and 215y, we could now extend the phenyl ring requirement to aromatic

groups in general, which include a heteroaromatic ring.

Replacement of phenyl ring B in 215e with a 1-Boc-2R-pyrrolidinyl group
gave a pair of unresolved diastereomeric mixture 215z, which also showed excellent
potency (40-fold enhancement) while retaining a good level of efficacy (ECso = 0.05
UM, Emax = 103.5%) when compared to 142 (Table 4.2 and Figure 4.6d). Removal of
the N-Boc group from 215z gave a pair of diastereomeric mixture 239, which
following separation by centrifugal radial TLC furnished two pure N-Boc deprotected
diastereomers of 215z. Although the two diastereomers were found to be more potent
than 142 by 34- and 17-fold, while retaining a good level of efficacy (Figure 4.8d),
their vasorelaxant effects were not better than that of 215z. The absolute

stereochemistry of the two diastereomers could not be readily determined.

43.1.4  Chain length

Compounds 215za, 215zb, 215zc, 215ze and 215zf represent analogues resembling

215d and 215e that possess different chain lengths:

I. between the phenyl rings (i.e., six to nine bonds away);
ii. from the central nitrogen atom to the phenyl rings (i.e., three to six bonds
away); and

iii. of alkyl side chains (i.e., methyl, ethyl or propyl)

On the other hand, 215zd is an analogue that resembles 215a or 215b, except

that rings B and C are four instead of five bonds away. Surprisingly, all these six
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analogues (215za, 215zb, 215zc, 215zd, 215ze and 215zf) showed similar activity as
142 (Figures 4.7a and 4.7b). These observations imply that small variations of length,
between the aromatic rings, between the central nitrogen atom and the aromatic rings,

and for the alkyl side chains, are well tolerated for vasorelaxant activity.
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Figure 4.7. Vasorelaxation induced by (a) schwarzinicine A (142) and 215za—zc; (b)
schwarzinicine A (142) and 215zd-zf; (c) schwarzinicine A (142) and 216a-c, in rat
isolated aortic rings pre-contracted with PE (0.1 uM). Each point represents mean +
SEM of (n) determinations.

On a similar note, replacement of the phenethylamine portion in 215e with a
smaller non-aromatic carbocyclic fragment, i.e., cyclopentyl and cyclopropyl in 216a
and 216b, respectively, did not negatively affect activity (Figure 4.7c). However,
substituting the phenethylamine portion with the bigger 2-norbornyl group in 216¢
gave rise to a 4-fold increase in potency compared to 142 (Table 4.2 and Figure 4.7c).
These results appear to suggest that ring A in 215e needs not to be linked to the
central nitrogen atom via an ethylene fragment for good vasorelaxant activity.

131



4.3.1.5 Structural extension

Compounds 215zg, 215zh and 215zi represent structural extension analogues based
on the structures of 215b and 215e. The introduction of a phenyl group at C-7" in
215e resulted in a slight decrease in efficacy (Emax = 96.6%) as demonstrated by
215zg, while the introduction of an ethyl side chain at C-1 in 215b led to a significant
decrease in efficacy (Emax = 78.1%) as demonstrated by 215zh (Figure 4.8a).
However, the vasorelaxation efficacy was restored when the ethyl side chain in 215zh
was replaced with a methoxy group in 215zi (Figure 4.8a), which showed comparable

activity to 142.
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Figure 4.8. Vasorelaxation induced by (a) schwarzinicine A (142) and 215zg-zi; (b)
schwarzinicines A (142), B (143) and 23la-c, in rat isolated aortic rings pre-
contracted with PE (0.1 pM). Each point represents mean + SEM of (n)

determinations.

Structural extension at the central nitrogen atom with alkyl substituents is
generally not favourable. It was observed that efficacy decreases with the increase in
size of the substituents on the central nitrogen atom, as demonstrated by
schwarzinicine B (143), 231a, 231b and 231c (Figure 4.8b). Schwarzinicine B (143),
which is the N-methyl derivative of 142, showed a slight decrease in efficacy (Emax =

106.0%) compared to 142 (Table 4.2 and Figure 4.8b). Analogues 231a, 231b and
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231c, which are the N-ethyl, N-cyclopropylmethyl and N-phenethyl derivatives of
215b, respectively, showed a gradual and significant decrease in efficacy as their N-

alkyl substituents increase in size (Table 4.2 and Figure 4.8b).

4.3.1.6 Rigidification

Compound 216d represents a rigidified analogue of 215e, where the phenethyl group
in 215e is substituted with a 2-indanyl moiety in 216d. The C-7""-C-8"" and C-7""-C-
1" bonds in 216d are much more inflexible compared to those in 215e. Due to the
availability of commercial building blocks, analogues 217a (2-indanyl) and 217b (2-
tetrahydronaphthalenyl), which lack the propyl side chain in 216d, were also readily
prepared. The three rigidified analogues 216d, 217a and 217b were found to be more
potent than 142 by 5.7-, 10- and 4-fold, respectively (Table 4.2 and Figure 4.9). It
would be interesting to also impart rigidification to the other phenethyl fragment in
217a and 217b, thus analogue 218 (indane-2-aminotetralin) was prepared. However,
218 only showed comparable activity to 142, i.e., 218 showed inferior potency
compared to 216d, 217a and 217b (Figure 4.9). The results may suggest that a certain
degree of conformational restriction to one of the phenyl-bearing sidearms in the

scaffold does lead to improved potency.
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Figure 4.9. Vasorelaxation induced by schwarzinicine A (142), 216d, 217a, 217b and
218 in rat isolated aortic rings pre-contracted with PE (0.1 pM). Each point represents
mean + SEM of (n) determinations.

4.3.1.7 lonization state of central nitrogen atom

Compounds 232 and 233 are the N,N-dimethyl ammonium salts of 215b and 217b,
respectively. When compared to 215b, compound 232 showed a significantly higher
efficacy (by 17%) with comparable potency (Table 4.2 and Figure 4.10a). However,
comparing to 217b, compound 233 showed a significantly higher potency (by 2.8-fold)
with comparable efficacy (Table 4.2 and Figure 4.10a). In any case, the results may
suggest that a charged nitrogen atom is important for activity. This notion was further
supported by the observation that analogue 230a, which possesses a non-basic central
nitrogen atom due to its amide functionality, showed very poor activity when
compared to 215b (Figure 4.10a). For 142 and all other N-containing analogues
(except 230a), the basic nitrogen atoms are expected to be in the protonated state
under the organ bath conditions (buffer solution pH 7.0-7.6). The lack of activity
shown by 191a and 221 (Figure 4.10b) is therefore not surprising since the non-basic

ketone and hydroxyl groups are not charged during interaction with the biological

134



target. Taken together, the above results infer that the central nitrogen atom is
essential for activity and is required to be in the ionized state when binding to its

biological target.
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Figure 4.10. Vasorelaxation induced by (a) schwarzinicine A (142), 215b, 217b,
230a, 232 and 233; (b) schwarzinicine A (142), 191a and 221, in rat isolated aortic
rings pre-contracted with PE (0.1 pM). Each point represents mean = SEM of (n)
determinations.

4.3.1.8 Electron withdrawing and donating substituents

on phenyl rings

Although the phenyl rings in schwarzinicine A (142) are substituted with two
methoxy groups each, it would be interesting to explore the effects of substituting the
phenyl rings in 215b with other electron donating groups, as well as electron
withdrawing groups. Analogues 215z, 215zk and 215zl, which have one of their
phenyl rings substituted with an electron donating group, i.e., a p-methoxy, a 3,4-
methylenedioxy and a p-methyl group, respectively, showed comparable activity to
142 (Figure 4.11a). Interestingly, when the p-methoxy group in ring A of 215z was
replaced with a p-hydroxy group as in 215zm, the relaxation potency increased by 40-
fold as compared to 142 (Table 4.2 and Figure 4.11a). Taken together, the results of

215zj, 215zk, 215z1 and 215zm suggest that while simple electron donating groups
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have no influence on activity, the p-hydroxyl group has potency enhancement effect,
possibly due to its interaction with the biological target as a H-bond donor. It was
imperative that we should also assess the O-demethylated analogue of 142, i.e., a
catechol congener. However, the preparation of the catechol congener of 142 proved

to be more challenging than expected as it rapidly decomposed on storage (see

Section 3.3).
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Figure 4.11. Vasorelaxation induced by (a) schwarzinicine A (142) and 215zj—zm; (b)
schwarzinicine A (142) and 215zn-zp; (c) schwarzinicine A (142), 215zq and 215zr,
in rat isolated aortic rings pre-contracted with PE (0.1 uM). Each point represents

mean £ SEM of (n) determinations.

Several compounds possessing electron withdrawing substituents such as
chloride and fluoride, as reflected by analogues 215zn, 215zo, 215zp, 215zq and
215zr, were prepared and assessed. The results suggest that incorporation of either a

p-chloro or p-fluoro in one of the phenyl rings, as demonstrated by 215zn, 215z0 and
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215zp, is well tolerated (Figure 4.11b). However, incorporation of both p-chloro and
p-fluorophenyl rings, as exemplified by 215zq and 215zr, has a detrimental effect on
efficacy (Figure 4.11c). Comparing the results between 215zq and 215zr, it appears
that the presence of a third phenyl ring enhanced potency (by 1.7-fold) at the expense

of efficacy (Figure 4.11c).

4.3.1.9  Stereochemistry

It was previously noted that while natural schwarzinicine A (142) is a scalemic
mixture, natural schwarzinicine B (143) is enantiopure. Since both the natural and
synthetic analogues of 142 and 143 showed comparable vasorelaxation (Figure 4.2b),
this may suggest that the stereochemistry of the lone chiral centre at C-2 has no effect
on vasorelaxant activity. As for natural schwarzinicine F (147), which possesses
another chiral centre at C-4 compared to 142, it was isolated as an enantiopure
compound. In our efforts to synthesize schwarzinicine F (147d), we also afforded
147a, 147b and 147c, which are the other three stereoisomers of schwarzinicine F
(147d). As such, we were presented with the opportunity to examine the influence of
the different configurations at C-2 (NHR) and C-4 (OH) on activity. Both 147a and
147b showed a slight reduction in efficacy compared to 142. While 147a displayed a
similar potency as 142, 147b showed a 5.6-fold improved potency over 142 (Figure
4.12). Interestingly, both synthetic schwarzinicine F (147d) and its enantiomer (147c¢),
exhibited similar activity to 142 (Figure 4.12). The results observed indicated that the
introduction of a hydroxyl group at C-4 in 147 in syn fashion attenuates efficacy,
while the 2S,4S configuration showed the greatest potency enhancement. On the other
hand, the vasorelaxant activity of the 1,3-anti isomers (2R, 4S and 2S, 4R) appeared to

be unaffected.
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Figure 4.12. Vasorelaxation induced by schwarzinicine A (142), 147a—c and
synthetic schwarzinicine F (147d) in rat isolated aortic rings pre-contracted with PE
(0.1 uM). Each point represents mean + SEM of (n) determinations.

4.4 In vitro vasorelaxant activity of selected
compounds on spontaneously hypertensive rats
(SHRs)

We have carried out extensive investigations and shown unequivocal vasorelaxant
effects of various analogues against isolated blood vessels obtained from SD rats. We
have subsequently evaluated the efficacy and potency of schwarzinicine A (142) as
well as a few selected analogues using isolated aorta of spontaneously hypertensive
rats (SHRs), which is a well-established model of genetic hypertension and heart
failure. We wished to determine whether the activities of these analogues in SD rats
could also be observed in SHRs. Dobutamine and verapamil (18), which were used as
positive controls in the previous study involving SD rats, were also included in this
study. The results are shown in Table 4.3. Ethical approval for this study was obtained

prior to the commence of the study on SHRs (see Section 6.3.2 and Appendix).
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Table 4.3. Vasorelaxant activity of selected compounds in rat isolated aortic rings

pre-contracted with PE (0.1 uM)

Compound ECso® (uM) Emax (%0)
Dobutamine 5 457 +2.04 98.5 +10.7
Verapamil (18) 5 0.59+0.39 1243+18
OMe
f@we 5 1.14 +0.20° 123.7 +9.3"
MeO. O HN
c C c
Moo O OMe 7 1.21 +0.26 116.3 + 4.1
OMe
Schwarzinicine A (142)
MeO
Meo@\ﬁNHz 6 0.19 + 0.08* 69.9 £ 3.3*
DMPEA (176)

O g 5 3.64+1.33 133.6 £19.4

215b
j\/\@/ 5 3.39+1.16 118.6 £ 3.6

215d
HN 6 0.87+£0.18 117.5+3.1

(0]
W,
215w
OMe
J/@OMe
5 1.92 +0.63 120.4 £ 4.7
Q2 )
215zd
N

YORA® 7 0.22 + 0.08* 116.8 + 5.0

217b

*Each value represents mean = SEM of (n) determinations. "Natural schwarzinicine A (142).
‘Synthetic 142. *Significantly different from natural 142 (p < 0.05).
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As expected, comparable vasorelaxant effects were observed for both natural
and synthetic schwarzinicine A (142) (Figure 4.13a). There was no statistical
difference between the activity of the positive controls (dobutamine and verapamil
(18)) and natural 142 (Table 4.3, Figure 4.13a). However, dobutamine did appear to
show a slightly poorer potency and efficacy, while verapamil (18) appeared to show a
slightly better potency with comparable efficacy when compared to natural 142

(Figure 4.13a).

In agreement with the results based on SD rats, analogues 215b, 215d and
215zd showed comparable relaxation activity compared to 142, while DMPEA (176)
was found to be completely inactive (Figure 4.13b). However, analogue 215w, which
recorded an excellent potency level on SD rats, only showed a slight potency
improvement compared to 142 (with no significant difference) (Figure 4.13c). On the
other hand, analogue 217b showed a > 5-fold potency improvement with comparable
efficacy when compared to 142 (Figure 4.13c). This is consistent with the results

observed based on SD rats.
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Figure 4.13. Vasorelaxation induced by (a) natural and synthetic schwarzinicine A
(142), dobutamine and verapamil (18); (b) schwarzinicine A (142), DMPEA (176),
215b, 215d and 215zd; (c) schwarzinicine A (142), 215w and 217b, in rat isolated
aortic rings pre-contracted with PE (0.1 puM). Each point represents mean + SEM of

(n) determinations.

4.5 Summary

We have shown unequivocal vasorelaxant effects of schwarzinicines A-D (142-145)
and F (147) in isolated aortic rings of SD rats. Schwarzinicine A (142) as the lead
compound induced a higher relaxant effect than the positive controls used (i.e.,

dobutamine and verapamil (18)).

Several series of schwarzinicine analogues were also synthesized and
evaluated for SAR studies around the structure of schwarzinicine A (142). The results
of the SAR studies are briefly summarized in this section, while selected results are

also illustrated in Figure 4.14.
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e Only two rings are required for activity,
one of which must be aromatic

e N-Piperidinyl, indolyl, benzothiophenyl,

R thiophenyl, furyl and pyrrolidinyl T potency
« Longer alkyl chain, efficacy o Naphthyl has no effect on activity
¢ Charged nitrogen, efficacy T /

R2

e OMe, OCH,0, CH; p-F or p-Cl
no effect on activity

e p-OH, potency T

e Extension/contraction up to two-carbon chain length is tolerable for activity
« Formation of a cyclic structure T potency

« Phenyl substitution at C-7" slightly | efficacy

o Ethyl substitution at C-1 | efficacy, OMe substitution has no effect

o Incorporation of hydroxyl group at C-4 slightly | efficacy

Figure 4.14. Schematic SAR model for the vasorelaxant activity of synthetic

schwarzinicine analogues

We have demonstrated that the presence of aromatic methoxy/methylenedioxy
groups in the schwarzinicine scaffold has no or little effect on the activity. We have
also demonstrated that the minimum structural requirement for the vasorelaxant
activity, with reference to the schwarzinicine A (142) structure, is the presence of two

rings with one being an aromatic ring.

Potency enhancement effects were observed when one of the phenyl rings was

replaced with:

i. a non-aromatic ring incorporating a basic nitrogen atom such as an N-
piperidinyl in 2150 and 215y
ii. a bicyclic heteroaromatic group such as a 3-indolyl in 215t and a 3-

benzothiophenyl group in 215u
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iii.  a monocyclic heteroaromatic group such as a 2-thiophenyl in 215v and a 2-
furyl group in 215w
iv.  anon-aromatic heterocyclic group such as a 2-pyrrolidinyl in 215z and 239

v.  ap-hydroxyphenyl group in 215zm

As demonstrated by 215za, 215zb, 215zc, 215zd, 215ze, 215zf, 216a, 216b
and 216c, we observed that small variations of the alkyl chain lengths are well
tolerated for vasorelaxant activity. Furthermore, 216c, which has a 2-norbornyl group

directly attached to its nitrogen atom showed enhanced potency.

The detrimental effect of the N-alkyl substituent introduced to the
schwarzinicine scaffold increases with the size of the alkyl group as exemplified by

schwarzinicine B (143), 231a, 231b and 231c.

A certain degree of conformational restriction to one of the phenyl-bearing

side arms appears to improve potency as demonstrated by 216d, 217a and 217b.

We determined that the central nitrogen atom is essential for activity and must
be in the ionized form when binding to the biological target as demonstrated by 232

and 233.

Simple electron donating groups such as those in 215zj, 215zk, 215zI have no
influence on activity, while the potency enhancement effect due to the p-hydroxyl
group in 215zm is possibly due to it being a H-bond donor. Incorporation of an
electron withdrawing group such as a p-chloro or p-fluoro in one of the phenyl rings
is well tolerated as exemplified by 215zn, 215z0 and 215zp. However, incorporation
of both p-chloro and p-fluorophenyl rings, as exemplified by 215zq and 215zr, has a

detrimental effect on efficacy.
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The stereochemistry of the lone chiral centre at C-2 in schwarzinicine A (142)
appears to have no effect on vasorelaxant activity. However, the specific
configurations at C-2 and C-4 of the schwarzinicine F (147) stereoisomers may have

potency enhancement effect as exemplified by 147b.

Further to testing the compounds in isolated aortic rings of SD rats, we also
evaluated selected compounds including 142, 215b, 215d, 215w, 215zd and 217b for
their vasorelaxant effects using aortic rings isolated from SHRs. The results obtained

for these compounds are broadly consistent with the results obtained based on SD rats.

Collectively, the overall results strongly advocate further studies and
development of new analogues based on the structure of schwarzinicine A (142). In
addition to schwarzinicine A (142), the compounds that have emerged from the
present work as promising candidates for further mechanism of action studies include
2150, 215t, 215u, 215v, 215w, 215z, 215zm, 216¢, 216d, 217a, 217b, 233 and

diastereomer 2 of 239 (all with ECsp < 1 uM and Epax > 100%).
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Future work

5.1 Future studies

5.1.1 Proposed approach to total synthesis of schwarzinicine
G (148)

The stereochemistry of schwarzinicine G (148) could not be determined due to a lack
of material and decomposition. Hence, it is our aim to synthesize 148 to resolve the
stereochemical issue as we did for schwarzinicine F (147). We envisage that 148
adopts the same configuration as 147. Thus, with 147d in hand, we aim to convert
147d to 148 via an N-methylation reaction with Mel (Scheme 5.1) based on the
procedure reported by Yasa et al..”®® Subsequently, the absolute configuration of

natural 148 can be confirmed by comparing its NMR data, ECD spectrum and specific

optical rotation with those of the synthetic compound.

/J/J::::[f)Me

147d 148

Scheme 5.1. Proposed N-methylation of 147d
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5.1.2 Perpetuation of SAR studies

Based on the outcome obtained from the current SAR studies of schwarzinicine A
(142), the ring variation design strategy yielded the most intriguing results with six
analogues, namely, 2150, 215t, 215u, 215v, 215w and 215z, found to exhibit higher
potency than the lead compound 142. Thus, it is imperative that further exploration
utilizing other ring systems for analogue design should be carried out. With
consideration of commercial availability of starting materials, structures 240a—c are
representative examples of analogues that can be prepared and tested for their
vasorelaxant activity based on this approach (Figure 5.1). It is noteworthy that
analogues 240a and 240b incorporate a bicyclic heteroaromatic group (1-benzofuryl
and 2-benzimidazolyl, respectively), while compound 240c incorporates a monocyclic

heteroaromatic moiety (5-oxazolyl), in place of phenyl ring B or C.

HN"
.
o)
240aR' =4 | ,R?=Me
MeO

N
240bR' = Me ,R? = ¢ j@
N

H

O-N
240c R =_§<\J\ ,R2=Me

Figure 5.1. Representative examples of ring variation analogues to be made

In theory, different analogue design strategies can be employed in tandem,

guided by existing analogues that showed improved activity compared to 142 as the
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lead compound. For instance, various hybrid analogues that combine two chemical

groups that were previously identified to have activity enhancement effect can be

designed and prepared. Representative examples (241-244) are shown in Table 5.1.

Table 5.1. Representative analogues designed based on the hybrid approach

Compound Strategies combined
H
WNV\’O 2150 (ring variation)
X
217a (rigidification)
241
OH
215u (ring variation)
S HN X
@M 215zm (aromatic substituent variation)
242
H 215zm (aromatic substituent variation)
X
@O/ V\©\OH 217b (rigidification)
243
| 215v (ring variation)
QK/K/\ 232 (quaternization)
244

The electron donating (methoxy, 3,4-methylenedioxy, methyl, hydroxy) and

electron withdrawing (chloro and fluoro) aromatic substituents explored in the present

study for analogue design were rather limited. Based on the commercial availability

of the relevant chemical building blocks, analogues incorporating a variety of

aromatic substituents can be prepared in future in order to give a more complete
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picture of the effects these substituents have on the activity of 142. Representative

examples (245a—e) suggested to be made are shown in Figure 5.2.

We also wished to test the O-demethylated analogue of schwarzinicine A (142)
in this study since the p-hydroxyphenyl substituted compound 215zm showed
superior potency compared to 142. However, the catechol congener of 142
(compound 219) prepared was prone to decomposition, thus hindering its biological
assessment. With this in mind, analogues devoid of the catechol moiety can be
prepared instead. Compounds 246a and 246b, which each comprises two and three p-
hydroxyphenyl groups, respectively (Figure 5.2), represent possible analogues to be
made in the future. Compounds 246a and 246b may provide clues on the importance

of having more H-bond donors in the molecule for activity.

OH

R J

R
245aR = -%-O\/@ } Electron donating group 246a R = Me
245b R = Br 246b R =—§@—0H

245¢c R =CN . ;
Electron withdrawing groups
245d R = NO,

245¢ R = CF,

Figure 5.2. Representative examples of analogues designed based on the aromatic

substituent variation strategy
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5.1.3 Further studies on SHRs

So far, only a few selected schwarzinicine analogues (215b, 215d, 215w, 215zd and
217b) were evaluated for their vasorelaxation effect in SHRs as described in Section
4.4, There are a few more compounds that also exhibited superior vasorelaxant
activities in SD rat isolated aorta but have yet to be tested in SHRs due to time
constraint. These include the heterocyclic compounds 2150, 215t, 215u, 215v and
215z, as well as the quaternary ammonium species 232 and 233, which will be tested
for their vasorelaxant effect in SHRs. In addition, the rigidified analogues 216d, 217a
and 217b along with p-hydroxyphenyl substituted compound 215zm will also be

added to the evaluation list.
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Experimental

6.1 Chemistry

All reactions were carried out under inert atmosphere of N unless otherwise specified.
THF was purified and dried with reference to the procedure reported by Simas et
al.*®° Acetone, CH,Cl, and CICH,CH,CI were dried using Sigma-Aldrich 3 A MS (8-
12 mesh) based on the procedure reported by Williams et al.”®* HPLC grade solvents
were used when chiral HPLC analyses were carried out. All chemicals were
purchased from commercial suppliers and used without further purification unless
otherwise specified. Reactions were monitored by TLC and this was done on Merck
TLC Silica gel 60 Fzs4 aluminium backed plates with pre-coated silica. Centrifugal
radial TLC was performed on a Harrison 7924T Chromatotron, on glass plates coated
with Merck Silica Gel 60 PF254 containing gypsum, 1-2 mm thick. Chiral HPLC was
performed on a Waters ACQUITY Arc liquid chromatograph with a Waters 2998
PDA detector. Separation was carried out using a Daicel CHIRALPAK IA analytical
column (4.6 X 150 mm) packed with amylose tris-(3,5-dimethylphenylcarbamate)
immobilized on 5 um silica gel at 28 °C and fractions were collected using a Waters
Fraction Collector Ill. ECD spectra were obtained on a JASCO J-815 CD

Spectrometer. Optical rotations were determined on a JASCO P-1020 automatic
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digital polarimeter. IR spectra were recorded using a PerkinElmer Spectrum RX1
FTIR and a PerkinElmer Frontier FT-IR/FIR spectrometer. HRESIMS results were
obtained using a JMS-T100LP DART-TOF mass spectrometer and Agilent 6530 Q-
TOF mass spectrometer. NMR spectra were recorded on a Bruker 400, 600 or 700
MHz NMR spectrometer. Chemical shifts (6) were recorded in parts per million (ppm)
and coupling constants (J) in Hertz (Hz) and were referenced to internal standard
(tetramethylsilane (TMS): & = 0 ppm for *H and *C NMR) and residual solvent peak

(CDCls: & =77.2 ppm and CD30D: = 3.31 ppm for *C NMR).

6.1.1 Total syntheses of schwarzinicines A (142) and B (143)

6.1.1.1 Synthesis of 3,4-dimethoxyphenylacetaldehyde (177b)
MGOD\/\
MeO ~o
3,4-Dimethoxyphenylacetaldehyde (177b).%** Based on the reaction conditions

reported by Henrion et al.'*

in entry 1 (Table 2.1), to a stirring solution of (3,4-
dimethoxyphenyl)acetonitrile (177a) (50.3 mg, 0.28 mmol, 1 equiv.) in CH,Cl, (1.5
mL) in an ice bath was added DIBAL-H (1.0 M in cyclohexane) (0.3 mL, 0.3 mmol,
1.1 equiv.). The mixture was stirred in the ice bath for 30 min prior to addition of cold
1 M HCl solution (7 mL). The solution was then left to stir at room temperature for 30
min before it was extracted with CH,Cl, (3 X 7 mL). The combined organic layer was
washed with water (2 X 10 mL) prior to drying with MgSO, and concentrated in
vacuo. The crude product was purified by centrifugal radial TLC using an eluent
system of EtOAc—hexane (1:2) to yield aldehyde 177b as a colourless oil (2.8 mg,
0.04 mmol, 6%). Rf = 0.51 (EtOAc-hexane, 3:2); IR (neat) vmax 2938, 2839, 1677,

1591, 1514, 1464, 1426, 1268, 1138, 1024 cm™; 'H NMR (CDCls, 400 MHz) & 9.73
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(t, J = 2.4 Hz, 1H), 6.87 (d, J = 8.2 Hz, 1H), 6.78 (dd, J = 8.2, 2.1 Hz, 1H), 6.71 (d, J
= 2.1 Hz, 1H), 3.88 (s, 6H), 3.63 (d, J = 2.4 Hz, 2H); *C NMR (CDCls, 100 MHz) &
199.6, 149.6, 148.4, 124.1, 121.8, 112.6, 111.6, 55.9, 55.9, 50.1; HRESIMS m/z
181.08605 [M + H]" (calcd for CioH1303, 181.08647). The data is in good agreement

with the values reported in the literature.®?

6.1.1.2 Full synthetic route to 142 and 143

MeO
Meomov
(@]

263

Ethyl 3-(3,4-dimethoxyphenyl)propanoate (193). Based on the procedure

reported by Neises et al.,?®

to a stirred solution of (3,4-dimethoxyphenyl)propionic
acid (192) (1.01 g, 4.80 mmol, 1 equiv.) in CH,Cl, (10 mL) was added EtOH (1.1 mL,
18.8 mmol, 3.9 equiv.) and DMAP (61.5 mg, 0.50 mmol, 0.1 equiv.) at room
temperature. To the ice-cooled reaction mixture was added EDC (918.4 mg, 4.79
mmol, 1 equiv.) and was allowed to stir at room temperature for 2.5 h. The resulting
mixture was diluted with CH,Cl, (10 mL) and washed with 0.5 M HCI solution (2 X 8
mL), followed by saturated KHCO3 solution (2 X 8 mL). The combined organic layer
was washed with brine (10 mL), dried with MgSQO, and subsequently concentrated in
vacuo. The crude product was purified by centrifugal radial TLC using an eluent
system of EtOAc—-hexane (1:1) to yield ester 193 as a light yellow oil (937.2 mg, 3.93
mmol, 82%). R; = 0.70 (EtOAc-hexane, 3:1); IR (neat) vmax 2937, 2836, 1729, 1591,
1514, 1452, 1372, 1258, 1235, 1183, 1153, 1137, 1026 cm™; *"H NMR (CDCls, 700
MHz) 6 6.79 (d, J = 8.1 Hz, 1H), 6.76 — 6.72 (m, 2H), 4.13 (q, J = 7.1 Hz, 2H), 3.87
(s, 3H), 3.85 (s, 3H), 2.90 (t, J = 7.8 Hz, 2H), 2.60 (t, J = 8.0 Hz, 2H), 1.24 (t, J = 7.2

Hz, 3H); *C NMR (CDCls, 175 MHz) & 173.0, 148.8, 147.5, 133.2, 120.1, 111.6,
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111.3, 60.4, 55.9, 55.8, 36.2, 30.6, 14.2; HRESIMS m/z 239.1277 [M + H]" (calcd for
Ci3H1904, 239.1283). The spectroscopic data are in good agreement with those
reported in the literature.?
MeO O o
MeO OMe
INI O OMe

1-Cyano-1,4-di-(3',4'-dimethoxyphenyl)-butanone-2 (194).?” To an ice-cooled
solution of (3,4-dimethoxyphenyl)acetonitrile (177a) (155.0 mg, 0.87 mmol, 2 equiv.)
in THF (10 mL) was slowly added n-BuLi (1.6 M, 0.55 mL, 0.88 mmol, 2 equiv.).
After stirring for 15 min in the ice bath, ester 193 (102.5 mg, 0.43 mmol, 1 equiv.) in
THF (0.85 mL) was added into the solution. After stirring for 5 min, water (10 mL)
and brine (4 mL) were subsequently added into the reaction mixture. The mixture was
extracted with CHCI; (5 X 10 mL). The combined organic layer was dried with
Na,SO, and concentrated in vacuo. The crude product was purified by centrifugal
radial TLC using an eluent system of Et,O—-hexane (7:1) to yield ketonitrile 194 as a
brown oil (37.8 mg, 0.1 mmol, 23%). Rf = 0.12 (Et,O-hexane, 8:1); IR (neat) Vmax
3005, 2921, 2848, 2249, 2205, 1726, 1593, 1513, 1462, 1419, 1259, 1237, 1141, 1023
cm™; 'H NMR (CDCls, 700 MHz) & 6.87 — 6.82 (m, 2H), 6.74 — 6.70 (m, 2H), 6.60 —
6.56 (M, 2H), 4.55 (s, 1H), 3.89 (s, 3H), 3.85 (s, 3H), 3.84 (s, 3H), 3.82 (s, 3H), 2.94 —
2.78 (m, 4H); *C NMR (CDCls, 175 MHz) § 198.3, 149.8, 149.7, 148.8, 147.5, 132.3,

121.4, 120.6, 120.1, 116.3, 111.6, 111.6, 111.1, 110.4, 56.0, 56.0, 55.9, 55.8, 50.7,

41.2,29.3; HRESIMS m/z 387.1904 [M + NH,]" (calcd for C1H27N20s, 387.1920).
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MeO O o
MeO OMe
O OMe
1,4-Di-(3',4'-dimethoxyphenyl)-butanone-2 (175)."® Adapted from the procedure
reported by Carroll et al.,” to a stirred solution of ketonitrile 194 (68.0 mg, 0.18
mmol, 1 equiv.) in AcOH (6 mL) was added concentrated HCI (6 mL) at room
temperature. The mixture was stirred and heated at 60 °C for 2 h. After cooling to
room temperature, water (22 mL) was added into the solution, which was then
refluxed for 1 h. The solution was subsequently extracted with CHCl; (3 X 15 mL).
The combined organic layer was washed with saturated KHCO3 solution (3 X 10 mL),
water (2 X 10 mL) and subsequently brine (10 mL). It was then dried with Na;SO4
and concentrated in vacuo. The crude product was purified by centrifugal radial TLC
using an eluent system of CH,Cl,—hexane (2:1) to yield ketone 175 as a yellow oil
(36.8 mg, 0.11 mmol, 61%). R; = 0.61 (2% MeOH-CH.Cl,); IR (neat) vmax 2999,
2935, 2835, 1709, 1591, 1511, 1455, 1256, 1234, 1141, 1023 cm™; *H NMR (CDCls,
400 MHz) & 6.80 (d, J = 8.1 Hz, 1H), 6.75 (d, J = 8.7 Hz, 1H), 6.70 (dd, J = 8.1, 2.0
Hz, 1H), 6.67 (d, J = 2.0 Hz, 1H), 6.65 (d, J = 2.0 Hz, 2H), 3.87 (s, 3H), 3.85 (s, 6H),
3.84 (s, 3H), 3.60 (s, 2H), 2.87 — 2.77 (m, 2H), 2.78 — 2.73 (m, 2H); **C NMR (CDCls,
100 MHz) 6 208.0, 149.0, 148.8, 148.1, 147.3, 133.5, 126.5, 121.6, 120.1, 112.3,
111.7, 111.3, 111.2, 55.9, 55.9, 55.8, 55.8, 50.0, 43.5, 29.4; HRESIMS m/z 345.1698
[M + H]" (calcd for CyHzs0s, 345.1702). The spectroscopic data are in good

agreement with those obtained for the natural product.*®
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Schwarzinicine A (142).° To a stirring solution of ketone 175 (100.6 mg, 0.29 mmol,
1 equiv.) in CICH,CH,CI (4 mL) was added DMPEA (176) (109.3 mg, 0.60 mmol,
2.1 equiv.), NaBH(OACc); (253.4 mg, 1.20 mmol, 4.1 equiv.) and AcOH (0.04 mL,
0.70 mmol, 2.4 equiv.). The solution was stirred at room temperature for 30 h before
addition of 1 M NaOH solution (4 mL). The mixture was then extracted with EtOACc
(3 X 8 mL). The combined organic layer was washed with brine (4 mL) and
subsequently dried with Na,SO, before concentrated in vacuo. The crude product was
purified by centrifugal radial TLC using an eluent system of EtOAc—hexane (2:1) to
yield 142 as a yellow oil (56.7 mg, 0.11 mmol, 38%). R = 0.19 (EtOAc—hexane, 6:1);
IR (neat) vmax 3313, 2998, 2933, 2834, 1590, 1513, 1462, 1259, 1234, 1139, 1026 cm’
L 'H NMR (CDCls, 600 MHz) & 6.78 (d, J = 8.6 Hz, 1H), 6.73 (d, J = 8.1 Hz, 1H),
6.72 (d, J = 8.0 Hz, 1H), 6.67 (d, J = 1.9 Hz, 1H), 6.66 (dd, J = 6.7, 2.0 Hz, 2H), 6.63
(d, J = 2.1 Hz, 1H), 6.62 — 6.61 (m, 1H), 6.61 — 6.59 (m, 1H), 3.86 (s, 3H), 3.85 (s,
3H), 3.85 (s, 3H), 3.84 (s, 3H), 3.83 (s, 3H), 3.82 (s, 3H), 2.92 — 2.86 (m, 1H), 2.79 —
2.69 (m, 3H), 2.70 — 2.64 (m, 2H), 2.64 — 2.57 (m, 3H), 1.81 — 1.74 (m, 1H), 1.74 —
1.66 (m, 1H); *C NMR (CDCls, 150 MHz) & 148.9, 148.9, 148.8, 147.5, 147.5, 147.2,
134.9, 132.4, 131.7, 121.1, 120.5, 120.1, 112.3, 111.9, 111.7, 111.3, 111.2, 111.1,
58.7, 56.0, 55.9, 55.8, 55.8, 55.8, 55.8, 48.5, 40.3, 36.0, 35.6, 31.6; HRESIMS m/z
510.2860 [M + H]" (calcd for C3oHsoN10s, 510.2856); The spectroscopic data are in

good agreement with those obtained for the natural product.'”
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Chiral-phase HPLC analysis of 142

142 (1.5 mg) was dissolved in EtOH (1 mL) prior to injection (10.0 pL). The eluting
solvent of hexane—EtOH-Et,NH (80:20:0.1) was used and the flow rate of the eluting

solvent was set at 1.0 mL/min to resolve 142 (tz = 8.21 and 8.92 min).

OMe

OMe

Schwarzinicine B (143)."° To a stirring solution of 142 (19.9 mg, 0.04 mmol, 1 equiv.)
in MeOH (4 mL) was added 37% ag. formaldehyde (174) (0.1 mL, 1.34 mmol, 34
equiv.) and NaBH3CN (37.0 mg, 0.59 mmol, 15 equiv.). The mixture was stirred at
room temperature for 1 h before addition of AcOH (0.4 mL, 6.99 mmol, 175 equiv.).
The solution was stirred further at room temperature for 23 h before addition of 1 M
NaOH solution (8 mL). The mixture was then extracted with CH,Cl, (3 X 10 mL).
The organic phase was washed with brine (8 mL) and dried with Na,SO, before
concentrated in vacuo. The crude product was purified by centrifugal radial TLC
using an eluent system of Et,O-hexane (4:1) to yield 143 as a yellow oil (11.1 mg,
0.02 mmol, 50%). R; = 0.13 (Et,0-hexane, 9:1); IR (neat) vmax 2997, 2935, 2835,
1590, 1514, 1462, 1261, 1235, 1141, 1029 cm™; *H NMR (CDCls, 400 MHz) & 6.81 —
6.78 (m, 1H), 6.76 (d, J = 6.8 Hz, 1H), 6.74 (d, J = 7.9 Hz, 2H), 6.73 (d, J = 8.7 Hz,
1H), 6.65 (dd, J = 8.1, 2.0 Hz, 1H), 6.62 (d, J = 2.0 Hz, 1H), 6.57 (dd, J = 6.2, 1.9 Hz,
2H), 3.88 (s, 3H), 3.85 (s, 6H), 3.84 (s, 3H), 3.83 (s, 3H), 3.80 (s, 3H), 2.89 (dd, J =
13.0, 4.0 Hz, 1H), 2.84 — 2.59 (m, 6H), 2.62 — 2.53 (m, 1H), 2.39 (s, 3H), 2.44 — 2.29

(m, 1H), 1.75 — 1.63 (m, 1H), 1.63 — 1.52 (m, 1H); *C NMR (CDCls, 100 MHz) &
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148.8, 148.7, 148.6, 147.3, 147.1, 146.9, 135.3, 133.4, 133.4, 121.1, 120.6, 120.1,
112.3,112.1, 111.7, 111.1, 111.1, 111.0, 64.5, 55.9, 55.9, 55.8, 55.8, 55.7, 36.9, 34.9,
34.6, 32.5, 32.5; HRESIMS m/z 524.3005 [M + H]* (calcd for Ca;H42N;O, 524.3012);
The spectroscopic data are in good agreement with those obtained for the natural

product.'”

Chiral-phase HPLC analysis of 143

143 (1.2 mg) was dissolved in EtOH (1 mL) prior to injection (3.0 pL). The eluting
solvent of hexane—EtOH-Et,NH (90:10:0.1) was used and the flow rate of the eluting

solvent was set at 1.0 mL/min to resolve 143 (tr = 6.90 and 7.35 min).

6.1.2 Total synthesis of schwarzinicine F (147)

6.1.2.1 First attempt

Ethyl 4-(3,4-dimethoxyphenyl)-3-oxobutanoate (197).%°* Based on the procedure

|-209 I.,210

reported by Allan et al.““and Brooks et a to a mixture of ethyl potassium
malonate (198) (567.2 mg, 3.33 mmol, 1.3 equiv.) and MgCl, (251.8 mg, 2.64 mmol,
1 equiv.) was added THF (6 mL). The suspension was refluxed for 3 h. After stirring
for 2 h, to a stirring solution of 3,4-dimethoxyphenylacetic acid (184) (506.9 mg, 2.58
mmol, 1 equiv.) in THF (5 mL) was added CDI (505.7 mg, 3.12 mmol, 1.2 equiv.).
The solution was stirred at room temperature for 45 min before its addition into the
magnesium malonate suspension. The resulting mixture was stirred at room
temperature for 18 h prior to addition of 1.0 M HCI solution (10 mL). It was then
extracted with EtOAc (3 X 20 mL). The combined organic layer was washed with

water (40 mL) followed by saturated ag. KHCOj3 solution (40 mL) and subsequently
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brine (40 mL). It was dried using MgSO, and concentrated in vacuo. The crude
product was purified by centrifugal radial TLC using an eluent system of Et,0—
hexane (1:1) to yield 197 as a yellow oil (598.2 mg, 2.25 mmol, 87%). R; = 0.18
(Et,0-hexane, 1:1); IR (neat) vmax 2938, 2910, 2838, 1740, 1712, 1514, 1463, 1419,
1315, 1258, 1236, 1141, 1024 cm™; *H NMR (CDCls, 700 MHz) & 6.84 (d, J = 8.2 Hz,
1H), 6.76 (dd, J = 8.1, 2.0 Hz, 1H), 6.72 (d, J = 2.1 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H),
3.87 (s, 3H), 3.87 (s, 3H), 3.76 (s, 2H), 3.45 (s, 2H), 1.26 (t, J = 7.2 Hz, 3H); °C
NMR (CDCl3, 175 MHz) 6 200.9, 167.2, 149.2, 148.4, 125.6, 121.8, 112.5, 111.4,
61.4, 55.9, 55.9, 49.7, 48.1, 14.1; HRESIMS m/z 267.1220 [M + H]" (calcd for
C14H190s, 267.1233). The spectroscopic data are in good agreement with those

reported in the literature.?*

OMe
OMe
M
€0 HN” O
MeO o

Ethyl 3-((3,4-dimethoxyphenethyl)amino)-4-(3,4-dimethoxyphenyl)butanoate (19
5). Following the method to prepare schwarzinicine A (142), DMPEA (176) (451.2
mg, 2.49 mmol, 1.1 equiv.), NaBH(OACc); (781.2 mg, 3.69 mmol, 1.6 equiv.) and
AcOH (0.13 mL, 2.27 mmol, 1 equiv.) were used to react with B-ketoester 197 (598.2
mg, 2.25 mmol, 1 equiv.) in CICH,CH.CI (4 mL) for 27 h to afford amine 195 as a
yellow oil (441.7 mg, 1.02 mmol, 45%). Eluent system of Et,O-hexane (1:6) was
used in centrifugal radial TLC purification. Rf = 0.15 (Et,O-hexane, 9:1); IR (neat)
vmax 3317, 2935, 2835, 1726, 1590, 1513, 1461, 1259, 1234, 1139, 1025 cm™; 'H
NMR (CDCls, 700 MHz) & 6.74 (d, J = 3.1 Hz, 1H), 6.72 (d, J = 3.1 Hz, 1H), 6.67 (d,

J=2.1Hz, 1H), 6.66 (d, J = 2.0 Hz, 1H), 6.63 (dd, J = 16.6, 2.0 Hz, 1H), 6.63 (d, J =
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2.0 Hz, 1H), 4.11 (g, J = 7.1 Hz, 2H), 3.86 (s, 3H), 3.86 (s, 3H), 3.85 (s, 3H), 3.84 (s,
3H), 3.19 (p, J = 6.6 Hz, 1H), 2.90 (ddd, J = 11.2, 7.6, 6.1 Hz, 1H), 2.81 (dt, J = 11.1,
7.3 Hz, 1H), 2.73 — 2.64 (m, 4H), 2.40 (ddd, J = 54.4, 15.4, 6.3 Hz, 2H), 1.24 (t, J =
7.1 Hz, 3H); 3C NMR (CDCls, 175 MHz) & 172.4, 148.8, 147.5, 147.4, 132.2, 130.8,
121.2,120.4, 112.3, 111.7, 111.1, 111.0, 60.4, 56.4, 55.8, 55.8, 55.8, 55.8, 48.6, 40.3,

38.9, 35.9, 14.2; HRESIMS m/z 432.2368 [M + H]" (calcd for CasHauN1Os, 432.2386).

OMe

4%% OMe

o

MeO 07
Ethyl 3-((tert-butoxycarbonyl)(3,4-dimethoxyphenethyl)amine)-4-(3,4-dimethox-
yphenyl)butanoate (199). Based on the procedure reported by Davis et al.,*** to a
stirring solution of 195 (94.7 mg, 0.22 mmol, 1 equiv.) in THF (8 mL) was added di-
tert-butyl dicarbonate (0.18 mL, 0.78 mmol, 3.5 equiv.), EtsN (0.18 mL, 1.29 mmol,
5.9 equiv.) and DMAP (2.3 mg, 0.02 mmol, 0.1 equiv.). The solution was stirred at
room temperature for 6 h prior to addition of water (6 mL). It was extracted with
EtOAc (2 X 15 mL). The combined organic layer was washed with brine (6 mL),
dried with Na,SO, before concentrated in vacuo. The crude product was purified by
centrifugal radial TLC using an eluent system of Et,O-hexane (1:8) to yield 199 as a
yellow oil (80.7 mg, 0.15 mmol, 68%). Rf = 0.11 (Et,O-hexane, 1:1); IR (neat) Vmax
2973, 2934, 2832, 1731, 1686, 1514, 1465, 1453, 1418, 1366, 1259, 1235, 1154, 1027
cm™;*H NMR (CDCls, 400 MHz) & 6.82 — 6.58 (m, 6H), 4.11 (q, J = 7.2 Hz, 2H),
3.87 (s, 3H), 3.86 (s, 3H), 3.85 (s, 3H), 3.84 (s, 3H), 3.23 — 2.31 (m, 9H), 1.48 (s, 9H),
1.25 (g, J = 6.8 Hz, 3H); °C NMR (CDCls, 100 MHz) § 172.0, 155.1, 155.1, 154.8,

148.9, 147.7, 147.6, 147.5, 147.4, 132.0, 131.3, 121.3, 120.7, 120.6, 112.4, 112.3,
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112.0, 111.9, 111.3, 111.2, 111.1, 79.4, 77.4, 77.4, 76.7, 60.7, 60.5, 55.9, 55.9, 55.9,
55.8, 39.2, 39.0, 38.3, 38.1, 35.5, 28.5, 14.2; HRESIMS m/z 532.2839 [M + HJ"

(C&'Cd for C29H42N105, 532.2910).
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Tert-butyl 3,4-dimethoxyphenethyl(1-(3,4-dimethoxyphen)-4-oxobutan-2-yl)carb-

OMe

amate (200). Based on the procedure reported by Dineen et al.,?? to a stirring
solution of 199 (117.9 mg, 0.22 mmol, 1 equiv.) in CH,Cl, (4 mL) at -78 °C was
added DIBAL-H (0.3 mL, 0.3 mmol, 1.4 equiv.). The mixture was stirred at -78 °C
for 20 min prior to quenching with MeOH (4 mL) followed by addition of 1 M HCI
solution (4 mL). It was then extracted with EtOAc (3 X 12 mL). The combined
organic layer was dried with Na,SO,4 before concentrated in vacuo. The crude product
was purified by centrifugal radial TLC using an eluent system of Et,O—hexane (1:2)
to yield 200 as a yellow oil (92.0 mg, 0.19 mmol, 86%). R¢ = 0.05 (Et,O-hexane, 1:1);
IR (neat) vmax 3005, 2973, 2937, 2834, 1721, 1684, 1514, 1465, 1418, 1365, 1260,
1235, 1154, 1027 cm™;*H NMR (CDCls, 400 MHz) § 9.64 (d, J = 10.4 Hz, 1H), 6.83
— 6.59 (M, 6H), 4.47 — 4.18 (m, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.85 (s, 6H), 3.30 —
2.43 (m, 8H), 1.47 (s, 9H); *C NMR (CDCls, 100 MHz) & 200.9, 155.1, 148.9, 147.7,
147.6, 131.8, 130.8, 121.3, 120.6, 112.2, 112.0, 111.9, 111.3, 111.1, 79.8, 55.9, 55.9,
55.3, 47.3, 38.6, 35.6, 34.6, 28.5; HRESIMS m/z 488.2646 [M + H]" (calcd for

C27H3sN1 07, 488.2648).
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Tert-butyl (1,4-bis(3,4-dimethoxyphenyl)-4-hydroxybutan-2-yl)(3,4-dimethoxyp-
henethyl)carbamate (202). To a stirring Mg turnings (71.7 mg, 2.95 mmol, 2.5
equiv.) in THF (2 mL) was added a small portion (about 10%) of 4-bromoveratrole
(201) (0.17 mL, 1.18 mmol, 1 equiv.) in THF (3 mL). The remaining portion of the
bromide was added gradually into the stirring reaction mixture over the course of 1 h
as the mixture was heated to reflux. It was refluxed further for 1 h before left to cool
to room temperature. The resulting mixture was added to 200 (143.2 mg, 0.29 mmol,
0.2 equiv.) in THF (4 mL) in an ice bath. It was warmed and stirred at room
temperature for 1.5 h prior to addition of saturated ag. NH4ClI solution (5 mL). The
mixture was extracted with EtOAc (3 X 10 mL). The combined organic layer was
washed with brine (5 mL) and dried with Na,SO, before concentrated in vacuo. The
crude product was purified by centrifugal radial TLC using an eluent system of
CHCls—hexane (1:1) to yield diastereomer pair 1 of 202 as a yellow oil (63.0 mg, 0.10
mmol, 34%) and diastereomer pair 2 of 202 as a yellow oil (62.9 mg, 0.10 mmol,
34%). Diastereomer pair 1: Rf = 0.14 (CHCls—hexane, 6:1); IR (neat) vmax 3510, 3001,
2935, 2836, 1683, 1514, 1464, 1417, 1365, 1260, 1235, 1155, 1027 cm™; *H NMR
(CDCl, 600 MHz) & 6.96 — 6.60 (m, 9H), 4.74 — 4.49 (m, 1H), 3.88 (s, 3H), 3.86 (s,
9H), 3.86 (s, 3H), 3.85 (s, 3H), 3.29 — 3.09 (m, 2H), 3.00 — 2.88 (m, 1H), 2.81 (dd, J =
14.6, 6.9 Hz, 1H), 2.76 — 2.63 (m, 3H), 1.99 — 1.75 (m, 2H), 1.53 (s, 9H); *C NMR
(CDCl3, 150 MHz) & 155.5, 149.1, 149.0, 148.6, 148.2, 147.8, 147.6, 136.3, 132.1,

131.8, 120.9, 120.6, 117.7, 112.0, 111.7, 111.5, 111.2, 110.9, 108.8, 80.5, 70.0, 56.0,

161



55.9, 55.9, 55.9, 43.1, 39.0, 36.2, 36.2, 28.5; HRESIMS (LC/MS) (tr = 6.92 min for a
15 min run) m/z 648.3140 [M + Na]® (calcd for CssHs7N:Na;Og, 648.3140).
Diastereomer pair 2: Rf = 0.1 (CHCls—hexane, 6:1); IR (neat) vmax 3460, 3003, 2936,
2836, 1683, 1513, 1464, 1417, 1259, 1233, 1154, 1139, 1026 cm™;*H NMR (CDCls,
600 MHz) & 6.86 — 6.63 (m, 9H), 4.66 — 4.48 (m, 1H), 3.87 (s, 6H), 3.87 (s, 3H), 3.85
(s, 3H), 3.84 (s, 6H), 3.23 — 2.56 (m, 7H), 2.16 — 1.94 (m, 2H), 1.48 (s, 9H); **C NMR
(CDCls, 150 MHz) & 156.3, 149.0, 148.8, 148.4, 147.6, 147.5, 136.9, 132.2, 131.3,
121.2, 120.7, 118.7, 112.2, 112.1, 111.4, 111.1, 110.9, 109.1, 79.6, 72.5, 56.0, 55.9,
55.9, 55.8, 55.8, 41.6, 39.0, 36.1, 36.1, 28.5; HRESIMS (LC/MS) (tr = 6.37 min for a

15 min run) m/z 648.3141 [M + Na]" (calcd for C3sH7N; Na;Og, 648.3141).
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N-(3,4-Dimethoxyphenethyl)-4-(3,4-dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tet-
rahydronaphthalen-2-amine (203). Based on the procedure reported by Alonso et
al.,”® to a solution of diastereomer pair 1 of 202 (36.5 mg, 0.06 mmol, 1 equiv.) in an
ice bath in CH,Cl, (4 mL) was added TFA (0.02 mL, 0.26 mmol, 4.3 equiv.). The
solution was stirred at room temperature for 40 min at room temperature prior to
addition of 3M NaOH solution (4 mL). The mixture was extracted with EtOAc (3 X
10 mL). The combined organic layer was dried with Na,SO,4 and concentrated in
vacuo. The crude product was purified by centrifugal radial TLC using an eluent

system of CHCI; to yield diastereomer pair 1 of 203 as a yellow oil (1.9 mg, 0.004
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mmol, 7%) and diastereomer pair 2 of 203 as a yellow oil (1.3 mg, 0.003 mmol, 5%).
Diastereomer pair 1: Rf = 0.46 (5% MeOH-CHCIs); IR (neat) vimax 3383, 3003, 2939,
2837, 1733, 1598, 1515, 1462, 1255, 1147, 1028 cm™;*H NMR (CDCls, 700 MHz) 6
6.77 (d, J = 7.9 Hz, 1H), 6.73 — 6.69 (m, 2H), 6.66 — 6.63 (M, 2H), 6.58 (d, J = 2.1 Hz,
1H), 6.50 (s, 1H), 6.21 (s, 1H), 3.96 (dd, J = 12.4, 5.7 Hz, 1H), 3.86 (s, 3H), 3.84 (s,
3H), 3.76 (s, 3H), 3.76 (s, 3H), 3.73 (s, 3H), 3.57 (s, 3H), 3.45 — 3.40 (m, 1H), 3.40 —
3.34 (m, 1H), 3.28 — 3.17 (m, 5H), 2.76 (d, J = 12.1 Hz, 1H), 2.24 (q, J = 12.3 Hz,
1H); 3C NMR (CDCls, 175 MHz) & 149.1, 148.9, 148.1, 147.9, 147.8, 147.8, 136.8,
130.1, 128.8, 124.2, 120.7, 120.6, 112.0, 111.9, 111.7, 111.4, 111.3, 111.3, 56.0, 55.9,
55.9, 55.8, 55.8, 55.7, 55.2, 46.8, 45.1, 36.5, 32.7, 32.4; HRESIMS (LC/MS) (tr =
3.93 min for a 30 min run) m/z 508.2707 [M + H]" (calcd for C3oHssN1Os, 508.2707).
Diastereomer pair 2: Rf = 0.36 (5% MeOH-CHCI3); IR (neat) vimax 3393, 3001, 2940,
2836, 1731, 1601, 1515, 1462, 1254, 1143, 1028 cm™;*H NMR (CDCls, 700 MHz) &
6.75 (d, J = 8.7 Hz, 1H), 6.72 — 6.70 (m, 2H), 6.70 (d, J = 8.3 Hz, 1H), 6.54 (d, J =
1.5 Hz, 1H), 6.47 (s, 1H), 6.42 (s, 1H), 6.33 (dd, J = 8.5, 2.1 Hz, 1H), 4.31 — 4.26 (m,
1H), 3.84 (s, 3H), 3.82 (s, 3H), 3.81 (s, 3H), 3.79 (s, 3H), 3.71 (s, 6H), 3.49 — 3.43 (m,
1H), 3.38 — 3.30 (m, 2H), 3.21 (t, J = 8.5 Hz, 2H), 3.18 — 3.10 (m, 1H), 3.09 — 3.01 (m,
1H), 2.53 (td, J = 12.0, 5.7 Hz, 1H), 2.45 (d, J = 12.1 Hz, 1H); *C NMR (CDCl;, 175
MHz) 6 149.2, 149.0, 148.2, 148.2, 148.1, 147.7, 137.7, 128.8, 127.9, 124.8, 120.7,
120.5, 112.3, 111.8, 111.5, 111.4, 111.0, 110.9, 56.0, 55.9, 55.9, 55.9, 55.9, 55.7, 51.6,
47.1,42.7, 34.2, 32.7, 32.2; HRESIMS (LC/MS) (tg = 3.48 min for a 30 min run) m/z

508.2717 [M + H]* (calcd for CsoH3sN1Os, 508.2717).
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6.1.2.2 Second approach

M
oM
MeO O ©
OMe

1,4-Bis(3,4-dimethoxyphenyl)-4-hydroxybutan-2-one  (205). Based on the

procedure reported by Bertolini et al.?*

to a stirring solution of 3,4-
dimethoxyphenylacetone (206) (390.4 mg, 2.01 mmol, 1.6 equiv.) in THF (10 mL) at
-78 °C was added LDA (1.5 M in cyclohexane) (1.6 mL, 2.4 mmol, 1.9 equiv.). After
stirring for 15 min, 3,4-dimethoxybenzaldehyde (207) (207.8 mg, 1.25 mmol, 1 equiv.)
in THF (5 mL) was added into the mixture. The solution was stirred at -78 °C for 4.5
h prior to addition of water (10 mL). The mixture was extracted with EtOAc (3 X 15
mL). The combined organic layer was washed with brine (10 mL), dried with Na,SO4
and concentrated in vacuo. The crude product was purified by centrifugal radial TLC
using an eluent system of Et,O-hexane (2:1) to yield 205 as a yellow oil (208.3 mg,
0.58 mmol, 46%). R; = 0.08 (Et,O—hexane, 6:1); IR (neat) vmax 3502, 3003, 2936,
2836, 1708, 1592, 1512, 1462, 1419, 1258, 1233, 1138, 1023 cm™; *H NMR (CDCls,
400 MHz) & 6.88 (d, J = 1.2 Hz, 1H), 6.84 — 6.79 (m, 3H), 6.71 (dd, J = 8.1, 2.0 Hz,
1H), 6.66 (d, J = 2.0 Hz, 1H), 5.07 (dd, J = 8.9, 3.5 Hz, 1H), 3.87 (s, 6H), 3.86 (s, 3H),
3.85 (s, 3H), 3.65 (s, 2H), 2.95 — 2.78 (m, 2H); **C NMR (CDCls, 100 MHz) & 209.2,
149.2, 149.1, 148.5, 148.3, 135.5, 125.9, 121.8, 117.9, 112.4, 111.4, 111.0, 108.9,

70.0, 56.0, 56.0, 56.0, 55.9, 50.5, 50.3; HRESIMS m/z 378.18984 [M + NH,]" (calcd

for CooH28N10s, 37819166)
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Schwarzinicine F (147d)."° To a stirring solution of ketone 205 (104.2 mg, 0.29
mmol, 1 equiv.) in THF (8 mL) in an ice bath was added DMPEA (176) (200.0 mg,
1.10 mmol, 3.8 equiv.), MgSO, (536.3 mg) and AcOH (0.13 mL, 2.27 mmol, 7.8
equiv.). The mixture was stirred in the ice bath for 15 min before addition of
NaBH;CN (44.6 mg, 0.71 mmol, 2.4 equiv.). The solution was stirred further at room
temperature for 23 h before addition of 1 M NaOH solution (8 mL). The mixture was
then extracted with EtOAc (3 X 15 mL). The combined organic layer was washed
with brine (8 mL) and dried with Na,SO4 before concentrated in vacuo. The crude
product was purified by centrifugal radial TLC using an eluent system of 1% MeOH-
EtOAc to yield 147a/147b as a yellow oil (65.2 mg, 0.12 mmol, 41%) and 147¢/147d
as a yellow oil (9.6 mg, 0.02 mmol, 7%). 147a/147b: R = 0.29 (10% MeOH-EtOAC);
IR (neat) vmax 3509, 3291, 3000, 2931, 2837, 1590, 1516, 1463, 1262, 1236, 1141,
1028 cm™; *H NMR (CDCls, 400 MHz) 5 6.92 (s, 1H), 6.85 — 6.78 (m, 3H), 6.75 (d, J
= 2.0 Hz, 1H), 6.73 (d, J = 2.0 Hz, 1H), 6.70 (d, J = 8.1 Hz, 1H), 6.55 (d, J = 2.0 Hz,
1H), 6.48 (dd, J = 8.1, 2.0 Hz, 1H), 4.81 (dd, J = 10.6, 2.0 Hz, 1H), 3.89 (s, 3H), 3.88
(s, 3H), 3.88 (s, 3H), 3.86 (s, 3H), 3.85 (s, 3H), 3.81 (s, 3H), 3.19 — 3.06 (m, 2H), 2.94
—2.82 (M, 2H), 2.79 (dd, J = 13.8, 4.8 Hz, 1H), 2.76 — 2.67 (m, 1H), 2.57 (dd, J =
13.6, 7.1 Hz, 1H), 1.70 (dt, J = 14.3, 2.3 Hz, 1H), 1.47 (dt, J = 14.3, 10.9 Hz, 1H); ©°C
NMR (CDCl3, 100 MHz) 6 149.0, 148.8, 147.9, 147.6, 138.0, 131.9, 130.6, 121.4,
120.6, 117.7, 112.4, 111.9, 111.3, 111.2, 110.8, 108.8, 75.2, 60.4, 55.9, 55.9, 55.8,

55.8, 47.9, 42.3, 40.0, 36.4; HRESIMS m/z 526.2793 [M + H]" (calcd for C3oH4oN;O,
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526.2805); 147¢/147d: R = 0.22 (10% MeOH-EtOAC); IR (neat) vmax 3509, 3294,
3003, 2936, 2836, 1593, 1514, 1459, 1259, 1237, 1142, 1027 cm™; *H NMR (CDCl,,
400 MHz) & 6.90 (s, 1H), 6.84 — 6.80 (m, 2H), 6.74 (d, J = 8.1 Hz, 1H), 6.70 (d, J =
8.1 Hz, 1H), 6.63 (d, J = 2.0 Hz, 1H), 6.60 (dd, J = 8.1, 2.0 Hz, 1H), 6.56 (d, J = 2.0
Hz, 1H), 6.53 (dd, J = 8.1, 2.1 Hz, 1H), 5.08 (dd, J = 8.4, 2.9 Hz, 1H), 3.88 (s, 6H),
3.87 (s, 3H), 3.87 (s, 3H), 3.85 (s, 3H), 3.81 (s, 3H), 3.06 — 2.93 (m, 3H), 2.82 (dd, J
= 13.7, 7.8 Hz, 1H), 2.78 — 2.75 (m, 1H), 2.72 (dd, J = 13.6, 6.1 Hz, 1H), 2.69 — 2.60
(m, 1H), 1.96 (ddd, J = 14.6, 8.5, 3.2 Hz, 1H), 1.68 (ddd, J = 14.5, 5.8, 2.9 Hz, 1H);
3C NMR (CDCls, 100 MHz) 6 148.9, 148.8, 147.7, 147.6, 147.5, 138.0, 131.6, 130.6,
120.9, 120.5, 117.4, 111.9, 111.6, 111.1, 111.1, 110.8, 108.8, 71.7, 57.7, 55.9, 55.8,
55.8, 48.5, 39.3, 38.9, 35.7; HRESIMS m/z 526.2801 [M + H]" (calcd for C3H4oN10y,
526.2801). The spectroscopic data are in good agreement with those obtained for the

natural product.*

Separation of enantiomers 147a and 147b by chiral HPLC

147a/147b (12 mg) was dissolved in EtOH (6 mL) and resolved using a chiral column
(eluting solvent: hexane-EtOH-Et,NH, 90:10:0.1; flow rate: 1.0 mL/min; 600
injections, injection volume: 10.0 pL each) to yield two fractions. Fraction 1 (147a):
tr = 18.37 min, 4.9 mg. Fraction 2 (147b): tg = 19.73 min, 5.8 mg. 147a [a]p>> +9 (c

0.22, CHCls); 147b [0]o® —10 (c 0.28, CHCls).

Separation of enantiomers 147c and 147d by chiral HPLC

147¢/147d (9.6 mg) was dissolved in EtOH (1.6 mL) and resolved using a chiral
column (eluting solvent: hexane—iPrOH-Et,NH, 80:20:0.1; flow rate: 1.0 mL/min;

260 injections, injection volume: 5.0 uL each) to yield two fractions. Fraction 1
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(147¢): tr = 11.08 min, 3.8 mg. Fraction 2 (147d): tz = 14.08 min, 3.8 mg. 147¢c [a]p®

~38 (¢ 0.19, CHCls); 147d [a]p® +19 (c 0.14, CHCIy).

6.1.3 Synthesis of schwarzinicine analogues

6.1.3.1  Preparation of Weinreb amides from carboxylic
acids
Meom
MeO '\NA;OMe
N-Methoxy-N-methyl-(3,4-dimethoxyphenyl)acetamide (177c). Based on the
procedures reported by Garcia-Dominguez et al.'®® and Tan et al.,¥ in a stirring
solution of 3,4-dimethoxyphenylacetic acid (184) (508.5 mg, 2.59 mmol, 1 equiv.) in
CH,CI, (15 mL) was added N,O-dimethylhydroxylamine hydrochloride (402.6 mg,
4.13 mmol, 1.6 equiv.), EDC (738.8 mg, 3.85 mmol, 1.5 equiv.) and DMAP (472.4
mg, 3.87 mmol, 1.5 equiv.). The mixture was stirred at room temperature for 21 h,
followed by addition of water (10 mL) and extraction with CH,Cl, (3 X 8 mL). The
combined organic layer was washed with 5% HCI solution (10 mL) and brine (10 mL)
before drying with Na,SO, and concentrated in vacuo. The crude product was purified
by centrifugal radial TLC using an eluent system of Et,O-hexane (8:1) to yield
Weinreb amide 177c as an orange oil (550.8 mg, 2.30 mmol, 89%). R¢ = 0.14 (Et,O—
hexane, 8:1); IR (neat) vmax 2999, 2938, 2836, 1660, 1591, 1515, 1464, 1422, 1383,
1262, 1238, 1155, 1142, 1028 cm™; *H NMR (CDCls, 700 MHz) & 6.87 — 6.85 (m,
1H), 6.83 — 6.81 (M, 2H), 3.88 (s, 3H), 3.86 (s, 3H), 3.72 (s, 2H), 3.63 (s, 3H), 3.20 (s,
3H); *C NMR (CDCls, 175 MHz) § 172.6, 148.9, 147.9, 127.4, 121.4, 112.4, 111.1,
61.3, 55.9, 55.8, 38.9, 32.2; HRESIMS m/z 240.1246 [M + H]" (calcd for C;,H1gN; Oy,

240.1236).
167



(0]
N,OMe

Me

2-Cyclohexyl-N-methoxy-N-methylacetamide (210a).”® Following the general
procedure described for the synthesis of Weinreb amide 177c, 2-cyclohexylacetic acid
(208a) (4195 mg, 295 mmol, 1 -equiv.) was reacted with N,O-
dimethylhydroxylamine hydrochloride (445.3 mg, 4.56 mmol, 1.5 equiv.), EDC
(854.3 mg, 4.46 mmol, 1.5 equiv.) and DMAP (541.3 mg, 4.43 mmol, 1.5 equiv.) in
CHCl, (10 mL) for 23 h to yield Weinreb amide 210a as a yellow oil (503.1 mg, 2.72
mmol, 92%). Eluent system of EtOAc—hexane (1:3) was used in centrifugal radial
TLC purification. Ry = 0.30 (EtOAc-hexane, 1:3); IR (neat) vmax 2921, 2850, 1659,
1446, 1382, 1176, 1002 cm™; *H NMR (CDCls, 700 MHz) & 3.67 (s, 3H), 3.18 (s, 3H),
2.30 (d, J = 7.0 Hz, 2H), 1.85 (ttt, J = 10.8, 7.0, 3.5 Hz, 1H), 1.77 — 1.72 (m, 2H),
1.72 — 1.62 (m, 3H), 1.29 (qt, J = 12.7, 3.4 Hz, 2H), 1.14 (qt, J = 12.8, 3.4 Hz, 1H),
0.97 (qd, J = 12.5, 3.5 Hz, 2H); **C NMR (CDCls, 175 MHz) & 174.1, 61.2, 39.3, 34.5,
33.4, 32.0, 26.3, 26.2; HRESIMS m/z [M + H]" 186.1499 (calcd for CyoH2oN;0;,
186.1492). The spectroscopic data are in good agreement with those reported in the

literature.?®

(0]

_OM
MN .

Me

2-Cyclopropyl-N-methoxy-N-methylacetamide (210b).?*® Following the general
procedure described for the synthesis of Weinreb amide 177c, cyclopropylacetic acid
(208b) (4120 mg, 4.12 mmol, 1 equiv.) was reacted with N,O-
dimethylhydroxylamine hydrochloride (596.6 mg, 6.12 mmol, 1.5 equiv.), EDC (1.15

g, 6.00 mmol, 1.5 equiv.) and DMAP (737.0 mg, 6.03 mmol, 1.5 equiv.) in CH,CI, (6
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mL) for 24 h to yield Weinreb amide 210b as a light yellow oil (545.6 mg, 3.81 mmol,
92%). Eluent system of Et,O-hexane (1:3) was used in centrifugal radial TLC
purification. R = 0.07 (Et,O-hexane, 1:3); IR (neat) vmax 3004, 2940, 1653, 1462,
1416, 1368, 1177, 1008 cm™; *H NMR (CDCls, 700 MHz) & 3.67 (s, 3H), 3.20 (s, 3H),
2.35(d, J = 7.1 Hz, 2H), 1.15 — 1.05 (m, 1H), 0.62 — 0.50 (m, 2H), 0.17 (q, J = 5.1 Hz,
2H); *C NMR (CDCls, 175 MHz) & 174.2, 61.2, 37.3, 32.1, 6.7, 4.4; HRESIMS m/z
[M + H]" 144.1022 (calcd for C;H14N10,, 144.1025). The spectroscopic data are in

good agreement with those reported in the literature.?®®
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N-Methoxy-N-methyl-2-(naphthalen-2-yl)acetamide (210c).*®’ Following the
general procedure described for the synthesis of Weinreb amide 177c, 2-
naphthylacetic acid (208c) (407.7 mg, 2.19 mmol, 1 equiv.) was reacted with N,O-
dimethylhydroxylamine hydrochloride (319.8 mg, 3.28 mmol, 1.5 equiv.), EDC
(623.9 mg, 3.25 mmol, 1.5 equiv.) and DMAP (401.6 mg, 3.29 mmol, 1.5 equiv.) in
CH,ClI, (10 mL) for 17 h to yield Weinreb amide 210c as a yellow oil (459.5 mg, 2.00
mmol, 92%). Eluent system of Et,O-hexane (1:1) was used in centrifugal radial TLC
purification. R = 0.30 (Et,O-hexane, 3:1); IR (neat) vmax 3053, 2968, 2937, 1653,
1414, 1380, 1171, 1002 cm?; *H NMR (CDCls, 700 MHz) & 7.84 — 7.77 (m, 3H),
7.74 (s, 1H), 7.48 — 7.41 (m, 3H), 3.94 (s, 2H), 3.61 (s, 3H), 3.21 (s, 3H); °C NMR
(CDCls, 175 MHz) & 172.4, 133.5, 132.5, 132.4, 128.1, 127.8, 127.6, 127.6, 127.6,
126.0, 125.6, 61.4, 39.6, 32.3; HRESIMS m/z [M + H]" 230.1189 (calcd for
C14H16N10,, 230.1181). The spectroscopic data are in good agreement with those

reported in the literature.?®’
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2-(Benzo[b]thiophen-3-yl)-N-methoxy-N-methylacetamide (210d). Following the
general procedure described for the synthesis of Weinreb amide 177c,
benzo[b]thiophene-3-acetic acid (208d) (399.5 mg, 2.08 mmol, 1 equiv.) was reacted
with N,O-dimethylhydroxylamine hydrochloride (304.7 mg, 3.12 mmol, 1.5 equiv.),
EDC (600.1 mg, 3.13 mmol, 1.5 equiv.) and DMAP (382.7 mg, 3.13 mmol, 1.5 equiv.)
in CH,Cl, (10 mL) for 17 h to yield Weinreb amide 210d as a yellow oil (359.6 mg,
1.53 mmol, 74%). Eluent system of Et,O—hexane (1:1) was used in centrifugal radial
TLC purification. Rf = 0.36 (Et,O-hexane, 4:1); IR (neat) vmax 3060, 2965, 2937,
1654, 1426, 1381, 1176 cm™; 'H NMR (CDCls, 400 MHz) & 7.84 (tdd, J = 8.0, 1.3,
0.8 Hz, 2H), 7.42 — 7.34 (m, 2H), 7.32 (s, 1H), 4.00 (s, 2H), 3.62 (s, 3H), 3.22 (s, 3H);
3C NMR (CDCl3, 100 MHz) 6 171.4, 140.1, 138.8, 129.1, 124.3, 124.2, 124.1, 122.8,
121.9, 61.4, 32.5, 32.3; HRESIMS (LC/MS) (tg = 3.82 min for a 30 min run) m/z [M

+ H]" 236.0742 (calcd for C1oH14N;10,S1, 236.0742).
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N-Methoxy-N-methyl-2-(thiophen-2-yl)acetamide (210e).?*® Following the general
procedure described for the synthesis of Weinreb amide 177c, 2-thiopheneacetic acid
(208e) (399.9 mg, 2.81 mmol, 1 -equiv.)) was reacted with N,O-
dimethylhydroxylamine hydrochloride (417.3 mg, 4.28 mmol, 1.5 equiv.), EDC
(816.2 mg, 4.26 mmol, 1.5 equiv.) and DMAP (518.0 mg, 4.24 mmol, 1.5 equiv.) in
CH,CI, (10 mL) for 23 h to yield Weinreb amide 210e as a light yellow oil (430.9 mg,

2.33 mmol, 83%). Eluent system of Et,O-hexane (4:1) was used in centrifugal radial
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TLC purification. Rf = 0.42 (Et,O-hexane, 9:1); IR (neat) vmax 3101, 2968, 2938,
1656, 1424, 1384, 1174 cm™; *H NMR (CDCls, 700 MHz) § 7.22 — 7.19 (m, 1H),
6.98 — 6.93 (m, 2H), 3.98 (s, 2H), 3.69 (s, 3H), 3.22 (s, 3H); **C NMR (CDCls, 175
MHz) & 171.1, 136.1, 126.7, 126.6, 124.8, 61.4, 33.3, 32.3; HRESIMS m/z [M + H]"
186.0592 (calcd for CgHj12N;0,S;, 186.0589). The spectroscopic data are in good

agreement with those reported in the literature.”®®

3-(Furan-2-yl)-N-methoxy-N-methylpropanamide (210f).**® Following the general
procedure described for the synthesis of Weinreb amide 177c, 3-(2-furyl)propionic
acid (208f) (4025 mg, 2.87 mmol, 1 equiv.) was reacted with N,O-
dimethylhydroxylamine hydrochloride (426.9 mg, 4.38 mmol, 1.5 equiv.), EDC
(823.8 mg, 4.30 mmol, 1.5 equiv.) and DMAP (534.0 mg, 4.37 mmol, 1.5 equiv.) in
CH,CI, (10 mL) for 23 h to yield Weinreb amide 210f as a light yellow oil (450.3 mg,
2.46 mmol, 86%). Eluent system of Et,O-hexane (1:1) was used in centrifugal radial
TLC purification. Rf = 0.48 (Et,O—hexane, 9:1); IR (neat) vmax 2937, 1653, 1423, 1386,
1175 cm™; *H NMR (CDCls, 700 MHz) 6 7.31 (dd, J = 1.8, 1.0 Hz, 1H), 6.28 (dd, J =
3.2, 1.9 Hz, 1H), 6.04 (dd, J = 2.8, 0.9 Hz, 1H), 3.66 (s, 3H), 3.19 (s, 3H), 2.98 (t, J =
8.1 Hz, 2H), 2.78 (t, J = 7.8 Hz, 2H); *C NMR (CDCls, 175 MHz) & 173.2, 154.9,
141.0, 110.2, 105.2, 61.3, 32.2, 30.4, 23.1; HRESIMS m/z [M + H]" 184.0981 (calcd
for CoH14N103, 184.0974). The spectroscopic data are in good agreement with those

reported in the literature.?®®
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Tert-butyl 2-(2-(methoxy(methyl)amino)-2-oxoethyl)pyrrolidine-1-carboxylate (2
10g).%"® Following the general procedure described for the synthesis of Weinreb
amide 177c, Boc-L-beta-homoproline (208g) (801.9 mg, 3.50 mmol, 1 equiv.) was
reacted with N,O-dimethylhydroxylamine hydrochloride (510.4 mg, 5.23 mmol, 1.5
equiv.), EDC (1.01 g, 5.27 mmol, 1.5 equiv.) and DMAP (643.7 mg, 5.27 mmol, 1.5
equiv.) in CH2Cl, (10 mL) for 23 h to yield Weinreb amide 210g as a light yellow oil
(763.9 mg, 2.80 mmol, 80%). Eluent system of Et,O-hexane (3:1) was used in
centrifugal radial TLC purification. Rs = 0.19 (Et,O-hexane, 3:1); IR (neat) vmax 2971,
2883, 1681, 1453, 1388, 1251, 1165, 1109, 1002 cm™; *H NMR (CDCls, 700 MHz) &
4.29 — 4.15 (m, 1H), 3.69 (s, 3H), 3.46 — 3.25 (m, 2H), 3.18 (s, 3H), 2.97 (dd, J = 94.7,
13.8 Hz, 1H), 2.61 — 2.30 (m, 1H), 2.13 — 2.00 (m, 1H), 1.91 — 1.73 (m, 3H), 1.46 (s,
9H); 3C NMR (CDCls, 175 MHz) 6 172.4, 154.4, 79.4, 79.0, 61.2, 54.0, 46.6, 46.2,
36.6, 36.2, 32.0, 31.4, 30.7, 28.6, 23.5, 22.8; HRESIMS m/z [M + H]* 273.1805 (calcd
for C13H2sN,04, 273.1814). The spectroscopic data are in good agreement with those

reported in the literature.?

N-Methoxy-N-methyl-5-phenylpentanamide (210h).””* Following the general
procedure described for the synthesis of Weinreb amide 177c, 5-phenylvaleric acid
(208h) (399.1 mg, 224 mmol, 1 equiv.) was reacted with N,O-

dimethylhydroxylamine hydrochloride (329.4 mg, 3.38 mmol, 1.5 equiv.), EDC

172



(646.3 mg, 3.37 mmol, 1.5 equiv.) and DMAP (415.0 mg, 3.40 mmol, 1.5 equiv.) in
CH,CI; (10 mL) for 21 h to yield Weinreb amide 210h as a yellow oil (456.7 mg, 2.06
mmol, 92%). Eluent system of EtOAc—hexane (1:2) was used in centrifugal radial
TLC purification. Ry = 0.32 (EtOAc-hexane, 1:2); IR (neat) vmax 3026, 2935, 2860,
1660, 1453, 1415, 1383, 1177 cm™; *H NMR (CDCls, 700 MHz) & 7.29 — 7.24 (m,
2H), 7.20 — 7.15 (m, 3H), 3.66 (s, 3H), 3.17 (s, 3H), 2.64 (t, J = 7.1 Hz, 2H), 2.44 (t, J
= 6.7 Hz, 2H), 1.73 — 1.62 (m, 4H); *C NMR (CDCls, 175 MHz) & 174.6, 142.4,
128.4, 128.3, 125.7, 61.2, 35.8, 32.1, 31.7, 31.2, 24.3; HRESIMS m/z [M + H]"
222.1502 (calcd for Ci3HzoN31O,, 222.1494). The spectroscopic data are in good

agreement with those reported in the literature.”*

N-Methoxy-N-methyl-2-methoxy-2-phenylacetamide  (210i).>”> Following the
general procedure described for the synthesis of Weinreb amide 177c, (%)-a-
methoxyphenylacetic acid (208i) (399.8 mg, 2.41 mmol, 1 equiv.) was reacted with
N,O-dimethylhydroxylamine hydrochloride (356.6 mg, 3.66 mmol, 1.5 equiv.), EDC
(701.7 mg, 3.66 mmol, 1.5 equiv.) and DMAP (448.1 mg, 3.67 mmol, 1.5 equiv.) in
CH,CI, (10 mL) for 18 h to yield Weinreb amide 210i as a light yellow oil (401.2 mg,
1.92 mmol, 80%). Eluent system of Et,O-hexane (1:1) was used in centrifugal radial
TLC purification. Rf = 0.19 (Et,O-hexane, 1:1); IR (neat) vmax 2930, 1795, 1574, 1528,
1448, 1095 cm™; 'H NMR (CDCls, 700 MHz) & 7.48 — 7.42 (m, 2H), 7.41 — 7.30 (m,
3H), 5.12 (s, 1H), 3.42 (s, 3H), 3.39 (s, 3H), 3.17 (s, 3H); *C NMR (CDCl, 175

MHz) 6 171.2, 136.5, 128.6, 128.6, 128.1, 80.8, 61.0, 57.2, 32.4; HRESIMS m/z [M +
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H]* 210.1131 (calcd for C11H1N;Os, 210.1130). The spectroscopic data are in good

agreement with those reported in the literature.?”?
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N-Methoxy-N-methyl-2-(benzo[d][1,3]dioxol-5-yl)acetamide (210j). Following the
general procedure described for the synthesis of Weinreb amide 177c, 3,4-
(methylenedioxy)phenylacetic acid (208j) (407.3 mg, 2.26 mmol, 1 equiv.) was
reacted with N,O-dimethylhydroxylamine hydrochloride (328.4 mg, 3.37 mmol, 1.5
equiv.), EDC (641.9 mg, 3.35 mmol, 1.5 equiv.) and DMAP (412.6 mg, 3.38 mmol,
1.5 equiv.) in CHyCI; (10 mL) for 17.5 h to yield Weinreb amide 210j as a light
yellow oil (413.7 mg, 1.85 mmol, 82%). Eluent system of Et,O-hexane (4:1) was
used in centrifugal radial TLC purification. Rf = 0.24 (Et,O-hexane, 4:1); IR (neat)
Vmax 2969, 2938, 2898, 1655, 1489, 1442, 1416, 1243, 1181, 1035, 1002 cm™; 'H
NMR (CDCls, 700 MHz) 5 6.81 (d, J = 1.3 Hz, 1H), 6.77 — 6.72 (m, 2H), 5.93 (s, 2H),
3.68 (s, 2H), 3.64 (s, 3H), 3.19 (s, 3H); **C NMR (CDCls, 175 MHz) & 172.5, 147.7,
146.4, 128.5, 122.4, 109.8, 108.2, 100.9, 61.3, 38.9, 32.2; HRESIMS m/z 224.0920

[M + H]+ (C&lCd for C11H14N10Oy4, 2240923)
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N-Methoxy-N-methyl-2-(p-tolyl)acetamide  (210k).?”® Following the general
procedure described for the synthesis of Weinreb amide 177c, p-tolylacetic acid (208k)
(457.4 mg, 3.05 mmol, 1 equiv.) was reacted with N,O-dimethylhydroxylamine
hydrochloride (442.5 mg, 4.54 mmol, 1.5 equiv.), EDC (867.3 mg, 4.52 mmol, 1.5

equiv.) and DMAP (378.7 mg, 3.10 mmol, 1 equiv.) in CH,Cl, (12 mL) for 19.5 h to
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yield Weinreb amide 210k as a yellow oil (491.9 mg, 2.55 mmol, 84%). Eluent
system of Et,O-hexane (4:1) was used in centrifugal radial TLC purification. R¢ =
0.40 (Et,O-hexane, 4:1); IR (neat) vmax 3003, 2937, 1658, 1515, 1417, 1379, 1173,
1004 cm™; *H NMR (CDCls, 700 MHz) & 7.18 (d, J = 7.9 Hz, 2H), 7.12 (d, J = 7.9 Hz,
2H), 3.73 (s, 2H), 3.61 (s, 3H), 3.19 (s, 3H), 2.32 (s, 3H); *C NMR (CDCls, 175
MHz) 6 172.7, 136.3, 131.8, 129.2, 129.1, 61.3, 39.0, 32.2, 21.1; HRESIMS m/z
194.1181 [M + H]" (calcd for C11H16N1O2, 194.1181). The spectroscopic data are in

good agreement with those reported in the literature.?”®

6.1.3.2  Preparation of Weinreb amides from acyl

chlorides

II/

Me

N-Methoxy-N-methyl-2-phenylacetamide (186).2%° Based on the procedure reported
by Trost et al.,**® phenylacetyl chloride (185) (928.0 mg, 6.00 mmol, 1 equiv.) was
added dropwise into a mixture of N,O-dimethylhydroxylamine hydrochloride (719.2
mg, 7.37 mmol, 1.2 equiv.) and pyridine (1.3 mL, 16.1 mmol, 2.7 equiv.) in CH,Cl,
(20 mL) in an ice bath. The reaction mixture was allowed to warm and stir at room
temperature for 2 h. It was then diluted with EtOAc (40 mL), washed with 1 M HCI
solution (2 X 40 mL), followed with saturated agq. KHCO3 solution (2 X 40 mL) and
finally brine (40 mL). The organic layer was dried over MgSO, and concentrated in
vacuo. The crude product was purified by centrifugal radial TLC using an eluent
system of Et,O-hexane (1:3) to yield Weinreb amide 186 as a yellow oil (1.05 g, 5.86
mmol, 98%). R = 0.39 (Et,O-hexane, 4:1); IR (neat) vmax 3031, 2939, 1661, 1496,

1456, 1417, 1384, 1174, 1000 cm™; *H NMR (CDCls, 400 MHz,) § 7.36 — 7.19 (m,

175



5H), 3.77 (s, 2H), 3.60 (s, 3H), 3.19 (s, 3H); *C NMR (CDCls, 100 MHz) & 172.6,
135.0, 129.4, 128.6, 126.9, 61.4, 39.5, 32.3; HRESIMS m/z 180.1029 [M + H]" (calcd
for C10H14N;102, 180.1025). The spectroscopic data are in good agreement with those

reported in the literature.?®
0
A -ome
Me

N-Methoxy-N-methylpropionamide (2101).2*?" Following the general procedure
described for the synthesis of Weinreb amide 186, propionyl chloride (209a) (2.01 g,
21.7 mmol, 1 equiv.) was reacted with N,O-dimethylhydroxylamine hydrochloride
(2.32 g, 23.8 mmol, 1.1 equiv.) and pyridine (4.4 mL, 54.4 mmol, 2.5 equiv.) in
CH,CI; (20 mL) for 2.5 h to yield Weinreb amide 210l as a colourless oil (912.6 mg,
7.79 mmol, 36%). The product was used in the next reaction without further
purification. R; = 0.44 (Et,O-hexane, 4:1); IR (neat) vmax 2979, 2942, 1664, 1466,
1420, 1380, 1180, 1010 cm™; *H NMR (CDCls, 700 MHz) & 3.69 (s, 3H), 3.19 (s, 3H),
2.46 (g, J = 7.6 Hz, 2H), 1.14 (t, J = 7.5 Hz, 3H); **C NMR (CDCls, 175 MHz) &
175.6, 61.2, 32.3, 25.2, 8.8; HRESIMS m/z 118.0870 [M + H]" (calcd for CsH12N;0,,
118.0868). The spectroscopic data are in good agreement with those reported in the

literature, 2’2"

N-Methoxy-N-methyl-2-phenylbutanamide (210m).?’®?"" Following the general
procedure described for the synthesis of Weinreb amide 186, 2-phenylbutyryl chloride

(209b) (0.38 mL, 2.27 mmol, 1 equiv.) was reacted with N,O-dimethylhydroxylamine
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hydrochloride (238.8 mg, 2.45 mmol, 1.1 equiv.) and pyridine (0.45 mL, 5.56 mmol,
2.4 equiv.) in CH.CI; (13 mL) for 2 h to yield Weinreb amide 210m as a colourless
oil (458.7 mg, 2.21 mmol, 97%). Eluent system of Et,O—hexane (1:2) was used in
centrifugal radial TLC purification. Rs = 0.58 (Et,O—hexane, 4:1); IR (neat) vmax 2958,
1658, 1450, 1385, 1173 cm™; *H NMR (CDCls, 700 MHz) & 7.34 — 7.19 (m, 5H),
3.90 (s, 1H), 3.47 (s, 3H), 3.16 (s, 3H), 2.08 (dq, J = 14.9, 7.4 Hz, 1H), 1.75 (dq, J =
14.6, 7.4 Hz, 1H), 0.88 (t, J = 7.4 Hz, 3H); *C NMR (CDCls, 175 MHz) 5 174.8,
140.2, 128.5, 128.2, 126.8, 61.3, 49.3, 32.2, 27.2, 12.3; HRESIMS m/z 208.1336 [M +
H]" (calcd for C1,H1gN1O,, 208.1338). The spectroscopic data are in good agreement

with those reported in the literature.?"®%"’

Cl
m
.OM
N e

Me

2-(4-Chlorophenyl)-N-methoxy-N-methylacetamide  (210n).?®  Following the
general procedure described for the synthesis of Weinreb amide 186, 4-
chlorophenylacetyl chloride (209¢) (400.5 mg, 2.12 mmol, 1 equiv.) was reacted with
N,O-dimethylhydroxylamine hydrochloride (233.4 mg, 2.39 mmol, 1.1 equiv.) and
pyridine (0.45 mL, 5.56 mmol, 2.6 equiv.) in CH,Cl, (5 mL) for 2 h to yield Weinreb
amide 210n as an orange oil (424.6 mg, 1.99 mmol, 94%). Eluent system of Et,O—
hexane (1:1) was used in centrifugal radial TLC purification. Rf = 0.37 (Et,O—hexane,
3:1); IR (neat) vmax 2970, 2938, 1657, 1491, 1410, 1380, 1172, 1089, 1002 cm™; *H
NMR (CDCls, 700 MHz) & 7.28 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 3.74 (s,
2H), 3.63 (s, 3H), 3.19 (s, 3H); 3C NMR (CDCls, 175 MHz) § 171.9, 133.4, 132.7,

130.7, 128.6, 61.3, 38.6, 32.2; HRESIMS m/z 214.0641 [M + H]" (calcd for
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C10H15*°CliN;0O,, 214.0635). The spectroscopic data are in good agreement with those

reported in the literature.?

6.1.3.3  Weinreb ketone synthesis
LT

1,4-Diphenylbutan-2-one (191a).2"®?"® Based on the procedure reported by Datta et
al.,*® to an ice-cold solution of Weinreb amide 186 (799.1 mg, 4.46 mmol, 1 equiv.)
in THF (12 mL) was added dropwise into a solution of phenethylmagnesium chloride
(190a) (0.5 M in THF) (20 mL, 20.0 mmol, 4.5 equiv.). The reaction mixture was
stirred in an ice bath for 5 h prior to addition of cold 10% HCI solution (20 mL). After
stirring for 5 min, the mixture was extracted with EtOAc (3 X 30 mL). The combined
organic layer was washed with water (20 mL) and brine (20 mL) before drying with
MgSQO, and concentrated in vacuo. The crude product was purified by centrifugal
radial TLC using an eluent system of Et,O-hexane (1:3) to yield ketone 191a as a
yellow oil (591.1 mg, 2.64 mmol, 59%). R = 0.69 (Et,O-hexane, 3:1); IR (neat) Vmax
3029, 2929, 1710, 1496, 1454 cm™; *H NMR (CDCls, 400 MHz) & 7.34 — 7.22 (m,
5H), 7.20 — 7.10 (m, 5H), 3.65 (s, 2H), 2.89 — 2.83 (m, 2H), 2.79 — 2.73 (m, 2H); **C
NMR (CDCls, 100 MHz) 6 207.5, 141.0, 134.2, 129.5, 128.9, 128.6, 128.4, 127.1,
126.2, 50.5, 43.6, 29.9; HRESIMS m/z 225.1283 [M + H]" (calcd for CyeH170;,
225.1279). The spectroscopic data are in good agreement with those reported in the

literature. 282"
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O
1-Phenylpentan-2-one (191b).?®*° Following the method to prepare ketone 191a,
Weinreb amide 186 (738.2 mg, 4.12 mmol, 1 equiv.) was used to react with
propylmagnesium chloride (190b) (2.0 M in Et;0) (8 mL, 16.0 mmol, 3.9 equiv.) in
THF (10 mL) for 2 h to yield ketone 191b as a light yellow oil (413.0 mg, 2.55 mmol,
62%). Eluent system of Et,O-hexane (1:5) was used in centrifugal radial TLC
purification. R = 0.70 (Et,O-hexane, 3:1); IR (neat) vmax 3030, 2963, 2875, 1711,
1496, 1454, 1124 cm™; *H NMR (CDCls;, 700 MHz) & 7.34 — 7.30 (m, 2H), 7.29 —
7.23 (m, 1H), 7.22 — 7.18 (m, 2H), 3.67 (s, 2H), 2.42 (t, J = 7.3 Hz, 2H), 1.58 (h, J =
7.4 Hz, 2H), 0.86 (t, J = 7.4 Hz, 3H); *C NMR (CDCls, 175 MHz) § 208.5, 134.4,
129.4, 128.7, 126.9, 50.2, 43.9, 17.2, 13.6; HRESIMS m/z 163.1127 [M + H]" (calcd
for Cy11H1504, 163.1123). The spectroscopic data are in good agreement with those

reported in the literature.?

(O
1,3-Diphenylpropan-2-one (191c).?** Small portion (about 10%) of benzyl bromide
(2.29 g, 7.54 mmol, 1 equiv.) in THF (4 mL) was added to Mg turnings (369.0 mg,
15.2 mmol, 2 equiv.) in THF (3 mL). The remaining portion of the bromide was
added dropwise into the stirring reaction mixture at room temperature. The resulting
mixture was heated and stirred for 5 min before left to cool to room temperature to
afford benzylmagnesium bromide (190c). Following the general procedure described
for the synthesis of ketone 191a, Weinreb amide 186 (266.5 mg, 1.49 mmol, 0.2
equiv.) was used to react with 190c prepared earlier in THF (6 mL) for 2 h to yield

ketone 191c as a yellow oil (142.2 mg, 0.68 mmol, 46%). Eluent system of Et,O-
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hexane (1:4) was used in centrifugal radial TLC purification. Rs = 0.48 (Et,O—hexane,
1:2); IR (neat) vmax 3063, 3029, 1718, 1654, 1602, 1496, 1454, 1056 cm™; '"H NMR
(CDCls, 700 MHz) & 7.34 — 7.22 (m, 6H), 7.17 — 7.12 (m, 4H), 3.71 (s, 4H); **C
NMR (CDClIs, 175 MHz) 6 205.7, 134.0, 129.5, 128.7, 127.1, 49.1; HRESIMS m/z
211.1124 [M + H]" (caled for Ci5H1504, 211.1123). The data is in good agreement
with the values reported in the literature.?*

MeO O o

MeO O

OMe

1-(3,4-Dimethoxy-phenyl)-4-(4-methoxy-phenyl)-butan-2-one (191d). Following
the general procedure described for the synthesis of ketone 191a, Weinreb amide
177¢ (3946 mg, 1.65 mmol, 1 -equiv.) was used to react with 4-
methoxyphenethylmagnesium chloride (190d) (0.5 M in THF) (15 mL, 7.50 mmol,
4.5 equiv.) in THF (10 mL) for 2 h to yield ketone 191d as a yellow oil (362.5 mg,
1.15 mmol, 70%). Eluent system of CH,Cl,—hexane (1:3) was used in centrifugal
radial TLC purification. Rf = 0.23 (CH,Cl,—hexane, 3:1); IR (neat) vmax 3002, 2936,
2836, 1714, 1613, 1590, 1515, 1464, 1029 cm™;*H NMR (CDCls, 700 MHz) & 7.06 —
7.02 (m, 2H), 6.83 — 6.77 (m, 3H), 6.70 (dd, J = 8.2, 2.1 Hz, 1H), 6.64 (d, J = 2.1 Hz,
1H), 3.86 (s, 3H), 3.84 (s, 3H), 3.77 (s, 3H), 3.58 (s, 2H), 2.81 (t, J = 7.5 Hz, 2H),
2.73 (t, J = 7.2 Hz, 2H); *C NMR (CDCls, 175 MHz) § 208.0, 157.9, 149.0, 148.1,

132.9, 129.2, 126.5, 121.6, 113.8, 112.3, 111.3, 55.9, 55.8, 55.2, 50.0, 43.5, 28.9;

HRESIMS m/z 315.1586 [M + H]" (calcd for C19H2304, 315.1596).
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0

1-Phenylpentan-3-one (212a).?** Following the method to prepare ketone 191a,
Weinreb amide 210l (402.8 mg, 3.44 mmol, 1 equiv.) was used to react with
phenethylmagnesium chloride (190a) (1.0 M in THF) (15 mL, 15.0 mmol, 4.4 equiv.)
in THF (15 mL) for 2.5 h to yield ketone 212a as a colourless oil (420.6 mg, 2.59
mmol, 75%). Eluent system of Et,O—hexane (1:5) was used in centrifugal radial TLC
purification. R = 0.68 (Et,O-hexane, 3:1); IR (neat) vmax 3063, 3028, 2977, 2938,
1717, 1497, 1454, 1113 cm™; *H NMR (CDCls, 700 MHz) & 7.32 — 7.14 (m, 5H), 2.90
(t, J = 7.7 Hz, 2H), 2.73 (t, J = 7.8 Hz, 2H), 2.40 (q, J = 7.3 Hz, 2H), 1.04 (t, J = 7.4
Hz, 3H); *C NMR (CDCls, 175 MHz) § 210.7, 141.2, 128.5, 128.3, 126.1, 43.9, 36.1,
29.9, 7.8; HRESIMS m/z 163.1130 [M + H]* (calcd for Ci3H3504, 163.1123). The

spectroscopic data are in good agreement with those reported in the literature.?*

SN
1-Cyclohexylpentan-2-one (212b). Small portion (about 10%) of 1-bromopropane (1
mL, 11.0 mmol, 1 equiv.) in THF (5 mL) was added to Mg turnings (542.0 mg, 22.3
mmol, 2 equiv.) in THF (4 mL). The remaining portion of the bromide was added
dropwise into the stirring reaction mixture at room temperature. The resulting mixture
was heated and stirred for 5 min before left to cool to room temperature to afford
propylmagnesium bromide (211b). Following the method to prepare ketone 191a,
Weinreb amide 210a (511.7 mg, 2.76 mmol, 0.3 equiv.) was used to react with 211b
prepared earlier in THF (5 mL) for 2 h to afford ketone 212b as a colourless oil (404.9

mg, 2.41 mmol, 87%). Eluent system of EtOAc—hexane (1:6) was used in centrifugal
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radial TLC purification. Rf = 0.68 (EtOAc—hexane, 1:3); IR (neat) vmax 2922, 2851,
1710, 1449, 1368, 1032 cm™; *H NMR (CDCls, 700 MHz) & 2.35 (t, J = 7.3 Hz, 2H),
2.26 (d, J = 6.9 Hz, 2H), 1.88 — 1.77 (m, 1H), 1.72 — 1.61 (m, 7H), 1.59 (h, J = 7.4 Hz,
2H), 1.31 — 1.23 (m, 2H), 1.18 — 1.09 (m, 1H), 0.91 (t, J = 7.2 Hz, 3H); *C NMR
(CDCls, 175 MHz) & 211.3, 50.6, 45.4, 33.9, 33.3, 26.2, 26.1, 17.2, 13.8; HRESIMS

m/z 169.1591 [M + H]" (calcd for C11H,104, 169.1592).

O

AN

1-Cyclopropylpentan-2-one (212c). Small portion (about 10%) of 1-bromopropane
(0.3 mL, 3.30 mmol, 1 equiv.) in THF (2 mL) was added to Mg turnings (172.8 mg,
7.11 mmol, 2.2 equiv.) in THF (3 mL). The remaining portion of the bromide was
added dropwise into the stirring reaction mixture at room temperature. The resulting
mixture was heated and stirred for 5 min before left to cool to room temperature to
afford propylmagnesium bromide (211b). Following the general procedure described
for the synthesis of ketone 191a, Weinreb amide 210b (117.3 mg, 0.82 mmol, 0.2
equiv.) was used to react with 211b prepared earlier in THF (4 mL) for 2 h to yield
ketone 212c as a yellow oil (55.1 mg, 0.44 mmol, 53%). Eluent system of Et,O-
hexane (1:5) was used in centrifugal radial TLC purification. Rf = 0.56 (Et,O—hexane,
1:3); IR (neat) vimax 2957, 2924, 2854, 1722, 1461, 1260, 1019 cm™; *H NMR (CDCls,
700 MHz) & 2.44 (t, J = 7.3 Hz, 2H), 2.28 (d, J = 7.0 Hz, 2H), 1.61 (h, J = 7.4 Hz, 2H),
1.03 — 0.95 (m, 1H), 0.92 (t, J = 7.4 Hz, 3H), 0.58 — 0.54 (m, 2H), 0.11 (dt, J = 6.0,
4.6 Hz, 2H); °C NMR (CDCls, 175 MHz) & 211.3, 48.1, 44.3, 17.2, 13.8, 6.4, 4.5;

HRESIMS m/z 127.1118 [M + H]" (calcd for CgH50;, 127.1123).
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COLUS

1-(Naphthalen-2-yl)pentan-2-one  (212d). Small portion (about 10%) of 1-
bromopropane (0.4 mL, 4.40 mmol, 1 equiv.) in THF (2 mL) was added to Mg
turnings (217.7 mg, 8.96 mmol, 2 equiv.) in THF (3 mL). The remaining portion of
the bromide was added dropwise into the stirring reaction mixture at room
temperature. The resulting mixture was heated and stirred for 5 min before left to cool
to room temperature to afford propylmagnesium bromide (211b). Following the
general procedure described for the synthesis of ketone 191a, Weinreb amide 210c
(202.1 mg, 0.88 mmol, 0.2 equiv.) was used to react with 211b prepared earlier in
THF (6 mL) for 2 h to yield ketone 212d as an off-white amorphous solid (100.2 mg,
0.47 mmol, 53%). Eluent system of Et,O-hexane (1:6) was used in centrifugal radial
TLC purification. Rf = 0.72 (Et,O-hexane, 4:1); IR (neat) vmax 2959, 2933, 2874, 1703,
1406, 1366, 1324, 1121, 1037 cm™; *H NMR (CDCls, 400 MHz) & 7.80 (dt, J = 9.1,
5.0 Hz, 3H), 7.66 (s, 1H), 7.53 — 7.39 (m, 2H), 7.32 (dd, J = 8.4, 1.5 Hz, 1H), 3.83 (s,
2H), 2.45 (t, J = 7.3 Hz, 2H), 1.59 (dq, J = 14.6, 7.4 Hz, 2H), 0.86 (td, J = 7.4, 1.3 Hz,
3H); *C NMR (CDCls, 100 MHz) & 208.6, 133.5, 132.4, 131.9, 128.4, 128.1, 127.7,

127.6, 127.5, 126.2, 125.8, 50.3, 44.0, 17.2, 13.6; HRESIMS m/z 213.1287 [M + H]"

S
@J\)i/\

1-(Benzo[b]thiophen-3-yl)pentan-2-one (212e). Small portion (about 10%) of 1-

(calcd for Ci5H1701, 2131279)

bromopropane (0.6 mL, 6.61 mmol, 1 equiv.) in THF (2 mL) was added to Mg

turnings (314.0 mg, 12.9 mmol, 2 equiv.) in THF (3 mL). The remaining portion of
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the bromide was added dropwise into the stirring reaction mixture at room
temperature. The resulting mixture was heated and stirred for 5 min before left to cool
to room temperature to afford propylmagnesium bromide (211b). Following the
method to prepare ketone 191a, Weinreb amide 210d (238.0 mg, 1.01 mmol, 0.2
equiv.) was used to react with 211b prepared earlier in THF (6 mL) for 2 h to afford
ketone 212e as a yellow oil (83.5 mg, 0.38 mmol, 38%). Eluent system of Et,O-
hexane (1:7) was used in centrifugal radial TLC purification. R¢ = 0.71 (Et,O—hexane,
4:1); IR (neat) vmax 2960, 2931, 2874, 1709, 1427, 1363, 1123, 1021 cm™; 'H NMR
(CDCls, 700 MHz) § 7.87 (d, J = 8.1 Hz, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.42 — 7.34 (m,
2H), 7.30 (s, 1H), 3.91 (s, 2H), 2.45 (t, J = 7.3 Hz, 2H), 1.59 (h, J = 7.4 Hz, 2H), 0.86
(t, J = 7.4 Hz, 3H); *C NMR (CDCls, 175 MHz) & 207.7, 140.2, 138.6, 128.9, 124.5,
124.5, 124.3, 122.9, 121.7, 43.6, 43.2, 17.2, 13.6; HRESIMS (LC/MS) (tr = 5.68 min

ora min run) mj/z . + calcd 10r Cq13H4150193, . .
for a 30 min run) m/z 219.0842 [M + H]* (calcd for C15H1501Ss, 219.0842)

S

=

1-(Thiophen-2-yl)pentan-2-one (212f). Following the general procedure described
for the synthesis of ketone 191a, Weinreb amide 210e (636.0 mg, 3.43 mmol, 1 equiv.)
was used to react with propylmagnesium chloride (190b) (2.0 M in Et,0) (7 mL, 14.0
mmol, 4 equiv.) in THF (9 mL) for 2 h to yield ketone 212f as a light yellow oil
(133.0 mg, 0.79 mmol, 23%). Eluent system of Et,O-hexane (1:5) was used in
centrifugal radial TLC purification. R = 0.63 (Et,O-hexane, 7:1); IR (neat) vmax 2963,
2877, 1709, 1413, 1210, 1037 cm™; *H NMR (CDCls, 400 MHz) & 7.25 — 7.18 (m,
1H), 6.98 (dd, J = 5.1, 3.5 Hz, 1H), 6.92 — 6.86 (m, 1H), 3.88 (s, 2H), 2.48 (t, J = 7.3

Hz, 2H), 1.61 (h, J = 7.4 Hz, 2H), 0.90 (t, J = 7.4 Hz, 3H); *C NMR (CDCls, 100
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MHz) 6 207.0, 135.4, 127.0, 126.7, 125.0, 43.6, 43.6, 17.2, 13.6; HRESIMS m/z

169.0686 [M + H]" (calcd for CoH130:S;, 169.0687).

o]

\ |
1-(Furan-2-yl)pentan-3-one (212g). Small portion (about 10%) of bromoethane
(0.61 mL, 8.2 mmol, 1 equiv.) in THF (5 mL) was added to Mg turnings (408.1 mg,
16.8 mmol, 2 equiv.) in THF (3 mL). The remaining portion of the bromide was
added dropwise into the stirring reaction mixture at room temperature. The resulting
mixture was heated and stirred for 5 min before left to cool to room temperature to
afford ethylmagnesium bromide (211a). Following the method to prepare ketone 191a,
Weinreb amide 210f (307.1 mg, 1.68 mmol, 0.2 equiv.) was used to react with 211a
prepared earlier in THF (10 mL) for 2 h to afford ketone 2129 as a yellow oil (182.2
mg, 1.2 mmol, 71%). Eluent system of Et,O-hexane (1:6) was used in centrifugal
radial TLC purification. Rf = 0.83 (Et,O-hexane, 7:1); IR (neat) vmax 2925, 2858,
1711, 1369, 1261, 1090, 1020 cm™;*H NMR (CDCls, 700 MHz) & 7.29 (dd, J = 1.9,
0.8 Hz, 1H), 6.27 (dd, J = 3.1, 1.9 Hz, 1H), 5.99 (dd, J = 3.2, 1.0 Hz, 1H), 2.92 (t, J =
7.5 Hz, 2H), 2.76 (t, 3 = 7.5 Hz, 2H), 2.44 (q, J = 7.3 Hz, 2H), 1.06 (t, J = 7.3 Hz, 3H);
3C NMR (CDCls, 175 MHz) & 210.1, 154.7, 141.1, 110.2, 105.1, 40.4, 36.0, 22.2, 7.8;

HRESIMS m/z 153.0912 [M + H]" (calcd for CgH130,, 153.0916).

XQ\»M

o,

Tert-butyl 2-(2-oxopentyl)pyrrolidine-1-carboxylate (212h). Small portion (about

10%) of 1-bromopropane (0.7 mL, 7.71 mmol, 1 equiv.) in THF (5 mL) was added to
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Mg turnings (374.6 mg, 15.4 mmol, 2 equiv.) in THF (3 mL). The remaining portion
of the bromide was added dropwise into the stirring reaction mixture at room
temperature. The resulting mixture was heated and stirred for 5 min before left to cool
to room temperature to afford propylmagnesium bromide (211b). Following the
method to prepare ketone 191a, Weinreb amide 210g (696.4 mg, 2.56 mmol, 0.3
equiv.) was used to react with 211b prepared earlier in THF (8 mL) for 2 h to afford
ketone 212h as a yellow oil (83.5 mg, 1.48 mmol, 58%). Eluent system of Et,O-
hexane (1:4) was used in centrifugal radial TLC purification. Rs = 0.62 (Et,O—hexane,
2:1); IR (neat) vmax 2966, 2880, 1688, 1390, 1165, 1107 cm™; *H NMR (CDCls, 700
MHz) § 4.23 — 4.08 (m, 1H), 3.44 — 3.22 (m, 2H), 3.13 — 2.84 (m, 1H), 2.51 — 2.31 (m,
3H), 2.06 (dg, J = 12.7, 8.2 Hz, 1H), 1.90 — 1.73 (m, 2H), 1.65 — 1.56 (m, 3H), 1.46 (s,
9H), 1.03 — 0.82 (m, 3H); *C NMR (CDCls, 175 MHz) & 209.9, 209.7, 154.4, 154.3,
79.5, 79.2, 53.6, 53.4, 47.7, 46.9, 46.6, 46.1, 45.3, 45.1, 31.5, 30.8, 28.5, 23.6, 22.8,

17.3, 17.1, 13.7; HRESIMS m/z 256.1902 [M + H]" (calcd for C14H6N1O3, 256.1913).

O

M

8-Phenyloctan-4-one (212i).2®® Following the general procedure described for the
synthesis of ketone 191a, Weinreb amide 210h (435.9 mg, 1.97 mmol, 1 equiv.) was
used to react with propylmagnesium chloride (190b) (2.0 M in Et,0) (3 mL, 6.0
mmol, 3 equiv.) in THF (6 mL) for 2 h to yield ketone 212i as a yellow oil (363.3 mg,
1.78 mmol, 90%). Eluent system of EtOAc-hexane (1:6) was used in centrifugal
radial TLC purification. R = 0.54 (EtOAc-hexane, 1:4); IR (neat) vmax 2934, 2870,
1710, 1455, 1370, 1125, 1026 cm™; *H NMR (CDCls, 700 MHz) & 7.30 — 7.24 (m,

2H), 7.20 — 7.14 (m, 3H), 2.66 — 2.60 (m, 2H), 2.44 — 2.39 (m, 2H), 2.36 (t, J = 7.3 Hz,
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2H), 1.66 — 1.55 (m, 6H), 0.90 (t, J = 7.4 Hz, 3H); **C NMR (CDCl;, 175 MHz) §
211.3, 142.2, 128.4, 128.3, 125.7, 44.7, 42.6, 35.8, 31.1, 23.5, 17.3, 13.8; HRESIMS
m/z 205.1595 [M + H]" (calcd for C14H2104, 205.1592). The spectroscopic data are in

good agreement with those reported in the literature.?®®

O

W

7-Phenylheptan-3-one (212j).2%* Small portion (about 10%) of bromoethane (0.8 mL,
10.7 mmol, 1 equiv.) in THF (5 mL) was added to Mg turnings (502.6 mg, 20.7 mmol,
1.9 equiv.) in THF (5 mL). The remaining portion of the bromide was added dropwise
into the stirring reaction mixture at room temperature. The resulting mixture was
heated and stirred for 5 min before left to cool to room temperature to afford
ethylmagnesium bromide (211a). Following the method to prepare ketone 191a,
Weinreb amide 210h (456.7 mg, 2.06 mmol, 0.2 equiv.) was used to react with 211a
prepared earlier in THF (10 mL) for 2 h to afford ketone 212j as a yellow oil (346.0
mg, 1.82 mmol, 88%). Eluent system of EtOAc—hexane (1:6) was used in centrifugal
radial TLC purification. R = 0.64 (EtOAc-hexane, 1:2); IR (neat) vmax 3027, 2973,
2934, 1711, 1455, 1369, 1113, 1025 cm™; *H NMR (CDCls, 700 MHz) & 7.30 — 7.14
(m, 5H), 2.68 — 2.58 (M, 2H), 2.45 — 2.38 (m, 4H), 1.69 — 1.56 (m, 4H), 1.04 (t, J =
7.3 Hz, 3H); *C NMR (CDCls, 175 MHz) & 211.7, 142.2, 128.4, 128.3, 125.7, 42.2,
35.9, 35.8, 31.1, 23.6, 7.8; HRESIMS m/z 191.1442 [M + H]" (calcd for Ci3H1901,
191.1436). The spectroscopic data are in good agreement with those reported in the

literature.?*
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Qi
1-Phenylbutan-2-one (212k).?®® Small portion (about 10%) of bromoethane (1 mL,
13.4 mmol, 1 equiv.) in THF (5 mL) was added to Mg turnings (548.5 mg, 22.6 mmol,
1.7 equiv.) in THF (3 mL). The remaining portion of the bromide was added dropwise
into the stirring reaction mixture at room temperature. The resulting mixture was
heated and stirred for 5 min before left to cool to room temperature to afford
ethylmagnesium bromide (211a). Following the method to prepare ketone 191a,
Weinreb amide 186 (396.6 mg, 2.21 mmol, 0.2 equiv.) was used to react with 211a
prepared earlier in THF (10 mL) for 2 h to afford ketone 212k as a yellow oil (113.0
mg, 0.76 mmol, 34%). Eluent system of Et,O—hexane (1:6) was used in centrifugal
radial TLC purification. Rf = 0.72 (Et,O-hexane, 4:1); IR (neat) vmax 3030, 2978,
2938, 1710, 1454, 1349, 1109, 1036 cm™; *H NMR (CDCls, 700 MHz) § 7.35 — 7.19
(m, 5H), 3.69 (s, 2H), 2.48 (g, J = 7.3 Hz, 2H), 1.03 (t, J = 7.3 Hz, 3H); *C NMR
(CDCls, 175 MHz) 6 209.1, 134.5, 129.4, 128.7, 126.9, 49.8, 35.2, 7.8; HRESIMS
m/z 149.0961 [M + H]" (calcd for C1oH130;, 149.0966). The spectroscopic data are in

good agreement with those reported in the literature.?®®

LT
1,4-Diphenylhexan-3-one (212l). Following the method to prepare ketone 191a,
Weinreb amide 210m (385.8 mg, 1.86 mmol, 1 equiv.) was used to react with
phenethylmagnesium chloride (190a) (1.0 M in THF) (7 mL, 7.0 mmol, 3.8 equiv.) in
THF (6 mL) for 2 h to yield ketone 2121 as a light yellow oil (390.8 mg, 1.55 mmol,

83%). Eluent system of Et,O-hexane (1:7) was used in centrifugal radial TLC
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purification. R = 0.54 (Et,O-hexane, 1:4); IR (neat) vmax 3029, 2955, 1708, 1453,
1359, 1071 cm™; *H NMR (CDCls, 700 MHz) & 7.32 — 7.03 (m, 10H), 3.48 (t, J= 7.4
Hz, 1H), 2.85 (ddd, J = 14.8, 9.0, 6.4 Hz, 1H), 2.75 (ddd, J = 14.3, 9.3, 6.0 Hz, 1H),
2.72 — 2.62 (m, 2H), 2.05 (dp, J = 14.5, 7.3 Hz, 1H), 1.70 (dp, J = 15.0, 7.5 Hz, 1H),
0.80 (t, J = 7.4 Hz, 3H); *C NMR (CDCls;, 175 MHz) § 209.6, 141.0, 138.8, 128.8,
128.4, 128.3, 128.2, 127.2, 126.0, 61.0, 43.4, 29.8, 25.1, 12.1; HRESIMS m/z

253.1591 [M + H]* (calcd for C1gH,;01, 253.1592).

O o}

OMe O
1-Methoxy-1,4-diphenylbutan-2-one (212m). Small portion (about 10%) of (2-
bromoethyl)benzene (222) (1.02 g, 5.51 mmol, 1 equiv.) in THF (5 mL) was added to
Mg turnings (288.1 mg, 11.9 mmol, 2.2 equiv.) in THF (5 mL). The remaining
portion of the bromide was added dropwise into the stirring reaction mixture at room
temperature. The resulting mixture was heated and stirred for 5 min before left to cool
to room temperature to afford phenethylmagnesium bromide (211c). Following the
general procedure described for the synthesis of ketone 191a, Weinreb amide 210i
(324.9 mg, 1.55 mmol, 0.3 equiv.) was used to react with 211c prepared earlier in
THF (10 mL) for 2 h to yield ketone 212m as a light yellow oil (334.3 mg, 1.31 mmol,
85%). Eluent system of Et,O-hexane (1:5) was used in centrifugal radial TLC
purification. Rs = 0.61 (Et,O-hexane, 3:1); IR (neat) vmax 3029, 2924, 1717, 1087 cmt:
'H NMR (CDCls, 400 MHz) & 7.41 — 7.03 (m, 10H), 4.64 (s, 1H), 3.32 (s, 3H), 2.87 —
2.64 (m, 4H); **C NMR (CDCls, 100 MHz) & 207.6, 140.9, 135.7, 128.8, 128.6, 128.4,
128.3, 127.2, 126.0, 89.2, 57.2, 39.1, 29.3; HRESIMS m/z 272.1418 [M + H,0]"

(calcd for C17H2003, 2721412)
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SOUUN
1-(1,3-Benzdioxol-5-yl)pentan-2-one (212n). Small portion (about 10%) of 1-
bromopropane (0.65 mL, 7.15 mmol, 1 equiv.) in THF (6 mL) was added to Mg
turnings (349.3 mg, 14.4 mmol, 2 equiv.) in THF (2 mL). The remaining portion of
the bromide was added dropwise into the stirring reaction mixture at room
temperature. The resulting mixture was heated and stirred for 5 min before left to cool
to room temperature to afford propylmagnesium bromide (211b). Following the
method to prepare ketone 191a, Weinreb amide 210j (395.2 mg, 1.77 mmol, 0.2
equiv.) was used to react with 211b prepared earlier in THF (5 mL) for 2 h to afford
ketone 212n as a yellow oil (263.9 mg, 1.28 mmol, 72%). Eluent system of Et,O-
hexane (1:3) was used in centrifugal radial TLC purification. Rf = 0.61 (Et,O—hexane,
3:1); IR (neat) vimax 2962, 2880, 1709, 1489, 1442, 1243, 1035 cm™; *H NMR (CDCls,
700 MHz) & 6.76 (d, J = 7.8 Hz, 1H), 6.68 (d, J = 1.7 Hz, 1H), 6.64 (dd, J = 7.9, 1.7
Hz, 1H), 5.95 (s, 2H), 3.58 (s, 2H), 2.42 (t, J = 7.3 Hz, 2H), 1.58 (h, J = 7.4 Hz, 2H),
0.88 (t, J = 7.4 Hz, 3H); *C NMR (CDCls, 175 MHz) § 208.6, 147.8, 146.6, 127.9,
122.5, 109.8, 108.4, 101.0, 49.7, 43.8, 17.2, 13.7; HRESIMS m/z 207.1021 [M + H]"

(calcd for C12H1503, 2071021)

\Q\)i/\
1-(p-Tolyl)pentan-2-one (2120).2%° Following the general procedure described for the
synthesis of ketone 191a, Weinreb amide 210k (402.6 mg, 2.08 mmol, 1 equiv.) was
used to react with propylmagnesium chloride (190b) (2.0 M in Et,O) (5 mL, 10.0
mmol, 4.8 equiv.) in THF (6 mL) for 2 h to yield ketone 2120 as a light yellow oil

(241.0 mg, 1.37 mmol, 66%). Eluent system of Et,O-hexane (1:4) was used in
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centrifugal radial TLC purification. R¢ = 0.63 (Et,O—hexane, 3:1); IR (neat) vmax 2962,
2932, 1710, 1514, 1457, 1411, 1365, 1187, 1122, 1047 cm™; 'H NMR (CDCls, 700
MHz) § 7.16 — 7.06 (m, 4H), 3.62 (s, 2H), 2.41 (t, J = 7.3 Hz, 2H), 2.33 (s, 3H), 1.57
(h, J = 7.4 Hz, 2H), 0.86 (t, J = 7.5 Hz, 3H); **C NMR (CDCls;, 175 MHz) & 208.8,
136.5, 131.3, 129.4, 129.2, 49.8, 43.8, 21.1, 17.2, 13.7; HRESIMS m/z 177.1279 [M +
H]" (calcd for Ci,H1701, 177.1279). The spectroscopic data are in good agreement

with those reported in the literature.?®

1-(4-Chlorophenyl)pentan-2-one  (212p).?®” Small portion (about 10%) of 1-
bromopropane (0.9 mL, 9.91 mmol, 1 equiv.) in THF (5 mL) was added to Mg
turnings (507.6 mg, 20.9 mmol, 2.1 equiv.) in THF (2 mL). The remaining portion of
the bromide was added dropwise into the stirring reaction mixture at room
temperature. The resulting mixture was heated and stirred for 5 min before left to cool
to room temperature to afford propylmagnesium bromide (211b). Following the
general procedure described for the synthesis of ketone 191a, Weinreb amide 210n
(543.7 mg, 2.54 mmol, 0.3 equiv.) was used to react with 211b prepared earlier in
THF (10 mL) for 2 h to yield ketone 212p as a yellow oil (230.5 mg, 1.17 mmol,
46%). Eluent system of Et,O-hexane (1:5) was used in centrifugal radial TLC
purification. Ry = 0.69 (Et,O—hexane, 3:1); IR (neat) vmax 2948, 1714, 1334, 1086 cm™;
'H NMR (CDCls, 700 MHz) & 7.32 — 7.28 (m, 2H), 7.19 — 7.09 (m, 2H), 3.65 (s, 2H),
2.43 (t, J = 7.3 Hz, 2H), 1.59 (h, J = 7.4 Hz, 2H), 0.88 (t, J = 7.4 Hz, 3H); °C NMR
(CDCls, 175 MHz) 6 207.9, 132.9, 132.7, 130.8, 128.8, 49.2, 44.1, 17.2, 13.6;
HRESIMS m/z 197.0726 [M + H]* (caled for CyHi®ClLO;, 197.0733). The
spectroscopic data are in good agreement with those reported in the literature.?®’
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1-(4-Chlorophenyl)-4-phenylbutan-2-one (212q). Following the method to prepare
ketone 191a, Weinreb amide 210n (382.1 mg, 1.79 mmol, 1 equiv.) was used to react
with phenethylmagnesium chloride (190a) (1.0 M in THF) (8 mL, 8.0 mmol, 4.5
equiv.) in THF (5 mL) for 2 h to yield ketone 212q as a yellow amorphous solid
(146.5 mg, 0.57 mmol, 32%). Eluent system of Et,O-hexane (1:4) was used in
centrifugal radial TLC purification. Rs = 0.67 (Et,O-hexane, 3:1); IR (neat) vmax 3028,
2931, 1710, 1490, 1453, 1410, 1358, 1324, 1076, 1014 cm™; 'H NMR (CDCls, 700
MHz) § 7.34 — 7.03 (m, 9H), 3.63 (s, 2H), 2.87 (t, J = 7.5 Hz, 2H), 2.77 (t, J = 7.6 Hz,
2H); °C NMR (CDCls, 175 MHz) & 206.8, 140.7, 133.0, 132.4, 130.7, 128.8, 128.5,
128.3, 126.2, 49.5, 43.6, 29.8; HRESIMS m/z 259.0894 [M + H]" (calcd for

Ci6H16°Cl, 01, 259.0890).

6.1.3.4 Reductive amination

OMe

OMe

l OMe

N-(3,4-Dimethoxyphenethyl)-1-(3,4-dimethoxy-phenyl)-4-(4-methoxy-phenyl)-butan-2-

MeO
© O HN
MeO

amine (215a). To a stirring solution of ketone 191d (207.3 mg, 0.66 mmol, 1 equiv.) in
CICH,CH,CI (5 mL) was added DMPEA (176) (133.6 mg, 0.74 mmol, 1.1 equiv.),
NaBH(OAC)s3 (224.4 mg, 1.06 mmol, 1.6 equiv.) and AcOH (0.04 mL, 0.70 mmol, 1.1

equiv.). The solution was stirred at room temperature for 22.5 h before addition of 1
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M NaOH solution (9 mL). The mixture was then extracted with EtOAc (3 X 10 mL).
The combined organic layer was washed with brine (10 mL) and subsequently dried
with Na,SO, before concentrated in vacuo. The crude product was purified by
centrifugal radial TLC using an eluent system of Et,O—hexane (1:3) to yield 215a as
an orange oil (151.1 mg, 0.32 mmol, 48%). R; = 0.07 (Et,O-hexane, 9:1); IR (neat)
vmax 3310, 3002, 2936, 2836, 1732, 1610, 1590, 1520, 1456, 1259, 1156, 1141, 1030
cm™: 'H NMR (CDCls, 600 MHz) & 7.08 — 7.03 (m, 2H), 6.83 — 6.77 (m, 2H), 6.72
(dd, J =8.1, 1.7 Hz, 2H), 6.66 — 6.58 (m, 4H), 3.86 (s, 3H), 3.85 (s, 3H), 3.82 (s, 3H),
3.82 (s, 3H), 3.77 (s, 3H), 3.03 — 2.53 (m, 9H), 1.82 (d, J = 42.0 Hz, 2H); °C NMR
(CDCls, 150 MHz) ¢ 157.8, 149.0, 148.9, 147.6, 147.6, 133.7, 131.4, 130.9, 129.2,
121.1,120.5, 113.8, 112.2, 111.8, 111.2, 111.2, 58.9, 55.9, 55.8, 55.3, 48.1, 39.5, 34.9,

34.79, 30.9; HRESIMS m/z 480.2753 [M + H]* (calcd for CogH3sN10s, 480.2750).

HN

N-Phenethyl-1,4-diphenyl-butan-2-amine (215b). Following the method to prepare
amine 215a, PEA (213a) (0.32 mL, 2.60 mmol, 1.1 equiv.), NaBH(OAC); (815.9 mg,
3.85 mmol, 1.6 equiv.) and AcOH (0.14 mL, 2.45 mmol, 1 equiv.) were used to react
with ketone 191a (537.0 mg, 2.39 mmol, 1 equiv.) in CICH,CH,CI (15 mL) for 23.5h
to afford amine 215b as a light yellow oil (654.1 mg, 1.99 mmol, 83%). Eluent system
of Et,O-hexane (1:3) was used in centrifugal radial TLC purification. Rf = 0.64
(Et,O—hexane, 7:1); IR (neat) vmax 3314, 3062, 3026, 2925, 2855, 1602, 1495, 1454,
1121, 1030 cm™; *H NMR (CDCls, 600 MHz) § 7.29 — 7.20 (m, 6H), 7.20 — 7.14 (m,

3H), 7.14 — 7.05 (m, 6H), 2.93 — 2.58 (m, 9H), 1.77 — 1.68 (m, 2H); *C NMR (CDCl,
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150 MHz) 6 142.3, 139.9, 139.2, 129.2, 128.6, 128.4, 128.4, 128.3, 126.1, 125.7, 58.5,
48.2, 40.5, 36.4, 35.3, 32.0; HRESIMS m/z 330.2240 [M + H]" (calcd for CasHasN1,

330.2222).

HN

1,4-Diphenyl-N-propylbutan-2-amine (215c). Following the method to prepare
amine 215a, propylamine (213b) (0.09 mL, 1.09 mmol, 1.2 equiv.), NaBH(OAC)3
(304.5 mg, 1.44 mmol, 1.6 equiv.) and AcOH (0.06 mL, 1.05 mmol, 1.2 equiv.) were
used to react with ketone 191a (197.4 mg, 0.88 mmol, 1 equiv.) in CICH,CH,CI (5
mL) for 23.5 h to afford amine 215c as a light yellow oil (114.9 mg, 0.43 mmol, 49%).
Eluent system of Et,O-—hexane (1:4) was used in centrifugal radial TLC purification.
Rs = 0.5 (Et,0-hexane, 9:1); IR (neat) vmax 3319, 3026, 2930, 1602, 1495, 1453, 1122,
1030 cm™;*H NMR (CDCls, 600 MHz) & 7.31 — 7.14 (m, 10H), 2.85 — 2.75 (m, 2H),
2.75—2.65 (m, 3H), 2.58 (ddd, J = 11.1, 8.0, 6.4 Hz, 1H), 2.50 (ddd, J = 11.1, 7.8, 6.4
Hz, 1H), 1.79 — 1.68 (m, 2H), 1.46 — 1.34 (m, 2H), 0.84 (t, J = 7.4 Hz, 3H); °C NMR
(CDCl3, 150 MHz) 6 142.5, 139.5, 129.3, 128.4, 128.3, 128.3, 126.1, 125.7, 58.6,
48.9, 40.7, 35.5, 32.1, 23.4, 11.8; HRESIMS m/z 268.2062 [M + H]" (calcd for

C19H26N1, 268.2065).
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0

N-Phenethyl-1-phenylpentan-3-amine (215d). Following the method to prepare
amine 215a, PEA (213a) (0.17 mL, 1.38 mmol, 1.1 equiv.), NaBH(OACc); (431.8 mg,
2.04 mmol, 1.6 equiv.) and AcOH (0.075 mL, 1.31 mmol, 1 equiv.) were used to react
with ketone 212a (206.3 mg, 1.27 mmol, 1 equiv.) in CICH,CH,CI (5 mL) for 22 h to
afford amine 215d as a yellow oil (245.6 mg, 0.92 mmol, 72%). Eluent system of
Et,O-hexane (1:5) was used in centrifugal radial TLC purification. R¢ = 0.58 (Et,O-
hexane, 9:1); IR (neat) vmax 3326, 3026, 2930, 1603, 1495, 1454, 1139, 1030 cm™; *H
NMR (CDCls, 600 MHz) & 7.33 — 7.09 (m, 10H), 2.90 — 2.79 (m, 2H), 2.79 — 2.72 (m,
2H), 2.60 — 2.50 (m, 2H), 2.50 — 2.42 (m, 1H), 1.72 — 1.63 (m, 2H), 1.49 — 1.41 (m,
2H), 0.86 — 0.81 (m, 3H); **C NMR (CDCls, 150 MHz) 5 142.6, 140.2, 128.7, 128.4,
128.3, 126.1, 125.7, 58.2, 48.2, 36.7, 35.2, 32.0, 26.3, 9.8; HRESIMS m/z 268.2057

[M + H]+ (C&lCd for C19HosN1, 2682065)

BN

N-Phenethyl-1-phenylpentan-2-amine (215e). Following the method to prepare
amine 215a, PEA (213a) (0.11 mL, 0.89 mmol, 1.1 equiv.), NaBH(OACc); (272.1 mg,
1.28 mmol, 1.6 equiv.) and AcOH (0.05 mL, 0.87 mmol, 1.1 equiv.) were used to
react with ketone 191b (130.1 mg, 0.80 mmol, 1 equiv.) in CICH,CH,CI (4 mL) for

18 h to afford amine 215e as a yellow oil (56.2 mg, 0.21 mmol, 26%). Eluent system
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of Et,O-hexane (1:4) was used in centrifugal radial TLC purification. Rf = 0.59
(Et,0-hexane, 9:1); IR (neat) vmax 3326, 3026, 2956, 2930, 1603, 1496, 1454, 1139,
1030 cm™; *H NMR (CDCls, 600 MHz) & 7.27 — 7.21 (m, 4H), 7.20 — 7.15 (m, 2H),
7.13 — 7.08 (m, 4H), 2.95 — 2.86 (M, 1H), 2.86 — 2.79 (m, 1H), 2.79 — 2.60 (m, 5H),
1.46 — 1.39 (m, 1H), 1.39 — 1.27 (m, 3H), 0.88 (t, J = 6.8 Hz, 3H); *C NMR (CDCl;,
150 MHz) & 139.8, 139.4, 129.2, 128.6, 128.4, 128.4, 126.1, 126.1, 59.0, 48.2, 40.5,
36.2, 35.9, 19.0, 14.3; HRESIMS m/z 268.2048 [M + H]" (calcd for CigHzsNy,

268.2065).

SN

N-(2-(Cyclohex-1-en-1-yl)ethyl)-1-phenylpentan-2-amine (215f). Following the
method to prepare amine 215a, 2-(1-cyclohexenyl)ethylamine (213c) (132.3 mg, 1.06
mmol, 1.3 equiv.), NaBH(OACc); (271.0 mg, 1.28 mmol, 1.6 equiv.) and AcOH (0.05
mL, 0.87 mmol, 1.1 equiv.) were used to react with ketone 191b (127.8 mg, 0.79
mmol, 1 equiv.) in CICH,CH,CI (6 mL) for 22.5 h to afford amine 215f as a yellow
oil (52.4 mg, 0.19 mmol, 24%). Eluent system of Et,O-hexane (1:4) was used in
centrifugal radial TLC purification. Rf = 0.5 (Et,O-hexane, 3:1); IR (neat) vimax 3315,
2923, 1454, 1136 cm™; *H NMR (CDCls, 700 MHz) & 7.31 — 7.16 (m, 5H), 5.33 (it, J
= 3.6, 1.6 Hz, 1H), 2.81 — 2.61 (m, 5H), 2.57 (dt, J = 11.2, 7.0 Hz, 1H), 2.08 (t, J =
6.8 Hz, 2H), 1.90 — 1.85 (m, 2H), 1.83 — 1.72 (m, 2H), 1.58 — 1.30 (m, 7H), 0.92 (t, J
= 7.1 Hz, 3H); **C NMR (CDCls, 175 MHz) & 139.6, 134.9, 129.3, 128.4, 126.2,
123.2, 59.4, 44.5, 40.8, 37.9, 36.0, 27.8, 25.2, 22.8, 22.3, 19.1, 14.3; HRESIMS m/z

272.2390 [M + H]* (calcd for CioH3oNy, 272.2378).
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SN

1-Cyclohexyl-N-phenethylpentan-2-amine (215g). Following the method to prepare
amine 215a, PEA (213a) (0.16 mL, 1.30 mmol, 1.1 equiv.), NaBH(OACc); (411.0 mg,
1.94 mmol, 1.6 equiv.) and AcOH (0.07 mL, 1.22 mmol, 1 equiv.) were used to react
with ketone 212b (201.9 mg, 1.20 mmol, 1 equiv.) in CICH,CH,CI (10 mL) for 23 h
to afford amine 215¢g as a yellow oil (193.9 mg, 0.71 mmol, 59%). Eluent system of
Et,O-hexane (1:9) was used in centrifugal radial TLC purification. Rs = 0.48 (Et,O-
hexane, 1:3); IR (neat) vmax 3341, 2918, 2848, 1450, 1105 cm™; *H NMR (CDCls, 400
MHz) § 7.33 — 7.13 (m, 5H), 2.93 — 2.72 (m, 4H), 2.53 (p, J = 5.8 Hz, 1H), 1.70 —
1.56 (m, 5H), 1.44 — 1.06 (m, 10H), 0.88 (t, J = 7.1 Hz, 3H), 0.84 — 0.75 (m, 2H); *C
NMR (CDCls, 175 MHz) & 140.1, 128.7, 128.4, 126.2, 54.6, 48.3, 42.4, 36.7, 36.4,
34.4, 33.9, 33.5, 26.6, 26.3, 26.3, 18.8, 14.4; HRESIMS m/z 274.2526 [M + H]"

(calcd for CioHaoN1, 2742535)

HN

NN

1-Cyclopropyl-N-phenethylpentan-2-amine (215h). Following the method to
prepare amine 215a, PEA (213a) (0.12 mL, 0.98 mmol, 1.2 equiv.), NaBH(OAC);
(273.6 mg, 1.29 mmol, 1.6 equiv.) and AcOH (0.05 mL, 0.87 mmol, 1 equiv.) were
used to react with ketone 212c¢ (105.0 mg, 0.83 mmol, 1 equiv.) in CICH,CH,CI (10

mL) for 24 h to afford amine 215h as a yellow oil (132.6 mg, 0.57 mmol, 69%).
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Eluent system of Et,O—hexane (1:3) was used in centrifugal radial TLC purification.
Rt = 0.27 (Et,0-hexane, 1:3); IR (neat) vmax 3339, 2956, 2920, 2870, 1455, 1105,
1015 cm™; *H NMR (CDCls, 400 MHz) § 7.34 — 7.15 (m, 5H), 2.93 — 2.72 (m, 3H),
2.57 (p, J = 6.0 Hz, 1H), 1.59 — 1.12 (m, 6H), 0.89 (t, J = 7.2 Hz, 3H), 0.64 — 0.49 (m,
1H), 0.40 — 0.31 (m, 2H), 0.03 — -0.06 (m, 3H); **C NMR (CDCls, 100 MHz) & 140.2,
128.7, 128.4, 126.1, 58.2, 48.6, 39.1, 36.6, 36.5, 19.0, 14.4, 7.8, 4.7, 4.0; HRESIMS

m/z 232.2069 [M + H]" (calcd for C16H26N3, 232.2065).

HN

/\/\/\)\/\

N-Phenethylundecan-4-amine (215i). Following the method to prepare amine 215a,
PEA (213a) (0.08 mL, 0.65 mmol, 1.1 equiv.), NaBH(OACc)s (209.2 mg, 0.99 mmol,
1.6 equiv.) and AcOH (0.04 mL, 0.70 mmol, 1.1 equiv.) were used to react with 4-
undecanone (212r) (104.6 mg, 0.61 mmol, 1 equiv.) in CICH,CH,CI (8 mL) for 22 h
to afford amine 215i as a yellow oil (121.3 mg, 0.44 mmol, 72%). Eluent system of
Et,O-hexane (1:1) was used in centrifugal radial TLC purification. Rs = 0.57 (Et,O-
hexane, 4:1); IR (neat) vmax 3328, 2922, 1462, 1358, 1116 cm™; *H NMR (CDCls, 400
MHz) & 7.34 — 7.14 (m, 5H), 2.93 — 2.73 (m, 4H), 2.46 (p, J = 5.9 Hz, 1H), 1.49 —
1.09 (m, 16H), 0.94 — 0.82 (m, 6H); *C NMR (CDCls;, 100 MHz) & 140.2, 128.7,
128.4,126.1, 57.3, 48.5, 36.6, 36.4, 34.0, 31.9, 29.9, 29.3, 25.7, 22.7, 18.9, 14.4, 14.1;

HRESIMS m/z 276.2697 [M + H]" (calcd for C19H34Nj3, 276.2691).
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o

3-((1-Phenylpentan-2-yl)amino)propanenitrile (215j). Following the method to
prepare amine 215a, 3-amino-propionitrile (213d) (63.5 mg, 0.91 mmol, 1.2 equiv.),
NaBH(OAC)3 (253.4 mg, 1.20 mmol, 1.6 equiv.) and AcOH (0.05 mL, 0.87 mmol, 1.2
equiv.) were used to react with ketone 191b (120.5 mg, 0.74 mmol, 1 equiv.) in
CICH,CH,CI (5 mL) for 23 h to afford amine 215j as a yellow oil (92.8 mg, 0.43
mmol, 58%). Eluent system of Et,O—hexane (1:5) was used in centrifugal radial TLC
purification. R = 0.43 (Et,O-hexane, 3:1); IR (neat) vmax 3333, 2955, 2927, 2865,
2248, 1602, 1456, 1134 cm™; *H NMR (CDCls, 600 MHz) & 7.33 — 7.15 (m, 5H), 2.92
—2.81 (m, 2H), 2.78 (dg, J = 7.2, 5.5 Hz, 1H), 2.73 (dd, J = 13.4, 5.6 Hz, 1H), 2.62
(dd, J = 13.4, 7.3 Hz, 1H), 2.44 — 2.30 (m, 2H), 1.53 — 1.29 (m, 4H), 0.91 (t, J = 7.0
Hz, 3H); BC NMR (CDCls, 150 MHz) 6 139.2, 129.2, 128.5, 126.3, 118.7, 58.5, 42.6,
41.0, 36.4, 19.2, 19.0, 14.2; HRESIMS m/z 217.17107 [M + H]" (calcd for Cy4H1N,

217.17047).

OMe

OMe

P
2-(3,4-Dimethoxyphenyl)-1-(isopropylamino)ethane  (215k).”®  Following the
method to prepare amine 215a, DMPEA (176) (401.8 mg, 2.22 mmol, 1 equiv.),
NaBH(OACc)s (751.8 mg, 3.55 mmol, 1.6 equiv.) and AcOH (0.14 mL, 2.45 mmol, 1.1
equiv.) were used to react with acetone (212s) (0.25 mL, 3.40 mmol, 1.5 equiv.) in

CICH,CH,CI (5 mL) for 24 h to afford amine 215k as an amorphous white solid (21.5
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mg, 0.10 mmol, 5%). Eluent system of 5% MeOH-EtOAc was used in centrifugal
radial TLC purification. R¢ = 0.09 (20% MeOH-EtOAc); IR (neat) vmax 3302, 2962,
2836, 1591, 1514, 1450, 1260, 1236, 1141, 1027 cm™; *H NMR (CDCls3, 600 MHz) 6
6.83 — 6.73 (m, 3H), 3.86 (s, 3H), 3.85 (s, 3H), 3.00 (s, 5H), 1.28 (dd, J = 5.5, 2.8 Hz,
6H); *C NMR (CDCls, 150 MHz) & 149.1, 147.8, 130.8, 120.6, 112.0, 111.4, 55.9,
55.9, 49.7, 47.6, 33.9, 20.9; HRESIMS m/z 224.1661 [M + H]" (calcd for C13H22N; 05,
224.1651). The spectroscopic data are in good agreement with those reported in the

literature.?®

SN

N-(2-(Cyclohex-1-en-1-yl)ethyl)-1-cyclohexylpentan-2-amine (215l). Following the
method to prepare amine 215a, 2-(1-cyclohexenyl)ethylamine (213c) (89.8 mg, 0.72
mmol, 1.2 equiv.), NaBH(OACc)3 (205.0 mg, 0.97 mmol, 1.6 equiv.) and AcOH (0.03
mL, 0.53 mmol, 0.9 equiv.) were used to react with ketone 212b (102.9 mg, 0.61
mmol, 1 equiv.) in CICH,CH,CI (8 mL) for 22 h to afford amine 215l as a yellow oil
(38.3 mg, 0.14 mmol, 23%). Eluent system of EtOAc—hexane (1:2) was used in
centrifugal radial TLC purification. Rf = 0.39 (EtOAc-hexane, 1:1); IR (neat) Vmax
3320, 2910, 1456, 1120 cm™;*H NMR (CDCls, 400 MHz) & 5.49 (tt, J = 3.5, 1.7 Hz,
1H), 2.79 — 2.44 (m, 3H), 2.12 (t, J = 6.8 Hz, 2H), 2.04 — 1.88 (m, 5H), 1.75 — 1.49 (m,
10H), 1.45 — 1.08 (m, 10H), 0.91 (t, J = 7.0 Hz, 3H); *C NMR (CDCls, 100 MHz) &
135.5,123.1, 54.7, 44.5, 42.6, 38.4, 36.9, 34.5, 34.0, 33.5, 28.0, 26.7, 26.4, 26.4, 25.3,
23.0, 22.5, 18.9, 14.4; HRESIMS m/z 278.2838 [M + H]" (calcd for CioHasNj,

278.2848).
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SN

1-Cyclohexyl-N-(2-cyclohexylethyl)pentan-2-amine (215m). Following the method
to prepare amine 215a, 2-cyclohexyl-ethylamine (213e) (94.8 mg, 0.75 mmol, 2
equiv.), NaBH(OAc)s (311.4 mg, 1.47 mmol, 4 equiv.) and AcOH (0.04 mL, 0.70
mmol, 1.9 equiv.) were used to react with ketone 212b (61.7 mg, 0.37 mmol, 1 equiv.)
in CICH,CH.CI (5 mL) for 47 h to afford amine 215m as a light yellow oil (14.3 mg,
0.05 mmol, 14%). Eluent system of EtOAc—hexane (1:6) was used in centrifugal
radial TLC purification. R¢ = 0.30 (EtOAc-hexane, 5:1); IR (neat) vmax 3333, 2919,
2850, 1448, 1108 cm™; 'H NMR (CDCls;, 400 MHz) & 2.70 — 2.49 (m, 3H), 1.75 —
1.61 (m, 9H), 1.50 — 1.07 (m, 17H), 1.00 — 0.79 (m, 7H); *C NMR (CDCls, 100 MHz)
054.6,44.5,42.4, 37.8, 36.7, 35.8, 34.6, 33.9, 33.7, 33.5, 33.4, 26.7, 26.6, 26.4, 26.4,

18.9, 14.4; HRESIMS m/z 280.2994 [M + H]" (calcd for C19H3sNj, 280.3004).

e

SN

1-Cyclohexyl-N-(2-(piperidin-1-yl)ethyl)pentan-2-amine (215n). Following the
method to prepare amine 215a, 1-(2-aminoethyl)piperidine (213f) (98.9 mg, 0.77
mmol, 1.1 equiv.), NaBH(OACc)3 (247.5 mg, 1.17 mmol, 1.6 equiv.) and AcOH (0.04
mL, 0.70 mmol, 1 equiv.) were used to react with ketone 212b (120.0 mg, 0.71 mmol,
1 equiv.) in CICH,CH,CI (8 mL) for 24 h to afford amine 215n as a yellow oil (128.3

mg, 0.46 mmol, 65%). Eluent system of Et,O—hexane (1:3) was used in centrifugal
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radial TLC purification. Rf = 0.17 (Et,O-hexane, 1:3); IR (neat) vmax 3326, 2920,
2850, 2803, 1447, 1120, 1042 cm™; *H NMR (CDCls, 400 MHz) § 2.72 — 2.56 (m,
2H), 2.56 — 2.44 (m, 1H), 2.41 (td, J = 6.2, 3.4 Hz, 2H), 2.38 — 2.30 (m, 4H), 1.78 —
1.60 (m, 5H), 1.56 (p, J = 5.6 Hz, 4H), 1.48 — 1.08 (m, 11H), 0.98 — 0.78 (m, 6H); *C
NMR (CDCls, 100 MHz) & 58.6, 54.8, 54.6, 43.9, 42.7, 37.1, 34.5, 34.1, 33.4, 26.7,
26.5, 26.4, 26.2, 24.6, 18.9, 14.4; HRESIMS m/z 281.2948 [M + H]" (calcd for

C1sHs7No, 281.2957).

e

SN

1-Phenyl-N-(2-(piperidin-1-yl)ethyl)pentan-2-amine (2150). Following the method
to prepare amine 215a, 1-(2-aminoethyl)piperidine (213f) (143.8 mg, 1.12 mmol, 1.1
equiv.), NaBH(OAC); (336.7 mg, 1.59 mmol, 1.6 equiv.) and AcOH (0.07 mL, 1.22
mmol, 1.2 equiv.) were used to react with ketone 191b (160.0 mg, 0.99 mmol, 1
equiv.) in CICH,CH.CI (5 mL) for 24 h to afford amine 2150 as a light yellow oil
(82.2 mg, 0.30 mmol, 30%). Eluent system of Et,O-hexane (4:1) was used in
centrifugal radial TLC purification. Rf = 0.23 (Et,O-hexane, 9:1); IR (neat) vmax 3301,
2931, 2854, 2802, 1453, 1154, 1118, 1041 cm™;*H NMR (CDCls, 700 MHz) & 7.31 —
7.27 (m, 2H), 7.23 — 7.17 (m, 3H), 2.79 — 2.66 (m, 4H), 2.61 (dt, J = 11.5, 6.4 Hz, 1H),
2.44 —2.18 (m, 8H), 1.52 — 1.31 (m, 8H), 0.91 (t, J = 7.0 Hz, 3H); *C NMR (CDCl,
175 MHz) 6 139.6, 129.3, 128.4, 126.1, 59.7, 58.0, 54.4, 43.9, 40.8, 36.0, 25.9, 24.4,

19.1, 14.3; HRESIMS m/z 275.2486 [M + H]" (calcd for C1gH31N,, 275.2487).
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N-(2-Morpholinoethyl)-1-phenylpentan-2-amine (215p). Following the method to
prepare amine 215a, 4-(2-aminoethyl)morpholine (213g) (138.9 mg, 1.07 mmol, 1.1
equiv.), NaBH(OAC); (325.8 mg, 1.54 mmol, 1.6 equiv.) and AcOH (0.06 mL, 1.05
mmol, 1.1 equiv.) were used to react with ketone 191b (155.3 mg, 0.96 mmol, 1
equiv.) in CICH,CH,CI (5 mL) for 25.5 h to afford amine 215p as a light yellow oil
(89.2 mg, 0.32 mmol, 33%). Eluent system of Et,O-hexane (5:1) was used in
centrifugal radial TLC purification. R¢ = 0.18 (Et,O-hexane, 9:1); IR (neat) vmax 3305,
2955, 2930, 2855, 2807, 1454, 1296, 1272, 1116, 1022 cm™; *H NMR (CDCls, 700
MHz) § 7.31 — 7.28 (m, 2H), 7.24 — 7.19 (m, 3H), 3.56 — 3.41 (m, 4H), 2.80 (dd, J =
13.5, 5.1 Hz, 1H), 2.76 — 2.69 (m, 2H), 2.63 (dd, J = 13.4, 8.3 Hz, 1H), 2.55 (ddd, J =
11.7,7.8,5.0 Hz, 1H), 2.46 (ddd, J = 12.7, 7.8, 5.1 Hz, 1H), 2.37 (dt, J = 12.4, 5.3 Hz,
1H), 2.33 — 2.20 (m, 4H), 1.55 — 1.46 (m, 1H), 1.46 — 1.36 (m, 3H), 0.93 (t, J = 7.1 Hz,
3H); *C NMR (CDCls, 175 MHz) & 139.6, 129.3, 128.5, 126.2, 66.9, 59.8, 57.6, 53.3,
43.5, 40.9, 36.3, 19.1, 14.3; HRESIMS m/z 277.2273 [M + H]" (calcd for Cy7H29N,0y,

277.2280).

z

SN

1-Phenyl-N-(2-(pyridine-2-yl)ethyl)pentan-2-amine (215q). Following the method

to prepare amine 215a, 2-(2-pyridyl)ethylamine (213h) (122.5 mg, 1.00 mmol, 1.1
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equiv.), NaBH(OACc); (315.1 mg, 1.48 mmol, 1.6 equiv.) and AcOH (0.06 mL, 1.05
mmol, 1.1 equiv.) were used to react with ketone 191b (148.1 mg, 0.91 mmol, 1
equiv.) in CICH2,CH,CI (5 mL) for 25.5 h to afford amine 215q as an orange oil (87.9
mg, 0.33 mmol, 36%). Eluent system of Et,O—hexane (4:1) was used in centrifugal
radial TLC purification. Rs = 0.2 (Et,O—hexane, 9:1); IR (neat) vmax 3314, 2955, 2927,
1591, 1435, 1140 cm™;*H NMR (CDCls;, 700 MHz) & 8.39 (d, J = 5.2 Hz, 1H), 7.53
(td, J = 7.6, 1.8 Hz, 1H), 7.26 — 7.23 (m, 2H), 7.22 — 7.17 (m, 1H), 7.16 — 7.12 (m,
2H), 7.11 — 7.04 (m, 2H), 3.08 (dt, J = 11.3, 6.7 Hz, 1H), 3.02 — 2.95 (m, 1H), 2.93 (t,
J = 6.8 Hz, 2H), 2.81 (dg, J = 7.9, 5.8 Hz, 1H), 2.75 (dd, J = 13.6, 5.6 Hz, 1H), 2.69
(dd, J = 13.6, 7.6 Hz, 1H), 1.51 — 1.44 (m, 1H), 1.44 — 1.33 (m, 3H), 0.89 (t, J = 7.1
Hz, 3H); *C NMR (CDCls;, 175 MHz) & 160.0, 149.1, 139.3, 136.4, 129.3, 128.4,
126.1, 123.2, 121.2, 59.1, 46.4, 40.4, 37.9, 35.7, 19.0, 14.2; HRESIMS m/z 269.2010

[M + H]" (calcd for C1gH25N,, 269.2018).

N=\

hNH
HN

N-(2-(1H-Imidazol-4-yl)ethyl)-1-phenylpentan-2-amine (215r). Following the
method to prepare amine 215a, histamine (213i) (82.3 mg, 0.74 mmol, 1.2 equiv.),
NaBH(OACc)s3 (213.6 mg, 1.01 mmol, 1.6 equiv.) and AcOH (0.04 mL, 0.70 mmol, 1.1
equiv.) were used to react with ketone 191b (103.5 mg, 0.64 mmol, 1 equiv.) in
CICH,CH,CI (10 mL) for 26 h to afford amine 215r as an orange oil (24.3 mg, 0.09
mmol, 14%). Eluent system of 10% MeOH-EtOAc was used in centrifugal radial
TLC purification. Rt = 0.10 (10% MeOH-EtOAc); IR (neat) vmax 3084, 2956, 2927,

2869, 1455, 1088 cm™; 'H NMR (CDCls, 400 MHz) & 7.36 — 7.14 (m, 6H), 6.66 (s,
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1H), 3.05 — 2.95 (m, 1H), 2.89 — 2.76 (m, 2H), 2.76 — 2.50 (m, 4H), 1.62 — 1.49 (m,
1H), 1.49 — 1.34 (m, 3H), 0.94 (t, J = 7.0 Hz, 3H); *C NMR (CDCls, 100 MHz) &
139.9, 134.1, 134.1, 129.3, 128.6, 126.2, 120.6, 59.2, 46.2, 40.9, 36.0, 30.3, 18.9, 14.3;

HRESIMS m/z 258.1960 [M + H]" (calcd for C1gH24N3, 258.1970).

O

1-(Naphthalen-2-yl)-N-phenethylpentan-2-amine (215s). Following the method to
prepare amine 215a, PEA (213a) (0.07 mL, 0.57 mmol, 1.2 equiv.), NaBH(OAC);
(173.4 mg, 0.82 mmol, 1.7 equiv.) and AcOH (0.03 mL, 0.52 mmol, 1.1 equiv.) were
used to react with ketone 212d (104.5 mg, 0.49 mmol, 1 equiv.) in CICH,CH,CI (4
mL) for 23 h to afford amine 215s as a yellow oil (108.8 mg, 0.34 mmol, 69%).
Eluent system of Et,O-hexane (1:3) was used in centrifugal radial TLC purification.
Rf = 0.57 (Et,0-hexane, 1:4); IR (neat) vmax 3315, 3055, 3025, 2955, 2926, 2869,
1601, 1495, 1454, 1366, 1137 cm™; *H NMR (CDCls, 600 MHz) & 7.79 (d, J = 7.8 Hz,
1H), 7.74 (d, J = 7.8 Hz, 1H), 7.72 (d, J = 8.3 Hz, 1H), 7.55 (s, 1H), 7.48 — 7.40 (m,
2H), 7.25 (d, J = 8.3 Hz, 1H), 7.13 — 7.00 (m, 5H), 2.96 — 2.74 (m, 5H), 2.74 — 2.63
(m, 2H), 1.54 — 1.43 (m, 1H), 1.43 — 1.26 (m, 3H), 0.89 (t, J = 6.9 Hz, 3H); *C NMR
(CDCl3, 150 MHz) & 139.8, 137.1, 133.5, 132.1, 128.5, 128.3, 127.9, 127.6, 127.6,
127.6, 127.5, 126.0, 125.9, 125.2, 58.9, 48.5, 41.1, 36.4, 36.3, 19.0, 14.3; HRESIMS

m/z 318.2218 [M + H]* (calcd for CasHasNy, 318.2222).
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0

N-(2-(1H-1Indol-3-yl)ethyl)-1-phenylpentan-2-amine (215t). Following the method
to prepare amine 215a, tryptamine (213j) (121.0 mg, 0.76 mmol, 1.1 equiv.),
NaBH(OACc)s3 (228.1 mg, 1.08 mmol, 1.6 equiv.) and AcOH (0.04 mL, 0.70 mmol, 1
equiv.) were used to react with ketone 191b (108.0 mg, 0.67 mmol, 1 equiv.) in
CICH,;CH,CI (4 mL) for 23 h to afford amine 215t as a brown oil (34.0 mg, 0.11
mmol, 17%). Eluent system of Et,O—hexane (4:1) was used in centrifugal radial TLC
purification. Rf = 0.2 (Et,O-hexane, 4:1); IR (neat) vmax 3416, 3058, 3027, 2956, 2926,
2869, 1672, 1454, 1094 cm™; *H NMR (CDCls, 700 MHz) & 8.02 (s, 1H), 7.57 (dd, J
= 7.8, 1.1 Hz, 1H), 7.33 (dt, J = 8.1, 0.9 Hz, 1H), 7.21 — 7.12 (m, 3H), 7.10 (ddd, J =
7.9, 6.9, 1.0 Hz, 1H), 7.07 — 7.04 (m, 2H), 6.85 (d, J = 2.2 Hz, 1H), 3.05 — 2.98 (m,
1H), 2.98 — 2.90 (m, 3H), 2.84 — 2.78 (m, 1H), 2.74 (dd, J = 13.6, 5.8 Hz, 1H), 2.68
(dd, J = 13.6, 7.6 Hz, 1H), 1.52 — 1.44 (m, 1H), 1.44 — 1.29 (m, 3H), 0.86 (t, J = 7.2
Hz, 3H); °C NMR (CDCls, 175 MHz) & 139.1, 136.3, 129.2, 128.3, 127.3, 126.1,
122.1, 122.0, 119.3, 118.8, 113.3, 111.1, 59.1, 46.7, 40.2, 35.7, 25.3, 19.0, 14.2;

HRESIMS m/z 307.2169 [M + H]" (calcd for CyH27N,, 307.2174).

S
@j\it/\

1-(Benzo[b]thiophen-3-yl)-N-phenethylpentan-2-amine (215u). Following the

method to prepare amine 215a, PEA (213a) (0.05 mL, 0.41 mmol, 1.5 equiv.),
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NaBH(OACc); (118.8 mg, 0.56 mmol, 2 equiv.) and AcOH (0.02 mL, 0.35 mmol, 1.3
equiv.) were used to react with ketone 212e (61.2 mg, 0.28 mmol, 1 equiv.) in
CICH,;CH,CI (5 mL) for 24 h to afford amine 215u as a yellow oil (60.9 mg, 0.19
mmol, 68%). Eluent system of Et,O—hexane (1:4) was used in centrifugal radial TLC
purification. Rf = 0.41 (Et,O-hexane, 4:1); IR (neat) vmax 3314, 3063, 3026, 2955,
2926, 2868, 1455, 1427, 1138, 1080, 1020 cm™; *H NMR (CDCls, 400 MHz) & 7.87 —
7.82 (m, 1H), 7.77 — 7.70 (m, 1H), 7.41 — 7.30 (m, 2H), 7.24 — 7.12 (m, 3H), 7.11 —
7.04 (m, 2H), 6.99 (s, 1H), 3.01 — 2.63 (m, 7H), 1.58 — 1.44 (m, 1H), 1.44 — 1.31 (m,
3H), 0.90 (t, J = 7.0 Hz, 3H); *C NMR (CDCls;, 100 MHz) & 140.5, 139.8, 139.1,
134.0, 128.6, 128.4, 126.1, 124.1, 123.8, 122.9, 122.7, 121.7, 57.0, 48.4, 36.5, 36.3,
33.8, 19.1, 14.3; HRESIMS (LC/MS) (tg = 2.87 min for a 15 min run) m/z 324.1790

[M + H]" (calcd for C21H26NS, 324.1790).

/S HN
YN

N-Phenethyl-1-(thiophen-2-yl)pentan-2-amine (215v). Following the method to
prepare amine 215a, PEA (213a) (0.09 mL, 0.73 mmol, 1.2 equiv.), NaBH(OAC);
(214.2 mg, 1.01 mmol, 1.6 equiv.) and AcOH (0.04 mL, 0.70 mmol, 1.1 equiv.) were
used to react with ketone 212f (105.9 mg, 0.63 mmol, 1 equiv.) in CICH,CH,CI (5
mL) for 23 h to afford amine 215v as a yellow oil (78.1 mg, 0.29 mmol, 45%). Eluent
system of Et,O-hexane (3:1) was used in centrifugal radial TLC purification. R¢ =
0.49 (Et,O-hexane, 1:1); IR (neat) vmax 3317, 2925, 1454, 1143 cm?; *H NMR
(CDCls, 400 MHz) § 7.31 — 7.13 (m, 5H), 7.11 (dd, J = 5.1, 1.2 Hz, 1H), 6.88 (dd, J =

5.2, 3.4 Hz, 1H), 6.72 (dd, J = 3.5, 1.2 Hz, 1H), 2.97 — 2.80 (m, 4H), 2.75 (dd, J = 7.3,
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5.2 Hz, 3H), 1.64 — 1.43 (m, 1H), 1.46 — 1.23 (m, 3H), 0.89 (t, J = 6.9 Hz, 3H); **C
NMR (CDCls, 100 MHz) & 141.7, 140.0, 128.7, 128.4, 126.7, 126.1, 125.6, 123.7,
58.8, 48.5, 36.6, 36.2, 34.4, 19.1, 14.2; HRESIMS m/z 274.1642 [M + H]" (calcd for

C17H24N1Sy, 274.1629).

HN

o)

|/
1-(Furan-2-yl)-N-phenethylpentan-3-amine (215w). Following the method to
prepare amine 215a, PEA (213a) (0.21 mL, 1.71 mmol, 1.1 equiv.), NaBH(OAC);
(529.1 mg, 2.50 mmol, 1.6 equiv.) and AcOH (0.09 mL, 1.57 mmol, 1 equiv.) were
used to react with ketone 212g (231.9 mg, 1.52 mmol, 1 equiv.) in CICH,CH,CI (8
mL) for 24 h to afford amine 215w as a colourless oil (182.8 mg, 0.71 mmol, 47%).
Eluent system of Et,O-hexane (1:2) was used in centrifugal radial TLC purification.
Rf = 0.57 (Et;0-hexane, 9:1); IR (neat) vmax 3331, 2928, 2867, 1454, 1143, 1007 cm™;
'H NMR (CDCls, 400 MHz) & 7.34 — 7.16 (m, 6H), 6.26 (dd, J = 3.2, 1.9 Hz, 1H),
5.93 (dd, J = 3.2, 1.0 Hz, 1H), 2.90 — 2.73 (m, 4H), 2.60 (t, J = 7.9 Hz, 2H), 2.47 (p, J
= 6.0 Hz, 1H), 1.79 — 1.62 (m, 2H), 1.43 (qd, J = 7.5, 5.9 Hz, 2H), 0.83 (t, J = 7.4 Hz,
3H); *C NMR (CDCls, 100 MHz) & 156.3, 140.8, 140.2, 128.7, 128.4, 126.1, 110.1,
104.6, 58.1, 48.2, 36.7, 31.7, 26.3, 24.3, 9.8; HRESIMS m/z 258.1864 [M + H]"

(calcd for C17H24N10g, 2581858)
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N-(2-Cyclohexylethyl)-1-(furan-2-yl)pentan-3-amine (215x). Following the method
to prepare amine 215a, 2-cyclohexyl-ethylamine (213e) (98.8 mg, 0.78 mmol, 1.2
equiv.), NaBH(OACc); (230.6 mg, 1.09 mmol, 1.7 equiv.) and AcOH (0.04 mL, 0.70
mmol, 1.1 equiv.) were used to react with ketone 212g (100.8 mg, 0.66 mmol, 1
equiv.) in CICH,CH,CI (8 mL) for 20.5 h to afford amine 215x as a brown oil (46.3
mg, 0.18 mmol, 27%). Eluent system of EtOAc—hexane (4:1) was used in centrifugal
radial TLC purification. R = 0.38 (EtOAc-hexane, 6:1); IR (neat) vmax 3318, 2915,
1454, 1128, 1006 cm™; *H NMR (CDCls, 400 MHz) & 7.32 — 7.28 (m, 1H), 6.32 —
6.24 (m, 1H), 6.06 — 5.93 (m, 1H), 2.66 (t, J = 8.0 Hz, 2H), 2.57 (t, J = 7.4 Hz, 2H),
2.46 (p, J = 6.2 Hz, 1H), 1.80 — 1.58 (m, 9H), 1.46 (p, J = 7.0 Hz, 2H), 1.41 — 1.01 (m,
6H), 0.89 (t, J = 7.1 Hz, 3H); *C NMR (CDCls, 100 MHz) & 156.4, 140.7, 110.1,
104.6, 58.3, 44.6, 38.2, 35.8, 33.5, 31.7, 26.6, 26.3, 26.3, 24.4, 9.9; HRESIMS m/z

264.2320 [M + H]* (calcd for C17H30N;Oy, 264.2327).

e

HN
o)
| 4
1-(Furan-2-yl)-N-(2-(piperidin-1-ylhethyl)pentan-3-amine (215y). Following the
method to prepare amine 215a, 1-(2-aminoethyl)piperidine (213f) (80.9 mg, 0.63

mmol, 1.1 equiv.), NaBH(OACc)s (202.5 mg, 0.96 mmol, 1.7 equiv.) and AcOH (0.04
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mL, 0.70 mmol, 1.2 equiv.) were used to react with ketone 212g (88.2 mg, 0.58 mmol,
1 equiv.) in CICH,CH,CI (8 mL) for 23.5 h to afford amine 215y as a brown oil (44.8
mg, 0.17 mmol, 29%). Eluent system of EtOAc—hexane (9:1) was used in centrifugal
radial TLC purification. Rf = 0.22 (EtOAc—hexane, 9:1); IR (neat) vmax 3320, 2927,
1467, 1127, 1019 cm™; *H NMR (CDCls, 400 MHz) & 7.30 (dd, J = 1.9, 0.9 Hz, 1H),
6.28 (dd, J = 3.2, 1.9 Hz, 1H), 5.99 (dd, J = 3.2, 0.9 Hz, 1H), 2.72 — 2.61 (m, 4H),
2.50 — 2.32 (m, 7H), 1.79 — 1.69 (m, 2H), 1.56 (p, J = 5.6 Hz, 4H), 1.52 — 1.37 (m,
4H), 0.90 (t, J = 7.5 Hz, 3H); *C NMR (CDCls;, 100 MHz) § 156.4, 140.7, 110.1,
104.6, 58.6, 58.6, 54.6, 43.7, 31.8, 26.4, 26.1, 24.5, 24.3, 10.0; HRESIMS m/z

265.2278 [M + H]" (calcd for C16H29N,01, 265.2280).

HN
)A (M\
0o
(2S)-Tert-butyl 2-(2-(phenethylamino)pentyl)pyrrolidine-1-carboxylate (215z).
Following the method to prepare amine 215a, PEA (213a) (0.22 mL, 1.79 mmol, 1.1
equiv.), NaBH(OACc)s (645.7 mg, 3.05 mmol, 1.6 equiv.) and AcOH (0.1 mL, 1.75
mmol, 1 equiv.) were used to react with ketone 212h (309.6 mg, 1.21 mmol, 1 equiv.)
in CICH,CH,CI (10 mL) for 24 h to afford amine 215z as a yellow oil (318.9 mg, 0.88
mmol, 73%). Eluent system of Et,O-hexane (9:1) was used in centrifugal radial TLC
purification. Rf = 0.43 (Et,O-hexane, 9:1); IR (neat) vmax 3328, 2926, 2870, 1688,
1392, 1250, 1166, 1104 cm™; *H NMR (CDCls, 700 MHz) & 7.35 — 7.13 (m, 5H),
4.00 — 3.67 (m, 1H), 3.43 — 3.24 (m, 1H), 3.04 — 2.72 (m, 4H), 2.71 — 2.37 (m, 1H),

1.94 — 1.56 (m, 6H), 1.45 (s, 9H), 1.33 — 1.17 (m, 5H), 0.88 (t, J = 7.3 Hz, 3H); °C
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NMR (CDCls;, 175 MHz) 6 154.7, 139.7, 128.7, 128.4, 126.2, 79.3, 55.0, 48.1, 46.4,
45.9, 39.5, 37.2, 36.7, 31.0, 28.6, 22.9, 19.0, 14.2; HRESIMS m/z 361.2854 [M + H]"

(C&'Cd for C22H37N202, 361.2855).

BUSN

1-Phenyl-N-(4-phenylbutyl)pentan-2-amine (215za). Following the method to
prepare amine 215a, 4-phenylbutylamine (213k) (75.5 mg, 0.51 mmol, 1.2 equiv.),
NaBH(OAC)3 (155.7 mg, 0.73 mmol, 1.7 equiv.) and AcOH (0.03 mL, 0.52 mmol, 1.2
equiv.) were used to react with ketone 191b (70.7 mg, 0.44 mmol, 1 equiv.) in
CICH,CH,CI (4 mL) for 22 h to afford amine 215za as a yellow oil (65.2 mg, 0.22
mmol, 51%). Eluent system of Et,O-hexane (1:1) was used in centrifugal radial TLC
purification. Ry = 0.58 (Et,O-hexane, 5:1); IR (neat) vma 3322, 3027, 2926, 2858,
1494, 1454, 1134 cm; *H NMR (CDCls, 700 MHz) & 7.31 — 7.10 (m, 10H), 2.77 —
2.51 (m, 8H), 1.62 — 1.52 (m, 2H), 1.51 — 1.31 (m, 5H), 0.90 (t, J = 6.9 Hz, 3H); **C
NMR (CDCls, 175 MHz) 6 142.4, 139.7, 129.3, 128.4, 128.4, 128.2, 126.1, 125.7,
59.0, 46.9, 40.7, 36.1, 35.8, 29.7, 29.1, 19.0, 14.3; HRESIMS m/z 296.2379 [M + H]"

(calcd for Co1H3zoN1, 2962378)
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©W\/\

N-Phenethyl-8-phenyloctan-4-amine (215zb). Following the method to prepare
amine 215a, PEA (213a) (0.17 mL, 1.38 mmol, 1.1 equiv.), NaBH(OAc); (437.8 mg,
2.07 mmol, 1.7 equiv.) and AcOH (0.08 mL, 1.40 mmol, 1.1 equiv.) were used to
react with ketone 212i (254.9 mg, 1.25 mmol, 1 equiv.) in CICH,CH,CI (10 mL) for
21 h to afford amine 215zb as a yellow oil (310.4 mg, 1.00 mmol, 80%). Eluent
system of EtOAc—hexane (1:6) was used in centrifugal radial TLC purification. R¢=
0.22 (EtOAc-hexane, 1:4); IR (neat) vmax 3339, 3027, 2926, 2857, 1494, 1455, 1104
cm™: 'H NMR (CDCls, 400 MHz) & 7.33 — 7.12 (m, 10H), 2.83 (dd, J = 7.9, 5.1 Hz,
2H), 2.77 (dd, J = 7.9, 5.1 Hz, 2H), 2.58 (t, J = 7.7 Hz, 2H), 2.46 (p, J = 5.8 Hz, 1H),
1.58 (p, J = 7.5 Hz, 2H), 1.45 — 1.17 (m, 8H), 0.87 (t, J = 7.0 Hz, 3H); **C NMR
(CDCls, 175 MHz) 6 142.7, 140.1, 128.7, 128.4, 128.4, 128.2, 126.2, 125.6, 57.2,
48.3, 36.5, 36.2, 35.9, 33.7, 31.7, 25.3, 18.9, 14.3; HRESIMS m/z 310.2546 [M + H]"

(calcd for CooHaoNy, 3102535)

HN

©A/\)v

N-Phenethyl-7-phenylheptan-3-amine (215zc). Following the method to prepare
amine 215a, PEA (213a) (0.14 mL, 1.14 mmol, 1.1 equiv.), NaBH(OACc); (357.3 mg,

1.69 mmol, 1.6 equiv.) and AcOH (0.06 mL, 1.05 mmol, 1 equiv.) were used to react
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with ketone 212j (200.8 mg, 1.06 mmol, 1 equiv.) in CICH,CH,CI (10 mL) for 23 h
to afford amine 215zc as a yellow oil (241.4 mg, 0.82 mmol, 77%). Eluent system of
Et,O-hexane (1:1) was used in centrifugal radial TLC purification. R¢= 0.45 (Et,O-
hexane, 5:1); IR (neat) vmax 3329, 3027, 2925, 2858, 1456, 1361, 1096 cm™; *H NMR
(CDCls, 400 MHz) & 7.33 — 7.12 (m, 10H), 2.91 — 2.71 (m, 4H), 2.58 (t, J = 7.6 Hz,
2H), 2.40 (p, J = 5.9 Hz, 1H), 1.58 (p, J = 7.6 Hz, 2H), 1.46 — 1.33 (m, 4H), 1.33 —
1.21 (m, 2H), 0.81 (t, J = 7.4 Hz, 3H); *C NMR (CDCls, 175 MHz) & 142.7, 140.1,
128.7, 128.4, 128.4, 128.2, 126.1, 125.6, 58.7, 48.3, 36.5, 35.9, 33.2, 31.7, 26.2, 25.4,

9.8; HRESIMS m/z 296.2386 [M + H]" (calcd for CoiHsoNy, 296.2378).

OMe

OMe

QL
N-(3,4-Dimethoxyphenethyl)-1,3-diphenylpropan-2-amine (215zd). Following the
method to prepare amine 215a, DMPEA (176) (171.4 mg, 0.95 mmol, 2.1 equiv.),
NaBH(OACc)s (400.7 mg, 1.89 mmol, 4.1 equiv.) and AcOH (0.05 mL, 0.87 mmol, 1.9
equiv.) were used to react with ketone 191c (96.9 mg, 0.46 mmol, 1 equiv.) in
CICH,CH,CI (4 mL) for 30 h to afford amine 215zd as a yellow oil (74.3 mg, 0.20
mmol, 43%). Eluent system of Et,O-hexane (1:3) was used in centrifugal radial TLC
purification. Rf = 0.33 (Et,O-hexane, 9:1); IR (neat) vmax 3310, 3026, 2934, 2834,
1591, 1515, 1455, 1262, 1238, 1156, 1141, 1030 cm™; *H NMR (CDCls, 600 MHz) &
7.25-7.21 (m, 4H), 7.20 — 7.16 (m, 2H), 7.10 (d, J = 7.3 Hz, 4H), 6.67 (d, J = 7.9 Hz,
1H), 6.59 — 6.53 (m, 2H), 3.85 (s, 3H), 3.80 (s, 3H), 2.99 (p, J = 6.7 Hz, 1H), 2.83 (t,
J = 6.9 Hz, 2H), 2.75 — 2.64 (m, 4H), 2.62 (t, J = 6.9 Hz, 2H); *C NMR (CDCls, 150

MHz) 6 148.8, 147.3, 139.3, 132.2, 129.2, 128.4, 126.1, 120.4, 111.7, 111.2, 61.2,
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55.9, 55.7, 48.8, 40.7, 35.8; HRESIMS m/z 376.2294 [M + H]" (calcd for CasH3oN; Oy,

376.2277).

Sy

N-Phenethyl-1-phenylbutan-2-amine (215ze). Following the method to prepare
amine 215a, PEA (213a) (0.1 mL, 0.81 mmol, 1.1 equiv.), NaBH(OAc); (260.7 mg,
1.23 mmol, 1.7 equiv.) and AcOH (0.05 mL, 0.87 mmol, 1.2 equiv.) were used to
react with ketone 212k (109.3 mg, 0.74 mmol, 1 equiv.) in CICH,CH,CI (5 mL) for
24 h to afford amine 215ze as a yellow oil (112.9 mg, 0.45 mmol, 61%). Eluent
system of EtOAc—hexane (1:4) was used in centrifugal radial TLC purification. R¢ =
0.37 (EtOAc—hexane, 1:2); IR (neat) vmax 3320, 3027, 2926, 1493, 1454, 1351, 1134,
1084 cm™;*H NMR (CDCls, 400 MHz) & 7.29 — 7.08 (m, 10H), 2.94 — 2.54 (m, 7H),
1.57 — 1.29 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H); *C NMR (CDCls, 175 MHz) § 139.9,
139.5, 129.2, 128.6, 128.4, 128.4, 126.1, 126.1, 60.50, 48.4, 40.1, 36.2, 26.1, 9.9;

HRESIMS m/z 254.1911 [M + H]" (calcd for C1gH24N1, 254.19009).

OMe
OMe
MeO
N-(3,4-dimethoxyphenethyl)-1-(3,4-dimethoxy-phenyl)-propan-2-amine  (215zf).
Following the method to prepare amine 215a, DMPEA (176) (207.8 mg, 1.15 mmol,

1.1 equiv.), NaBH(OAc);3 (350.3 mg, 1.65 mmol, 1.6 equiv.) and AcOH (0.06 mL,

1.05 mmol, 1 equiv.) were used to react with 3,4-dimethoxyphenylacetone (212t)
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(0.18 mL, 1.03 mmol, 1 equiv.) in CICH,CH,CI (5 mL) for 22 h to afford amine
215zf as a yellow oil (184.2 mg, 0.51 mmol, 50%). Eluent system of EtOAc—hexane
(1:2) was used in centrifugal radial TLC purification. Rs = 0.10 (EtOAc—hexane, 6:1);
IR (neat) vmax 3306, 2935, 2835, 1607, 1591, 1520, 1455, 1264, 1238, 1142, 1030 cm’
114 NMR (CDCls, 700 MHz) & 6.73 (d, J = 6.6 Hz, 1H), 6.72 (d, J = 6.6 Hz, 1H),
6.67 (d, J = 2.0 Hz, 1H), 6.65 (d, J = 2.0 Hz, 1H), 6.64 (t, J = 2.1 Hz, 1H), 6.62 (t, J =
2.2 Hz, 1H), 3.86 (s, 3H), 3.85 (s, 3H), 3.83 (s, 6H), 3.00 — 2.92 (m, 1H), 2.89 — 2.82
(m, 1H), 2.79 — 2.56 (m, 5H), 1.10 (d, J = 6.2 Hz, 3H); **C NMR (CDCls, 175 MHz)
0 148.9, 148.8, 147.5, 147.4, 132.1, 131.6, 121.1, 120.4, 112.3, 111.8, 111.2, 111.1,
55.8, 55.8, 55.8, 55.8, 54.8, 48.6, 43.1, 35.6, 20.0; HRESIMS m/z 360.2167 [M + H]"

(caled for Cz1H30N104, 360.2175).

UL
SN

N-(2,2-Diphenylethyl)-1-phenylpentan-2-amine (215zg). Following the method to
prepare amine 215a, 2,2-diphenylethylamine (213l) (109.9 mg, 0.56 mmol, 1.1
equiv.), NaBH(OACc); (168.8 mg, 0.80 mmol, 1.6 equiv.) and AcOH (0.03 mL, 0.52
mmol, 1 equiv.) were used to react with ketone 191b (82.4 mg, 0.51 mmol, 1 equiv.)
in CICH,CH.CI (4 mL) for 21 h to afford amine 215zg as a yellow oil (64.1 mg, 0.19
mmol, 37%). Eluent system of EtOAc—hexane (1:4) was used in centrifugal radial
TLC purification. Rf = 0.43 (EtOAc-hexane, 1:4); IR (neat) vmax 3320, 3026, 2954,
2924, 2868, 1492, 1452, 1132, 1030 cm™; *H NMR (CDCls, 700 MHz) & 7.27 — 7.10
(m, 13H), 7.06 — 7.02 (m, 2H), 4.13 (t, J = 7.7 Hz, 1H), 3.25 (dd, J = 11.6, 7.2 Hz,

1H), 3.15 (dd, J = 11.6, 8.2 Hz, 1H), 2.76 (dg, J = 7.6, 5.9 Hz, 1H), 2.70 (dd, J = 13.6,
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5.7 Hz, 1H), 2.60 (dd, J = 13.6, 7.7 Hz, 1H), 1.47 — 1.40 (m, 1H), 1.40 — 1.33 (m, 1H),
1.31 — 1.24 (m, 2H), 0.86 (t, J = 7.3 Hz, 3H); *C NMR (CDCls, 175 MHz) § 142.8,
142.4,139.2, 129.1, 128.6, 128.6, 128.4, 127.9, 127.9, 126.5, 126.1, 59.4, 51.9, 51.0,
40.6, 36.0, 19.0, 14.2; HRESIMS m/z 344.2392 [M + H]* (calcd for CysHaoNy,

344.2378).

HN

N-Phenethyl-1,4-diphenylhexan-3-amine (215zh). Following the method to prepare
amine 215a, PEA (213a) (0.08 mL, 0.65 mmol, 1.2 equiv.), NaBH(OACc); (188.4 mg,
0.89 mmol, 1.7 equiv.) and AcOH (0.03 mL, 0.52 mmol, 1 equiv.) were used to react
with ketone 2121 (134.2 mg, 0.53 mmol, 1 equiv.) in CICH,CH,CI (6 mL) for 24 h to
afford amine 215zh as a yellow oil (12.6 mg, 0.04 mmol, 8%). Eluent system of
Et,O-hexane (1:6) was used in centrifugal radial TLC purification. R= 0.24 (Et,O-
hexane, 1:4); IR (neat) vmax 3332, 3026, 2929, 1457, 1120 cm™; *H NMR (CDCls, 700
MHz) § 7.28 — 7.11 (m, 13H), 7.09 — 7.04 (m, 2H), 2.88 (dt, J = 11.1, 6.9 Hz, 1H),
2.76 — 2.58 (m, 7H), 1.86 — 1.76 (m, 2H), 1.76 — 1.68 (m, 1H), 1.58 (ddg, J = 14.4,
10.7, 7.2 Hz, 1H), 0.71 (t, J = 7.4 Hz, 3H); °C NMR (CDCls, 175 MHz) § 142.7,
142.2, 140.0, 128.6, 128.6, 128.4, 128.3, 128.3, 128.3, 126.4, 126.0, 125.7, 61.7, 51.0,
48.8, 33.0, 32.2, 31.8, 24.5, 12.4; HRESIMS m/z 358.2522 [M + H]" (calcd for

Ca6H32N1, 358.2535).
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1-Methoxy-N-phenethyl-1,4-diphenylbutan-2-amine  (215zi). Following the
method to prepare amine 215a, PEA (213a) (0.06 mL, 0.49 mmol, 1.2 equiv.),
NaBH(OAC)3(139.9 mg, 0.66 mmol, 1.6 equiv.) and AcOH (0.03 mL, 0.52 mmol, 1.2
equiv.) were used to react with ketone 212m (107.0 mg, 0.42 mmol, 1 equiv.) in
CICH,CH,CI (10 mL) for 21.5 h to afford amine 215zi as a yellow oil (77.1 mg, 0.21
mmol, 50%). Eluent system of Et,O—hexane (1:6) was used in centrifugal radial TLC
purification. R¢= 0.6 (Et,O-hexane, 3:1); IR (neat) vmax 3334, 3032, 2913, 1555, 1467,
1337, 1095 cm™; *H NMR (CDCls, 400 MHz) & 7.37 — 7.10 (m, 13H), 7.09 — 7.03 (m,
2H), 4.20 (d, J = 5.3 Hz, 1H), 3.19 (s, 3H), 2.89 — 2.77 (m, 2H), 2.68 (ddt, J = 12.6,
9.0, 4.4 Hz, 4H), 2.50 (ddd, J = 13.7, 10.4, 6.2 Hz, 1H), 1.81 (dddd, J = 14.3, 10.3,
6.2, 3.9 Hz, 1H), 1.66 (dddd, J = 14.0, 10.4, 7.7, 5.4 Hz, 1H); *C NMR (CDCls, 100
MHz) ¢ 142.7, 140.2, 139.7, 128.7, 128.4, 128.3, 128.2, 127.5, 127.2, 126.0, 125.5,
85.1, 62.4, 57.2, 48.9, 36.7, 32.3, 31.3; HRESIMS m/z 360.2327 [M + H]" (calcd for

C25H30N101, 360.23274).

OMe

S ON

N-(4-Methoxyphenethyl)-1-phenylpentan-2-amine (215zj). Following the method
to prepare amine 215a, 4-methoxyphenethylamine (213m) (76.3 mg, 0.50 mmol, 1.3

equiv.), NaBH(OACc)s (140.1 mg, 0.66 mmol, 1.7 equiv.) and AcOH (0.02 mL, 0.35
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mmol, 0.9 equiv.) were used to react with ketone 191b (61.7 mg, 0.38 mmol, 1 equiv.)
in CICH,CH.CI (4 mL) for 25 h to afford amine 215zj as a yellow oil (29.7 mg, 0.10
mmol, 26%). Eluent system of Et,O—hexane (1:5) was used in centrifugal radial TLC
purification. Rf = 0.47 (Et,O-hexane, 6:1); IR (neat) vmax 3317, 2955, 2930, 2868,
2834, 1613, 1512, 1244, 1176, 1036 cm™; ‘*H NMR (CDCls, 400 MHz) 6 7.28 — 7.15
(m, 3H), 7.12 — 7.07 (m, 2H), 7.05 — 7.00 (m, 2H), 6.81 — 6.74 (m, 2H), 3.78 (s, 3H),
2.92 —2.81 (m, 1H), 2.81 — 2.55 (m, 6H), 1.49 — 1.28 (m, 4H), 0.88 (t, J = 7.0 Hz, 3H);
3C NMR (CDCls, 100 MHz) § 157.9, 139.6, 131.9, 129.5, 129.2, 128.3, 126.0, 113.8,
59.0, 55.2, 48.6, 40.7, 36.1, 35.4, 19.0, 14.3; HRESIMS m/z 298.2157 [M + H]"

(calcd for CyoH2sN104, 298.2171).

OGN

o)
1-(Benzo[d][1,3]dioxol-5-yl)-N-phenethylpentan-2-amine (215zk). Following the
method to prepare amine 215a, PEA (213a) (0.05 mL, 0.41 mmol, 1.1 equiv.),
NaBH(OACc)s (127.3 mg, 0.60 mmol, 1.7 equiv.) and AcOH (0.02 mL, 0.35 mmol, 1
equiv.) were used to react with ketone 212n (74.5 mg, 0.36 mmol, 1 equiv.) in
CICH,CH,CI (4 mL) for 21 h to afford amine 215zk as a yellow oil (73.3 mg, 0.24
mmol, 67%). Eluent system of Et,O-hexane (2:1) was used in centrifugal radial TLC
purification. Rf = 0.58 (Et,O-hexane, 7:1); IR (neat) vmax 3316, 3026, 2925, 2871,
1488, 1442, 1243, 1037 cm™; *H NMR (CDCls, 700 MHz) & 7.25 — 7.21 (m, 2H),
7.20 — 7.15 (m, 1H), 7.14 — 7.10 (m, 2H), 6.67 (d, J = 7.8 Hz, 1H), 6.60 (d, J = 1.7 Hz,
1H), 6.54 (dd, J = 7.9, 1.7 Hz, 1H), 5.92 (s, 2H), 2.96 — 2.87 (m, 1H), 2.83 — 2.66 (M,

4H), 2.64 (dd, J = 13.6, 5.6 Hz, 1H), 2.54 (dd, J = 13.6, 7.5 Hz, 1H), 1.48 — 1.38 (m,
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1H), 1.38 — 1.27 (m, 3H), 0.88 (t, J = 7.1 Hz, 3H); *C NMR (CDCls, 175 MHz) &
147.6, 145.8, 139.8, 133.1, 128.6, 128.4, 126.1, 122.1, 109.4, 108.1, 100.8, 59.2, 48.4,
40.3, 36.2, 35.9, 19.0, 14.3; HRESIMS m/z 312.1970 [M + H]"* (calcd for CaoH26N10,

312.1964).

QOSSN

N-Phenethyl-1-(p-tolyl)pentan-2-amine (215zl). Following the method to prepare
amine 215a, PEA (213a) (0.1 mL, 0.81 mmol, 1.1 equiv.), NaBH(OACc); (252.2 mg,
1.19 mmol, 1.6 equiv.) and AcOH (0.05 mL, 0.87 mmol, 1.2 equiv.) were used to
react with ketone 2120 (131.0 mg, 0.74 mmol, 1 equiv.) in CICH,CH,CI (4 mL) for
23 h to afford amine 215zl as a yellow oil (82.3 mg, 0.29 mmol, 39%). Eluent systems
of Et,O-hexane (1:1) and EtOAc-hexane (1:1) were used in centrifugal radial TLC
purification. Ry = 0.58 (EtOAc-hexane, 6:1); IR (neat) vmax 3317, 3025, 2955, 2924,
2869, 1514, 1454, 1120 cm; *H NMR (CDCls, 700 MHz) & 7.23 (t, J = 7.5 Hz, 2H),
7.19 — 7.15 (m, 1H), 7.12 — 7.09 (m, 2H), 7.04 (d, J = 7.8 Hz, 2H), 6.99 (d, J = 7.9 Hz,
2H), 2.90 (ddd, J = 11.2, 8.1, 6.2 Hz, 1H), 2.84 — 2.77 (m, 1H), 2.77 — 2.70 (m, 3H),
2.68 (dd, J = 13.6, 5.8 Hz, 1H), 2.60 (dd, J = 13.6, 7.4 Hz, 1H), 2.31 (s, 3H), 1.47 —
1.37 (m, 1H), 1.38 — 1.28 (m, 3H), 0.88 (t, J = 7.0 Hz, 3H); *C NMR (CDCls, 175
MHz) 6 139.9, 136.3, 135.5, 129.1, 128.6, 128.4, 126.0, 59.1, 48.4, 40.1, 36.3, 36.0,

21.1,19.0, 14.3; HRESIMS m/z 282.2208 [M + H]" (calcd for CyoH2sN1, 282.2222).
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4-(2-((1-Phenylpentan-2-yl)amino)ethyl)phenol (215zm). Following the method to
prepare amine 215a, tyramine (213n) (69.8 mg, 0.51 mmol, 1.1 equiv.), NaBH(OAC);
(170.0 mg, 0.80 mmol, 1.7 equiv.) and AcOH (0.03 mL, 0.52 mmol, 1.1 equiv.) were
used to react with ketone 191b (73.9 mg, 0.46 mmol, 1 equiv.) in THF (8 mL) for
23.5 h to afford amine 215zm as a yellow oil (15.8 mg, 0.06 mmol, 13%). Eluent
system of EtOAc—hexane (1:6) was used in centrifugal radial TLC purification. R¢ =
0.37 (EtOAc—hexane, 3:1); IR (neat) vmax 3275, 3026, 2957, 2929, 2872, 1613, 1594,
1515, 1454, 1370, 1248, 1171, 1105 cm™; *H NMR (CDCls, 400 MHz) 6 7.28 — 7.15
(m, 3H), 7.11 — 7.03 (m, 2H), 6.92 — 6.85 (M, 2H), 6.68 — 6.61 (M, 2H), 2.92 (dt, J =
11.4, 6.8 Hz, 1H), 2.87 — 2.71 (m, 3H), 2.71 — 2.57 (m, 3H), 1.58 — 1.45 (m, 1H), 1.45
—1.21 (m, 3H), 0.87 (t, J = 7.1 Hz, 3H); **C NMR (CDCls;, 100 MHz) & 155.2, 139.0,
130.0, 129.6, 129.1, 128.5, 126.2, 115.8, 59.2, 48.0, 40.2, 35.5, 34.6, 19.1, 14.2;

HRESIMS m/z 284.2006 [M + H]" (calcd for C19H26N; 01, 284.2014).

BN

N-(4-Fluorophenethyl)-1-phenylpentan-2-amine (215zn). Following the method to
prepare amine 215a, 4-fluorophenethylamine (2130) (106.1 mg, 0.76 mmol, 1.2
equiv.), NaBH(OAC); (213.6 mg, 1.01 mmol, 1.6 equiv.) and AcOH (0.04 mL, 0.70

mmol, 1.1 equiv.) were used to react with ketone 191b (100.8 mg, 0.62 mmol, 1
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equiv.) in CICH,CH.CI (4 mL) for 19 h to afford amine 215zn as a dark green oil
(76.9 mg, 0.27 mmol, 44%). Eluent system of Et,O-hexane (1:1) was used in
centrifugal radial TLC purification. R = 0.56 (Et,O—hexane, 9:1); IR (neat) vmax 3317,
3028, 2956, 2928, 2870, 1602, 1509, 1455, 1221, 1156, 1097 cm™; *H NMR (CDCl;,
700 MHz) § 7.25 — 7.22 (m, 2H), 7.21 — 7.17 (m, 1H), 7.12 — 7.08 (m, 2H), 7.07 —
7.02 (m, 2H), 6.93 — 6.87 (m, 2H), 2.88 (ddd, J = 10.8, 7.7, 6.0 Hz, 1H), 2.79 — 2.59
(m, 6H), 1.50 — 1.41 (m, 1H), 1.41 — 1.31 (m, 3H), 0.89 (t, J = 7.0 Hz, 3H); *C NMR
(CDCls, 175 MHz) 6 162.1, 160.7, 139.3, 135.4, 135.4, 130.0, 129.9, 129.2, 128.4,
126.1, 115.2, 115.1, 59.1, 48.3, 40.6, 36.0, 35.3, 19.0, 14.3; HRESIMS m/z 286.1977

[M + H]" (calcd for C1gH25F1N;, 286.1971).

OSSN

N-(4-Fluorophenethyl)-1-(p-tolyl)pentan-2-amine (215z0). Following the method
to prepare amine 215a, 4-fluorophenethylamine (2130) (74.3 mg, 0.53 mmol, 1.1
equiv.), NaBH(OACc); (164.8 mg, 0.78 mmol, 1.6 equiv.) and AcOH (0.03 mL, 0.52
mmol, 1.1 equiv.) were used to react with ketone 2120 (85.0 mg, 0.48 mmol, 1 equiv.)
in CICH,CH.CI (5 mL) for 26 h to afford amine 215z0 as a yellow oil (66.6 mg, 0.22
mmol, 46%). Eluent system of EtOAc—hexane (1:9) was used in centrifugal radial
TLC purification. Ry = 0.46 (EtOAc-hexane, 1:1); IR (neat) vmax 3317, 2956, 2925,
2871, 1601, 1509, 1221, 1157, 1097 cm™; *"H NMR (CDCls, 400 MHz) & 7.07 — 7.00
(m, 4H), 6.99 — 6.94 (m, 2H), 6.93 — 6.85 (M, 2H), 2.92 — 2.83 (m, 1H), 2.77 — 2.60
(m, 5H), 2.58 — 2.47 (m, 1H), 2.32 (s, 3H), 1.48 — 1.27 (m, 4H), 0.89 (t, J = 6.9 Hz,

3H); *C NMR (CDCls;, 100 MHz) § 162.6, 160.1, 136.3, 135.5, 130.0, 129.9, 129.0,
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129.0, 115.2, 115.0, 59.1, 48.4, 40.2, 36.2, 35.5, 21.0, 19.0, 14.3; HRESIMS m/z

300.2115 [M + H]Jr (C&lCd for CooHo7F1Ny, 3002128)

I

1-(4-Chlorophenyl)-N-phenethylpentan-2-amine (215zp). Following the method to
prepare amine 215a, PEA (213a) (0.07 mL, 0.57 mmol, 1.1 equiv.), NaBH(OAC);
(182.9 mg, 0.86 mmol, 1.7 equiv.) and AcOH (0.03 mL, 0.52 mmol, 1 equiv.) were
used to react with ketone 212p (100.2 mg, 0.51 mmol, 1 equiv.) in CICH,CH,CI (8
mL) for 21.5 h to afford amine 215zp as a yellow oil (107.1 mg, 0.35 mmol, 70%).
Eluent system of EtOAc—hexane (1:4) was used in centrifugal radial TLC purification.
R = 0.47 (EtOAc-hexane, 1:1); IR (neat) vmax 3323, 2926, 1652, 1478, 1099 cm?; *H
NMR (CDCls, 400 MHz) & 7.28 — 7.15 (m, 5H), 7.13 — 7.08 (m, 2H), 7.03 — 6.96 (m,
2H), 2.94 — 2.85 (m, 1H), 2.82 — 2.62 (m, 5H), 2.61 — 2.51 (m, 1H), 1.49 — 1.23 (m,
4H), 0.88 (t, J = 7.0 Hz, 3H); *C NMR (CDCls;, 100 MHz) & 139.8, 138.0, 131.8,
130.5, 128.6, 128.4, 128.4, 126.1, 58.9, 48.4, 40.0, 36.3, 36.1, 19.0, 14.3; HRESIMS

m/z 302.1674 [M + H]" (calcd for C1gH25°>CliN;, 302.1676).

Cl
TUL.

1-(4-Chlorophenyl)-N-(4-fluorophenethyl)pentan-2-amine (215zq). Following the
method to prepare amine 215a, 4-fluorophenethylamine (2130) (74.3 mg, 0.53 mmol,

1.1 equiv.), NaBH(OAc); (179.0 mg, 0.84 mmol, 1.7 equiv.) and AcOH (0.03 mL,
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0.52 mmol, 1 equiv.) were used to react with ketone 212p (98.9 mg, 0.50 mmol, 1
equiv.) in CICH,CH,CI (8 mL) for 19.5 h to afford amine 215zq as a yellow oil
(116.5 mg, 0.36 mmol, 72%). Eluent system of EtOAc—hexane (1:5) was used in
centrifugal radial TLC purification. Rf = 0.32 (EtOAc-hexane, 1:2); IR (neat) Vmax
3326, 2928, 1498, 1217, 1104 cm™; *H NMR (CDCls, 400 MHz) & 7.23 — 7.16 (m,
2H), 7.09 — 6.98 (m, 4H), 6.97 — 6.88 (M, 2H), 2.91 — 2.82 (m, 1H), 2.79 — 2.60 (m,
5H), 2.60 — 2.50 (m, 1H), 1.47 — 1.23 (m, 4H), 0.88 (t, J = 6.8 Hz, 3H); *C NMR
(CDCl3, 100 MHz) ¢ 162.6, 160.2, 138.0, 135.4, 135.4, 131.8, 130.5, 130.0, 129.9,
128.4, 115.3, 115.0, 59.0, 48.4, 40.1, 36.1, 35.5, 19.0, 14.3; HRESIMS m/z 320.1596

[M + H]" (calcd for C19H24**ClF1N3, 320.1581).

|
CHN

1-(4-Chlorophenyl)-N-(4-fluorophenethyl)-4-phenylbutan-2-amine(215zr). Follo-
wing the method to prepare amine 215a, 4-fluorophenethylamine (2130) (84.9 mg,
0.61 mmol, 1.1 equiv.), NaBH(OAC); (187.5 mg, 0.88 mmol, 1.6 equiv.) and AcOH
(0.04 mL, 0.70 mmol, 1.3 equiv.) were used to react with ketone 212q (139.1 mg,
0.54 mmol, 1 equiv.) in CICH,CH,CI (4 mL) for 23 h to afford amine 215zr as a
yellow oil (125.9 mg, 0.33 mmol, 61%). Eluent system of Et,O-hexane (1:2) was
used in centrifugal radial TLC purification. Rf= 0.44 (Et,O-hexane, 3:1); IR (neat)
Vmax 3321, 3027, 2924, 2855, 1601, 1509, 1492, 1220, 1090 cm™; *H NMR (CDCls,
400 MHz) § 7.31 — 7.24 (m, 2H), 7.22 — 7.15 (m, 3H), 7.15 — 7.09 (m, 2H), 7.07 —

6.96 (M, 4H), 6.96 — 6.90 (m, 2H), 2.85 (ddd, J = 10.7, 7.2, 6.2 Hz, 1H), 2.78 — 2.57
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(m, 8H), 1.81 — 1.60 (m, 2H); *C NMR (CDCls;, 100 MHz) § 162.7, 160.2, 142.1,
137.6, 135.4, 135.4, 131.9, 130.5, 130.0, 129.9, 128.5, 128.4, 128.3, 125.8, 115.3,
115.1, 58.4, 48.2, 39.9, 35.5, 35.4, 32.0; HRESIMS m/z 382.1730 [M + H]" (calcd for

CasH26°CliF1N1, 382.1738).

O
SN

N-(1-Phenylpentan-2-yl)cyclopentanamine (216a). Following the method to
prepare amine 215a, cyclopentylamine (214a) (61.8 mg, 0.73 mmol, 1.5 equiv.),
NaBH(OACc)3 (171.2 mg, 0.81 mmol, 1.6 equiv.) and AcOH (0.03 mL, 0.52 mmol, 1
equiv.) were used to react with ketone 191b (80.7 mg, 0.50 mmol, 1 equiv.) in
CICH,;CH,CI (4 mL) for 23 h to afford amine 216a as a yellow oil (25.5 mg, 0.11
mmol, 22%). Eluent system of Et,O-hexane (1:4) was used in centrifugal radial TLC
purification. R¢ = 0.34 (Et,O-hexane, 3:1); IR (neat) vmax 3318, 2954, 2868, 1494,
1454, 1350, 1136, 1031 cm?; *H NMR (CDCls, 400 MHz) & 7.32 — 7.15 (m, 5H),
3.16 (p, J = 6.9 Hz, 1H), 2.83 — 2.58 (m, 3H), 1.92 — 1.70 (m, 2H), 1.67 — 1.29 (m,
8H), 1.28 — 1.15 (m, 1H), 1.15 — 1.00 (m, 1H), 0.94 — 0.86 (m, 3H); :*C NMR (CDCl;,
100 MHz) ¢ 139.8, 129.3, 128.3, 126.0, 57.3, 57.0, 41.1, 36.6, 33.6, 33.2, 23.6, 23.6,

19.1, 14.3; HRESIMS m/z 232.2066 [M + H]" (calcd for C16H2sN;, 232.2065).

©\j\l\/\
N-(1-Phenylpentan-2-yl)cyclopropanamine (216b). Following the method to
prepare amine 215a, cyclopropylamine (214b) (33.0 mg, 0.58 mmol, 1.4 equiv.),
NaBH(OAC);3 (144.8 mg, 0.68 mmol, 1.6 equiv.) and AcOH (0.03 mL, 0.52 mmol, 1.2
equiv.) were used to react with ketone 191b (68.2 mg, 0.42 mmol, 1 equiv.) in

CICH,CH,CI (4 mL) for 25 h to afford amine 216b as a light yellow oil (50.9 mg,
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0.25 mmol, 60%). Eluent system of Et,O—hexane (1:7) was used in centrifugal radial
TLC purification. R¢= 0.38 (Et,0-hexane, 1:3); IR (neat) vmax 3325, 2957, 2930, 2872,
1496, 1454, 1372, 1347, 1014 cm™; *H NMR (CDCls, 400 MHz) 6 7.32 — 7.17 (m,
5H), 2.98 — 2.84 (m, 1H), 2.82 — 2.64 (m, 2H), 2.06 (tt, J = 6.9, 3.7 Hz, 1H), 1.53 —
1.29 (m, 4H), 0.90 (t, J = 7.0 Hz, 3H), 0.51 — 0.34 (m, 2H), 0.34 — 0.21 (m, 2H); *C
NMR (CDCl3, 100 MHz) 6 139.9, 129.3, 128.3, 126.0, 59.7, 40.9, 36.2, 28.7, 19.0,

14.3,7.00, 6.3; HRESIMS m/z 204.1759 [M + H]" (calcd for C1aHN;, 204.1752).

Lo

N-(1-Phenylpentan-2-yl)bicyclo[2.2.1]heptan-2-amine  (216¢). Following the
method to prepare amine 215a, exo-2-aminonorbornane (214c) (97.8 mg, 0.88 mmol,
1.1 equiv.), NaBH(OAC); (282.7 mg, 1.33 mmol, 1.7 equiv.) and AcOH (0.05 mL,
0.87 mmol, 1.1 equiv.) were used to react with ketone 191b (126.5 mg, 0.78 mmol, 1
equiv.) in CICH,CH,CI (5 mL) for 24 h to afford amine 216c as a yellow oil (44.6 mg,
0.17 mmol, 22%). Eluent system of Et,O-hexane (1:5) was used in centrifugal radial
TLC purification. Ry= 0.65 (Et,O—hexane, 3:1); IR (neat) vmax 3327, 2946, 2866, 1454,
1354, 1122, 1032 cm'}; *H NMR (CDCls, 400 MHz) & 7.34 — 7.12 (m, 5H), 2.88 —
2.48 (m, 5H), 2.16 — 1.91 (m, 2H), 1.63 — 1.19 (m, 6H), 1.11 — 0.82 (m, 8H); *C
NMR (CDCls, 100 MHz) & 139.9, 129.4, 129.3, 128.3, 128.2, 126.0, 125.9, 58.6, 58.5,
56.5, 56.3, 41.3, 41.2, 41.1, 40.8, 40.6, 40.1, 36.8, 35.5, 35.4, 34.8, 34.4, 28.6, 28.6,
27.0, 27.0, 19.3, 19.2, 14.4, 14.2; HRESIMS m/z 258.2224 [M + H]* (calcd for

CigH2sN1, 258.2222).
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N-(1-Phenylpentan-2-yl)-2,3-dihydro-1H-inden-2-amine (216d). Following the
method to prepare amine 215a, 2-aminoindan (214d) (102.4 mg, 0.77 mmol, 1.1
equiv.), NaBH(OAC); (242.2 mg, 1.14 mmol, 1.6 equiv.) and AcOH (0.04 mL, 0.70
mmol, 1 equiv.) were used to react with ketone 191b (114.4 mg, 0.71 mmol, 1 equiv.)
in CICH,CHCI (5 mL) for 21.5 h to afford amine 216d as a grey oil (37.8 mg, 0.14
mmol, 20%). Eluent system of EtOAc—hexane (1:8) was used in centrifugal radial
TLC purification. Rf= 0.58 (EtOAc—hexane, 1:1); IR (neat) vmax 3320, 3034, 2924,
1464, 1347, 1120 cm™; *H NMR (CDCls, 400 MHz) & 7.32 — 7.26 (m, 2H), 7.23 —
7.08 (m, 7H), 3.72 (p, J = 7.4 Hz, 1H), 3.12 (ddd, J = 19.4, 15.5, 7.1 Hz, 2H), 2.94 —
2.84 (m, 1H), 2.77 (dd, J = 13.5, 5.9 Hz, 1H), 2.70 — 2.59 (m, 2H), 2.45 (dd, J = 15.4,
7.5 Hz, 1H), 1.57 — 1.31 (m, 4H), 1.01 — 0.83 (m, 3H); **C NMR (CDCls, 100 MHz) &
141.6, 139.6, 129.3, 128.4, 126.3, 126.3, 126.1, 124.6, 124.5, 57.2, 41.1, 40.5, 40.2,

36.6, 19.1, 14.3; HRESIMS m/z 280.2070 [M + H]" (calcd for C,oH26N;, 280.2065).

cTC

N-Phenethyl-2,3-dihydro-1H-inden-2-amine (217a). Following the method to
prepare amine 215a, PEA (213a) (0.11 mL, 0.89 mmol, 1.1 equiv.), NaBH(OAC);
(287.0 mg, 1.35 mmol, 1.6 equiv.) and AcOH (0.05 mL, 0.87 mmol, 1.1 equiv.) were
used to react with 2-indanone (212u) (108.0 mg, 0.82 mmol, 1 equiv.) in
CICH,CH,CI (8 mL) for 21.5 h to afford amine 217a as a grey oil (20.4 mg, 0.09

mmol, 11%). Eluent system of EtOAc—hexane (1:6) was used in centrifugal radial
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TLC purification. Rf= 0.27 (EtOAc—hexane, 1:1); IR (neat) vmax 3300, 3024, 2933,
2897, 2836, 1454, 1129, 1026 cm™; *H NMR (CDCls, 400 MHz) & 7.34 — 7.20 (m,
5H), 7.20 — 7.10 (m, 4H), 3.65 (p, J = 6.8 Hz, 1H), 3.15 (dd, J = 15.6, 7.1 Hz, 2H),
2.95 (t, J = 7.2 Hz, 2H), 2.83 (t, J = 7.2 Hz, 2H), 2.73 (dd, J = 15.6, 6.7 Hz, 2H); *C
NMR (CDCls, 100 MHz) & 141.6, 139.9, 128.7, 128.5, 126.4, 126.2, 124.6, 59.5, 49.6,

39.9, 36.5; HRESIMS m/z 238.1589 [M + H]" (calcd for C17H20Ny, 238.1596).

N
SORA®
N-Phenethyl-1,2,3,4-tetrahydronaphthalen-2-amine  (217b).%®  Following the
method to prepare amine 215a, PEA (213a) (0.38 mL, 3.09 mmol, 1.1 equiv.),
NaBH(OAC);3 (935.7 mg, 4.41 mmol, 1.6 equiv.) and AcOH (0.16 mL, 2.8 mmol, 1
equiv.) were used to react with B-tetralone (212v) (397.2 mg, 2.72 mmol, 1 equiv.) in
CICH,CH,CI (10 mL) for 25 h to afford amine 217b as a brown oil (529.9 mg, 2.11
mmol, 78%). Eluent system of Et,O-hexane (1:2) was used in centrifugal radial TLC
purification. Ry = 0.28 (Et,O-hexane, 3:1); IR (neat) vmax 3306, 3023, 2920, 2838,
1492, 1452, 1124 cm™; *H NMR (CDCls, 700 MHz) 5 7.30 (t, J = 7.6 Hz, 2H), 7.24 —
7.19 (m, 3H), 7.12 — 7.03 (m, 4H), 3.01 (t, J = 7.3 Hz, 2H), 3.05 — 2.98 (m, 1H), 2.98
—2.94 (m, 1H), 2.90 — 2.84 (m, 1H), 2.86 (t, J = 7.3 Hz, 2H), 2.81 (ddd, J = 16.8, 10.9,
5.7 Hz, 1H), 2.61 (dd, J = 15.6, 9.4 Hz, 1H), 2.10 — 2.03 (m, 1H), 1.60 (dtd, J = 12.6,
10.5, 5.7 Hz, 1H); *C NMR (CDCls, 175 MHz) & 139.8, 136.2, 135.1, 129.3, 128.7,
128.6, 128.5, 126.2, 125.8, 125.7, 53.6, 48.3, 36.5, 36.4, 29.5, 28.1; HRESIMS m/z

252.1750 [M + H]* (calcd for CigH2oNy, 252.1752).
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N-(2,3-Dihydro-1H-inden-2-yl)-1,2,3,4-tetrahydronaphthalen-2-amine (218). Fol-
lowing the method to prepare amine 215a, 2-aminoindan (214d) (112.6 mg, 0.85
mmol, 1.1 equiv.), NaBH(OAC)3 (266.9 mg, 1.26 mmol, 1.7 equiv.) and AcOH (0.04
mL, 0.70 mmol, 0.9 equiv.) were used to react with pB-tetralone (212v) (110.0 mg,
0.75 mmol, 1 equiv.) in CICH,CH,CI (5 mL) for 22 h to afford amine 218 as a grey
oil (22.0 mg, 0.08 mmol, 11%). Eluent system of EtOAc—hexane (1:9) was used in
centrifugal radial TLC purification. R = 0.34 (EtOAc-hexane, 1:1); IR (neat) Vmax
3300, 3018, 2924, 2837, 1454, 1128 cm™; *H NMR (CDCls, 400 MHz) & 7.23 — 7.05
(m, 8H), 3.89 (p, J = 7.0 Hz, 1H), 3.28 — 3.16 (m, 2H), 3.16 — 3.01 (M, 2H), 2.97 —
2.73 (m, 4H), 2.64 (dd, J = 15.4, 9.1 Hz, 1H), 2.17 — 2.00 (m, 1H), 1.64 (dtd, J = 12.7,
10.2, 6.2 Hz, 1H); BC NMR (CDCls, 100 MHz) 6 141.7, 136.2, 135.3, 129.4, 128.7,
126.4, 125.8, 125.7, 124.7, 56.6, 51.7, 40.5, 40.3, 37.0, 30.0, 28.2; HRESIMS m/z

264.1753 [M + H]* (calcd for CioH2:Ny, 264.1752).

6.1.3.5  O-Demethylation of schwarzinicine analogue 215a

OH

OH

OH

4-(2-((3,4-Dihydroxyphenethyl)amino)-4-(4-hydroxyphenyl)butyl)benzene-1,2-

HO
O HN
HO

diol (219). Based on the procedure reported by Kulkarni et al.,**®

neat pyridine
hydrochloride (200.0 mg, 1.73 mmol, 21.6 equiv.) was added into compound 215a
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(40.5 mg, 0.08 mmol, 1 equiv.) and the mixture was subjected to microwave
irradiation at 200 °C for 20 min. 5% HCI solution (5 mL) and saturated ag. Na,COs (6
mL) were subsequently added into the mixture. It was extracted with EtOAc (3 X 10
mL) and the combined organic layer was dried with Na,SO, and concentrated in
vacuo. The crude product was purified by centrifugal radial TLC using an eluent
system of Et,O to yield 219 as a brown oil (7.6 mg, 0.02 mmol, 22%). Rs = 0.16 (5%
MeOH-Et,0, 3:1); *H NMR (CD30D, 400 MHz) & 6.96 — 6.88 (m, 2H), 6.74 — 6.63
(m, 4H), 6.58 (d, J = 2.0 Hz, 2H), 6.40 (ddd, J = 8.5, 6.8, 2.1 Hz, 2H), 2.87 — 2.52 (m,
7H), 2.48 (t, J = 7.8 Hz, 2H), 1.80 — 1.60 (m, 2H); HRESIMS (LC/MS) (tz = 1.92 min

for a 15 min run) m/z 410.1958 [M + H]" (calcd for C4H2sNOs, 409.1958).

6.1.3.6 Reduction of ketone 191a
O OH

1,4-Diphenylbutan-2-ol (221).2*?" Based on the procedure reported by Lloyd et
al.,”* to an ice-cooled solution of ketone 191a (331.8 mg, 1.48 mmol, 1 equiv.) in
EtOH (8 mL) was added NaBH, (300.2 mg, 7.94 mmol, 5.4 equiv.). The solution was
stirred in an ice bath for 1.5 h prior to addition of 1 M NaOH solution (4 mL). It was
diluted with CH,Cl, (10 mL) followed by extraction with CH,Cl, (3 X 8 mL). The
combined organic layer was washed with water (8 mL) and brine (8 mL). It was then
dried with MgSQO, and concentrated in vacuo. The crude product was purified by
centrifugal radial TLC using an eluent system of Et,O-hexane (1:3) to yield 221 as a
yellow oil (285.7 mg, 1.26 mmol, 85%). R¢ = 0.33 (Et,O-hexane, 1:2); IR (neat) vmax
3382, 3026, 2918, 1602, 1494, 1453, 1079, 1048, 1030 cm™; 'H NMR (CDCls, 700
MHz) § 7.37 — 7.14 (m, 10H), 3.83 (tt, J = 8.4, 4.2 Hz, 1H), 2.88 — 2.79 (m, 2H), 2.74
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— 2.62 (m, 2H), 1.94 — 1.74 (m, 2H), 1.62 (s, 1H); *C NMR (CDCls;, 175 MHz) &
142.0, 138.3, 129.4, 128.6, 128.4, 128.4, 126.5, 125.8, 71.9, 44.1, 38.4, 32.1;
HRESIMS m/z 244.1697 [M + NHj]* (calcd for CigHNiO1, 244.1701). The

spectroscopic data are in good agreement with those reported in the literature.****

6.1.3.7  Tosylation of alcohol 221

1,4-Diphenylbutan-2-yl 4-methylbenzenesulfonate (224).*° Based on the procedure
reported by Williams et al.,?® to a solution of alcohol 221 (347.8 mg, 1.54 mmol, 1
equiv.) in CH,CIl, (10 mL) was added p-toluenesulfonyl chloride (776.5 mg, 4.07
mmol, 2.6 equiv.), EtsN (1.1 mL, 7.89 mmol, 5.1 equiv) and DMAP (209.7 mg, 1.72
mmol, 1.1 equiv.). The solution was stirred at room temperature for 18 h prior to
dilution of EtOAc (10 mL). The solution was washed with saturated ag. NH4ClI
solution (10 mL) and saturated ag. KHCOj3 solution (10 mL). The organic phase was
dried with MgSQO, and concentrated in vacuo. The crude product was purified by
centrifugal radial TLC using an eluent system of Et,O-hexane (1:7) to yield 224 as a
yellow oil (458.7 mg, 1.21 mmol, 79%). R = 0.22 (Et,O-hexane, 1:4); IR (neat) Vmax
3028, 2924, 2864, 1599, 1496, 1455, 1355, 1172, 1096 cm™; *H NMR (CDCls, 400
MHz) & 7.72 — 7.63 (m, 2H), 7.31 — 7.10 (m, 8H), 7.11 — 6.97 (m, 4H), 4.78 — 4.68 (m,
1H), 2.94 (qd, J = 13.9, 6.4 Hz, 2H), 2.65 (ddd, J = 13.9, 9.4, 7.0 Hz, 1H), 2.49 (ddd,
J=13.9, 9.1, 6.9 Hz, 1H), 2.42 (s, 3H), 2.00 — 1.79 (m, 2H); **C NMR (CDCl;, 100
MHz) ¢ 144.5, 140.8, 136.1, 134.0, 129.7, 129.5, 128.5, 128.4, 128.3, 127.7, 126.7,

126.0, 83.6, 40.8, 35.2, 31.1, 21.6; HRESIMS (LC/MS) (tg = 11.95 min for a 15 min
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run) m/z 403.1340 [M + Na]" (calcd for C,3H24NaOsS;, 403.1340). The spectroscopic

data are in good agreement with those reported in the literature.?*

6.1.3.8 Formation of amides 230a-c

o

> !

(J
N-(1,4-Diphenylbutan-2-yl)-N-phenethylacetamide (230a). Based on the procedure
reported by Taniguchi et al.,”*! to an ice-cooled solution of amine 215b (408.6 mg,
1.24 mmol, 1 equiv.) in CH,Cl, (8 mL) was added acetyl chloride (229a) (0.14 mL,
1.97 mmol, 1.6 equiv.) and EtsN (0.31 mL, 2.22 mmol, 1.8 equiv.). The solution was
stirred in an ice bath for 45 min prior to addition of water (8 mL). The mixture was
extracted with CHCI3 (3 X 10 mL). The combined organic layer was washed with
brine (8 mL) before drying with Na,SO, and concentrated in vacuo. The crude
product was purified by centrifugal radial TLC using an eluent system of Et,0O—
hexane (1:1) to yield 230a as a yellow oil (400.8 mg, 1.08 mmol, 87%). R; = 0.45
(Et,0-hexane, 7:1) ; IR (neat) vmax 3026, 2930, 2860, 1634, 1452, 1414, 1030 cm™;
'H NMR (CDCls, 700 MHz) & 7.37 — 7.05 (m, 15H), 3.88 — 3.77 (m, 1H), 3.61 (td, J
=12.3, 4.8 Hz, 1H), 3.33 (ddd, J = 13.3, 11.5, 5.3 Hz, 1H), 3.14 (td, J = 12.0, 4.7 Hz,
1H), 2.93 — 2.70 (m, 3H), 2.69 — 2.55 (m, 2H), 2.05 (s, 1H), 2.02 — 1.94 (m, 2H), 1.67
(s, 2H); *C NMR (CDCls, 175 MHz) & 171.3, 171.1, 141.6, 140.6, 139.8, 138.2,
138.1, 129.1, 129.0, 128.9, 128.8, 128.7, 128.6, 128.6, 128.4, 128.4, 128.4, 128.3,

128.2, 126.8, 126.7, 126.4, 126.3, 126.3, 125.9, 60.2, 44.0, 40.2, 35.4, 34.6, 34.4, 33.2,
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32.6, 22.5, 21.8; HRESIMS m/z 394.2159 [|V| + N&]Jr (calcd for C26H29N1Na101,

394.2147).

D\(O
O N
(J
N-(1,4-Diphenylbutan-2-yl)-N-phenethylcyclopropanecarboxamide (230b). Fol-
lowing the method to prepare amide 230a, cyclopropanecarbonyl chloride (229b)
(80.6 mg, 0.77 mmol, 1.7 equiv.) and EtzN (0.12 mL, 0.86 mmol, 1.9 equiv.) were
used to react with amine 215b (152.9 mg, 0.46 mmol, 1 equiv.) in CH,Cl, (4 mL) for
45 min to afford amide 230b as a light yellow oil (165.2 mg, 0.42 mmol, 91%).
Eluent system of Et,O-hexane (1:4) was used in centrifugal radial TLC purification.
Rf= 0.46 (Et,O-hexane, 1:1); IR (neat) vmax 3025, 2928, 1631, 1452, 1423, 1180,
1030 cm™; *H NMR (CDCls, 700 MHz) & 7.34 — 7.07 (m, 15H), 4.40 — 4.30 (m, 1H),
3.60 (td, J = 12.5, 4.2 Hz, 1H), 3.37 (td, J = 13.1, 12.7, 5.2 Hz, 1H), 3.10 (td, J = 12.4,
4.2 Hz, 1H), 2.90 — 2.55 (m, 4H), 2.09 — 1.92 (m, 1H), 1.71 — 1.63 (m, 1H), 1.32 —
1.26 (m, 1H), 1.10 — 1.01 (m, 1H), 0.93 — 0.86 (m, 1H), 0.83 — 0.65 (m, 1H), 0.61 —
0.48 (m, 1H), 0.44 — 0.35 (m, 1H); **C NMR (CDCls, 175 MHz) § 173.8, 141.8, 140.9,
139.9, 138.5, 138.2, 129.1, 129.1, 128.9, 128.8, 128.6, 128.6, 128.5, 128.4, 128.4,
128.3, 126.7, 126.6, 126.3, 126.3, 126.2, 125.9, 58.8, 44.5, 40.4, 35.5, 34.7, 34.4, 33.2,
32.8, 12.2, 11.7, 7.7, 7.4, 7.2; HRESIMS m/z 398.2480 [M + H]" (calcd for

CagH32N101, 398.2484).
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O N
(J
N-(1,4-Diphenylbutan-2-yl)-N-phenethyl-2-phenylacetamide (230c). Following the
method to prepare amide 230a, phenylacetyl chloride (185) (116.9 mg, 0.76 mmol,
1.6 equiv.) and Et3N (0.11 mL, 0.79 mmol, 1.7 equiv.) were used to react with amine
215b (150.6 mg, 0.46 mmol, 1 equiv.) in CH,Cl, (5 mL) for 30 min to afford amide
230c as a yellow oil (163.6 mg, 0.37 mmol, 80%). Eluent system of Et,0O-hexane (1:6)
was used in centrifugal radial TLC purification. R¢ = 0.47 (Et,O-hexane, 1:1); IR
(neat) vmax 3061, 3028, 2930, 1731, 1631, 1494, 1453, 1093, 1075 cm™; 'H NMR
(CDCls, 700 MHz) & 7.35 — 7.12 (m, 14H), 7.06 — 7.02 (m, 2H), 7.02 — 6.98 (m, 2H),
6.96 — 6.92 (m, 2H), 3.91 (ddd, J = 14.3, 8.3, 5.7 Hz, 1H), 3.67 — 3.56 (m, 2H), 3.39
(ddd, J = 13.3, 11.4, 5.3 Hz, 1H), 3.18 — 3.11 (m, 2H), 2.98 — 2.87 (m, 1H), 2.73 (dd,
J =135, 6.3 Hz, 1H), 2.68 (dd, J = 13.5, 8.0 Hz, 1H), 2.60 (dddd, J = 49.2, 13.9, 10.2,
6.1 Hz, 1H), 2.51 (ddd, J = 14.7, 9.8, 5.3 Hz, 1H), 2.34 (ddd, J = 14.2, 9.8, 6.8 Hz,
1H), 1.96 — 1.75 (m, 1H); *C NMR (CDCls, 175 MHz) § 171.7, 141.6, 140.7, 139.7,
138.2, 138.1, 135.3, 135.2, 129.5, 129.2, 129.1, 128.9, 128.9, 128.9, 128.8, 128.7,
128.6, 128.6, 128.6, 128.5, 128.5, 128.4, 128.4, 128.3, 128.2, 127.1, 126.8, 126.7,
126.7, 126.3, 126.3, 126.2, 125.9, 59.5, 49.1, 44.4, 41.2, 40.2, 35.2, 34.5, 34.1, 33.2,

32.4; HRESIMS m/z 448.2623 [M + H]" (calcd for C3;H34N; 04, 448.2640).
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6.1.3.9 Reduction of amides 230a-c

—
O N
(J
N-Ethyl-N-phenethyl-1,4-diphenylbutan-2-amine (231a). Based on the procedure
reported by Mu et al.,?** to an ice-cooled solution of amide 230a (30.0 mg, 0.08 mmol,
1 equiv.) in THF (5 mL) was added LiAlIH, (40.0 mg, 1.05 mmol, 13 equiv.). The
suspension was brought to room temperature before refluxed for 35 min. The mixture
was cooled in an ice bath and quenched with saturated NH4ClI solution (5 mL). It was
extracted with EtOAc (3 X 5 mL). The combined organic layer was dried with
Na,SO4 and concentrated in vacuo. The crude product was purified by centrifugal
radial TLC using an eluent system of Et,O-hexane (1:3) to yield 231a as a yellow oil
(21.6 mg, 0.06 mmol, 76%). R; = 0.72 (Et,0-hexane, 3:1) ; IR (neat) vmax 3026, 2927,
2856, 2808, 1602, 1495, 1453, 1378, 1094, 1030 cm™; *H NMR (CDCls;, 600 MHz) &
7.33 — 7.08 (m, 13H), 7.05 — 7.01 (m, 2H), 2.90 (dd, J = 13.2, 4.5 Hz, 1H), 2.87 —
2.76 (M, 2H), 2.76 — 2.62 (M, 4H), 2.60 — 2.49 (m, 1H), 2.42 — 2.32 (m, 2H), 1.69 —
1.60 (m, 3H), 1.04 (t, J = 7.1 Hz, 3H); **C NMR (CDCl;, 150 MHz) & 141.9, 140.1,
140.0, 128.2, 127.8, 127.3, 127.2, 127.2, 127.1, 124.8, 124.6, 124.4, 61.0, 51.2, 42.9,
35.5, 35.1, 32.2, 31.7, 13.7; HRESIMS m/z 358.2522 [M + H]" (calcd for CpsH3zNjy,

358.2535).
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D
O N
(J
N-(Cyclopropylmethyl)-N-phenethyl-1,4-diphenylbutan-2-amine (231b). Followi-
ng the method to prepare amine 231a, LiAIH, (80.0 mg, 2.11 mmol, 6.6 equiv.) was
used to react with amide 230b (126.8 mg, 0.32 mmol, 1 equiv.) in THF (10 mL) for
15 min to afford amine 231b as a yellow oil (92.4 mg, 0.24 mmol, 75%). Eluent
system of Et,O—hexane (1:9) was used in centrifugal radial TLC purification process.
Rf = 0.57 (Et,O-hexane, 1:5); IR (neat) vmax 3064, 3024, 2932, 2855, 2807, 1601,
1494, 1453, 1116, 1018 cm™; *H NMR (CDCls, 700 MHz) & 7.32 — 7.07 (m, 13H),
7.03 (d, J = 7.5 Hz, 2H), 2.99 (tt, J = 9.2, 4.5 Hz, 1H), 2.93 — 2.86 (m, 2H), 2.80 —
2.66 (M, 5H), 2.57 (dd, J = 13.2, 6.1 Hz, 1H), 2.44 — 2.32 (m, 3H), 1.71 — 1.57 (m,
2H), 0.86 — 0.78 (m, 1H), 0.54 — 0.41 (m, 2H), 0.13 (ddt, J = 19.6, 9.0, 4.6 Hz, 1H);
3C NMR (CDCls, 175 MHz) 6 143.7, 143.0, 141.1, 129.2, 128.9, 128.4, 128.3, 128.2,
128.1, 125.8, 125.6, 125.4, 62.2, 55.3, 52.3, 36.4, 36.0, 33.2, 32.7, 10.8, 5.0, 3.5;

HRESIMS m/z 384.2675 [M + H]" (calcd for CsHz4N;, 384.2691).

D

N,N-Diphenethyl-1,4-diphenylbutan-2-amine (231c). Following the method to
prepare amine 231a, LiAIH, (73.3 mg, 1.93 mmol, 5.7 equiv.) was used to react with
amide 230c (152.8 mg, 0.34 mmol, 1 equiv.) in THF (15 mL) for 15 min to afford
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amine 231c as a yellow oil (70.1 mg, 0.16 mmol, 47%). Eluent system of Et,O—
hexane (1:5) was used in centrifugal radial TLC purification process. R¢= 0.71 (Et,O—
hexane, 1:1); IR (neat) vmax 3025, 2926, 2853, 1494, 1452, 1116, 1028 cm™; *H NMR
(CDCls, 700 MHz) & 7.32 — 7.11 (m, 16H), 7.10 — 7.06 (m, 2H), 7.02 — 6.98 (m, 2H),
2.90 (dd, J = 13.0, 4.8 Hz, 1H), 2.88 — 2.82 (m, 3H), 2.78 — 2.61 (m, 7H), 2.40 (dd, J
= 13.1, 8.5 Hz, 1H), 2.36 (ddd, J = 14.0, 9.8, 6.4 Hz, 1H), 1.71 — 1.57 (m, 2H); *C
NMR (CDCl;, 175 MHz) 6 142.8, 141.0, 140.9, 129.2, 128.9, 128.4, 128.3, 128.3,
128.2, 125.9, 125.7, 125.5, 62.5, 52.6, 36.4, 36.3, 33.2, 32.7; HRESIMS m/z 434.2837

[M + H]" (calcd for Ca,HzsN1, 434.2848).

6.1.3.10 Quaternization of amines 215b and 217b

N,N-Dimethyl-N-phenethyl-1,4-diphenylbutan-2-aminium iodide (232). Based on

the procedure reported by Yasa et al.,*

in a stirring solution of amine 215b (95.7 mg,
0.29 mmol, 1 equiv.) in EtOH (4 mL) was added Mel (4.56 g, 32.1 mmol, 111 equiv.)
and K,CO3 (131.4 mg, 0.95 mmol, 3.3 equiv.). The mixture was stirred at room
temperature for 24 h before concentrated in vacuo. The crude product was purified by
centrifugal radial TLC using an eluent system of 1% MeOH-EtOAc to yield
ammonium salt 232 as an amorphous yellow solid (61.3 mg, 0.13 mmol, 45%). R¢ =
0.44 (10% MeOH-EtOAc); IR (neat) vmax 3423, 3018, 2933, 1459 cm?; *H NMR
(CDCls, 400 MHz) & 7.43 — 7.13 (m, 13H), 7.00 (d, J = 7.3 Hz, 2H), 3.89 — 3.67 (m,

3H), 3.53 (dd, J = 14.0, 4.8 Hz, 1H), 3.34 (s, 6H), 3.12 — 2.87 (m, 3H), 2.50 — 2.36 (m,
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1H), 2.36 — 2.15 (m, 2H), 2.09 — 1.95 (m, 1H); **C NMR (CDCls, 175 MHz) & 139.2,
135.4, 134.6, 129.4, 129.4, 129.3, 129.1, 128.9, 128.6, 127.8, 127.6, 126.8, 72.9, 63.6,
50.0, 49.9, 35.9, 33.5, 31.9, 29.2; HRESIMS m/z 150.1277, 254.1899, 344.2362 [M +

H]Jr (calcd for C10H16N1, C18H24N1, C25H30N1: 1501283, 2541909, 3442378)

ol
SORA®
N,N-Dimethyl-N-phenethyl-1,2,3,4-tetrahydronaphthalen-2-aminiumiodide (233).
Following the method to prepare ammonium salt 232, Mel (4.56 g, 32.1 mmol, 51.8
equiv.) and K,CO3 (272.7 mg, 1.97 mmol, 3.2 equiv.) were used to react with amine
217b (155.0 mg, 0.62 mmol, 1 equiv.) in EtOH (5 mL) for 24 h to afford ammonium
salt 233 as an amorphous yellow solid (208.9 mg, 0.51 mmol, 82%). Eluent system of
10% MeOH-EtOAc was used in centrifugal radial TLC purification. R¢= 0.38 (10%
MeOH-EtOAc); IR (neat) vmax 3421, 3015, 2927, 1450 cm™; *H NMR (CDCls, 400
MHz) & 7.45 — 7.39 (m, 2H), 7.34 — 7.15 (m, 4H), 7.16 — 7.11 (m, 2H), 7.09 — 7.03 (m,
1H), 4.00 (tdd, J = 11.5, 5.5, 2.8 Hz, 1H), 3.93 — 3.75 (m, 2H), 3.44 (s, 3H), 3.39 (s,
3H), 3.28 (ddd, J = 15.5, 5.6, 2.1 Hz, 1H), 3.24 — 3.10 (m, 3H), 3.03 — 2.91 (m, 2H),
2.54 — 2.43 (m, 1H), 1.89 — 1.76 (m, 1H); **C NMR (CDCls, 100 MHz) & 134.9, 134.2,
131.3, 129.5, 129.4, 129.2, 128.5, 127.6, 127.1, 126.7, 69.8, 63.4, 49.6, 49.3, 29.7,
29.3, 28.7, 23.9; HRESIMS m/z 150.1305, 176.1456, 266.1903 [M + H]" (calcd for

C10H16N1, C12H1gN1, C19H24N1: 150.1283, 176.1439, 266.1909).
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6.1.3.11 N-Boc deprotection of schwarzinicine analogue
215z

HN
(M
N-Phenethyl-1-((S)-pyrrolidin-2-yl)pentan-2-amine (239). Based on the procedure
reported by Davis et al.,?* to a solution of N-Boc protected 215z (61.7 mg, 0.17
mmol, 1 equiv.) in CH,Cl, (4 mL) was added TFA (0.5 mL, 6.53 mmol, 38.4 equiv.).
The solution was stirred at room temperature for 3 h prior to the addition of 3M
NaOH solution (6 mL). The mixture was extracted with EtOAc (3 X 10 mL). The
combined organic layer was washed with brine (5 mL), dried with Na,SO, and
concentrated in vacuo. The crude product was purified by centrifugal radial TLC
using an eluent system of 5% MeOH-EtOAc (NHj3) to yield diastereomer 1 of 239 as
a yellow oil (11.4 mg, 0.04 mmol, 24%) and diastereomer 2 of 239 as a yellow oil
(9.8 mg, 0.04 mmol, 24%). Diastereomer 1: Rf = 0.12 (5% MeOH-EtOAc (NHs)); IR
(neat) vmax 3420, 3265, 2960, 2933, 2874, 1673, 1455, 1424, 1199, 1172, 1126 cm™;
'H NMR (CDCls, 600 MHz) & 7.36 — 7.30 (m, 2H), 7.27 — 7.18 (m, 3H), 3.75 — 3.69
(m, 1H), 3.13 (dt, J = 11.1, 5.7 Hz, 1H), 2.94 — 2.71 (m, 5H), 2.57 (dt, J = 11.6, 7.6
Hz, 1H), 2.06 (dg, J = 13.0, 7.4 Hz, 1H), 1.87 — 1.77 (m, 2H), 1.65 — 1.58 (m, 1H),
1.50 (dtd, J = 12.7, 7.1, 5.0 Hz, 1H), 1.37 — 1.16 (m, 5H), 0.91 (t, J = 7.3 Hz, 3H); **C
NMR (CDCls, 150 MHz) & 139.2, 128.9, 128.7, 126.7, 59.5, 57.6, 46.1, 43.1, 35.8,
35.7,34.7,31.2, 23.7, 18.7, 14.1; HRESIMS (LC/MS) (tr = 2.46 min for a 15 min run)
m/z 261.2335 [M + H]" (calcd for C17H29N>, 261.2335). Diastereomer 2: Rs = 0.07 (5%

MeOH-EtOAc (NHs)); IR (neat) vmax 3385, 3289, 2955, 2929, 2870, 1540, 1454,
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1401, 1143, 1101, 1031 cm™; *H NMR (CDCls, 400 MHz) & 7.33 — 7.27 (m, 2H),
7.25 — 7.14 (m, 3H), 3.09 — 2.98 (m, 1H), 2.98 — 2.87 (m, 2H), 2.87 — 2.74 (m, 3H),
2.65 — 2.54 (m, 1H), 1.91 — 1.78 (m, 1H), 1.76 — 1.61 (m, 2H), 1.58 — 1.39 (m, 3H),
1.39 — 1.15 (m, 5H), 0.88 (t, J = 7.1 Hz, 3H); *C NMR (CDCls, 100 MHz) & 140.2,
128.8, 128.4, 126.1, 57.8, 56.9, 48.1, 46.1, 40.3, 36.6, 32.4, 31.8, 24.9, 18.8, 14.4;
HRESIMS (LC/MS) (tr = 2.25 min for a 15 min run) m/z 261.2335 [M + H]" (calcd

for C17H29N2, 2612335)

6.2 Computational analysis

Low-energy conformations of four stereoisomers of 147 ((2R,4R), (2S,4S), (2R,4S)
and (2S,4R)) were generated using Confab as implemented in OpenBabel 2.4.1.29%%%
Geometry optimization using DFT at the B3LYP/6-31G* level was then performed
using ORCA 4.1.2*?%® The lowest energy geometry-optimized conformers within an
5 kcal/mol cut-off were then subjected to TDDFT ECD calculations at the CAM-
B3LYP/def2-TZVP level using a CPCM solvation model for acetonitrile.?*® The final
ECD curve was calculated using SpecDis 1.71 following Boltzmann weighting of the
individual ECD curves and UV correction.?®” The calculated ECD curve was then
compared to the experimental ECD curves for the assignment of the absolute

stereochemistry.

6.3 Pharmacological testing

6.3.1 Chemicals and reagents

(R)-(-)-Phenylephrine  (PE) hydrochloride (Sigma Aldrich, United States),
dobutamine hydrochloride (Tocris Bioscience, United States), (*)-verapamil

hydrochloride (Acros Organics, United States), 3,4-dimethoxyphenethylamine
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(DMPEA, 176) (Acros Organics, United States) and DMSO (Sigma Aldrich, United
States) were used in the testing. PE was dissolved in purified water (purified by
ELGA PURELAB® flex water purification system) to prepare 0.1 M stock solution
and subsequently diluted down into lower concentrations (10 mM, 1 mM, 0.1 mM, 10
uM, 1 uM and 0.1 pM) in purified water. The two positive controls (dobutamine and
verapamil (18)), DMPEA (176), schwarzinicines A-D (142-145), F (147d) and all
synthesized analogues were first dissolved in DMSO to make up 0.1 M stock
solutions before further diluted down into lower concentrations in purified water. The
stock solutions that were prepared from a 10-fold serial dilution of 0.1 M compounds
included: 10 mM (75% DMSO (v/v)), 1 mM (50% DMSO (v/v)), 0.1 mM (25%
DMSO (v/v)), 10 uM (~100% purified water), 1 uM (~100% purified water) and 0.1
UM (~100% purified water). The Krebs-Ringer bicarbonate solution was prepared

based on the composition reported by Loong et al.?*

6.3.2 Tissue preparation

Adult male Sprague Dawley (SD) rats (2-3 months old, 300-420 g, purchased from
the animal house at Universiti Putra Malaysia) and spontaneously hypertensive rats
(SHRs) (4-5 months, 300-470 g, SBP 170-310 mmHg, DBP 130-300 mmHg,
purchased from the animal house at Monash University Malaysia) were euthanized
with CO,. Ethical approvals were obtained from the University of Nottingham’s
Animal Welfare and Ethical Review Body (AWERB REF: UNMC12 and UNMC18).
The entire thoracic aorta was immediately excised, cut into segments of 4 mm in
length and transferred into Krebs-Ringer bicarbonate solution. Each segment was
suspended by a glass rod in a glass organ bath chamber containing 10 mL Krebs-
Ringer bicarbonate solution at 37 °C and aerated with 5% CO, in 95% O,. Changes in

muscle tension due to tissue contraction and relaxation were recorded by a force
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transducer (MLTFO50/ST, ADInstruments, US) and a PowerLab data acquisition
system (LabChart v7.3.4). The raw data were stored on a laptop (EliteBook 8470p,
Hewlett-Packard, US). The tissue was allowed to equilibrate for 15 min in the
solution before tension (2 g) was applied. The tissue with loaded tension was allowed
to equilibrate for 30 min prior to stimulation with 60 mM KCI solution twice to test
the tissue viability. After equilibration, each aortic ring was pre-contracted with PE
(0.1 pM). This was then followed by the subsequent individual experimental
protocols. When the PE-induced contraction reached a plateau, each compound was
added in cumulative concentration from 0.1 nM to 0.1 mM in the organ bath chamber

to obtain a cumulative concentration-response curve.

6.3.3 Effects of compounds against phenylephrine (PE)-

induced contraction in aorta

To determine the vasorelaxant effect of each compound, each aortic ring was first
precontracted with PE (0.1 uM). When the PE-induced contractile response plateaued,
cumulative concentration-response curves for each compound (from 0.1 nM to 0.1
mM) were constructed. The relaxation responses were calculated as percentage
inhibition of PE-induced contraction. Emax and ECso values were obtained, where
ECso is the concentration of the compound that produces 50% of its maximum

response (Emax). DMSO was used as vehicle control in the experiment.

6.3.4 Data analysis and statistics

The raw data were analysed by using Microsoft Excel 2016 and GraphPad Prism 7.05.
The data were expressed as mean + standard error of the mean (SEM) of n, which
represents the number of animals for each data set. The maximum percentage of

relaxation (Emax) and the concentration of a compound that produced half-maximal
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relaxation (ECsg) were obtained from non-linear curves fitting using GraphPad Prism
7.05. Comparison between experimental groups was analysed using unpaired

Student’s t-test. Results were considered to be statistically significant if p < 0.05.
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'H NMR spectrum of N-(2-morpholinoethyl)-1-phenylpentan-
2-amine (215p) (CDCls, 700 MHz)
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3C NMR spectrum of N-(2-cyclohexylethyl)-1-(furan-2-
yl)pentan-3-amine (215x) (CDCls, 100 MHz)

'H NMR spectrum of 1-(furan-2-yl)-N-(2-(piperidin-1-
yl)ethyl)pentan-3-amine (215y) (CDCls, 400 MHz)

3C NMR spectrum of 1-(furan-2-yl)-N-(2-(piperidin-1-
yl)ethyl)pentan-3-amine (215y) (CDCls, 100 MHz)
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(2152b) (CDCls, 175 MHz)
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(215zc) (CDCl3, 400 MHz)
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(2152¢) (CDCls, 175 MHz)
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2-amine (215zg) (CDCls, 700 MHz)
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3C NMR spectrum of 1-(benzo[d][1,3]dioxol-5-yI)-N-
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3C NMR spectrum of N-(4-fluorophenethyl)-1-phenylpentan-
2-amine (215zn) (CDCls, 175 MHz)

'H NMR spectrum of N-(4-fluorophenethyl)-1-(p-tolyl)pentan-
2-amine (215zo0) (CDCls, 400 MHz)

3C NMR spectrum of N-(4-fluorophenethyl)-1-(p-
tolyl)pentan-2-amine (215z0) (CDCls, 100 MHz)

'H NMR spectrum of 1-(4-chlorophenyl)-N-phenethylpentan-
2-amine (215zp) (CDCls, 400 MHz)

3C NMR spectrum of 1-(4-chlorophenyl)-N-phenethylpentan-
2-amine (215zp) (CDCls, 100 MHz)

'H NMR spectrum of 1-(4-chlorophenyl)-N-(4-
fluorophenethyl)pentan-2-amine (215zq) (CDCls, 400 MHz)

3C NMR spectrum of 1-(4-chlorophenyl)-N-(4-
fluorophenethyl)pentan-2-amine (215zq) (CDCls, 100 MHz)

'H NMR spectrum of 1-(4-chlorophenyl)-N-(4-
fluorophenethyl)-4-phenylbutan-2-amine (215zr) (CDCls, 400
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3C NMR spectrum of 1-(4-chlorophenyl)-N-(4-
fluorophenethyl)-4-phenylbutan-2-amine (215zr) (CDCls, 100
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'"H NMR spectrum of N-(1-phenylpentan-2-
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3C NMR spectrum of N-(1-phenylpentan-2-
yl)cyclopentanamine (216a) (CDCls, 100 MHz)

'"H NMR spectrum of N-(1-phenylpentan-2-
yl)cyclopropanamine (216b) (CDCls, 400 MHz)

3C NMR spectrum of N-(1-phenylpentan-2-
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Figure S233
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3C NMR spectrum of N-(1-phenylpentan-2-yl)-2,3-dihydro-
1H-inden-2-amine (216d) (CDCls, 100 MHz)

'H NMR spectrum of N-phenethyl-2,3-dihydro-1H-inden-2-
amine (217a) (CDCls, 400 MHz)

3C NMR spectrum of N-phenethyl-2,3-dihydro-1H-inden-2-
amine (217a) (CDCls, 100 MHz)

'H NMR spectrum of N-phenethyl-1,2,3,4-
tetrahydronaphthalen-2-amine (217b) (CDCls, 700 MHz)

3C NMR spectrum of N-phenethyl-1,2,3,4-
tetrahydronaphthalen-2-amine (217b) (CDCls, 175 MHz)

HSQC spectrum of N-phenethyl-1,2,3,4-tetrahydronaphthalen-
2-amine (217b) (CDCls, 700 MHz)

COSY spectrum of N-phenethyl-1,2,3,4-tetrahydronaphthalen-
2-amine (217b) (CDCls, 700 MHz)

HMBC spectrum of N-phenethyl-1,2,3,4-
tetrahydronaphthalen-2-amine (217b) (CDCl3, 700 MHz)

'H NMR spectrum of N-(2,3-dihydro-1H-inden-2-yl)-1,2,3,4-
tetrahydronaphthalen-2-amine (218) (CDCls, 400 MHz)

3C NMR spectrum of N-(2,3-dihydro-1H-inden-2-yl)-1,2,3,4-
tetrahydronaphthalen-2-amine (218) (CDCl3, 100 MHz)

'H NMR spectrum of 4-(2-((3,4-dihydroxyphenethyl)amino)-
4-(4-hydroxyphenyl)butyl)benzene-1,2-diol (219) (CD3OD,
400 MHz)

'H NMR spectrum of 1,4-diphenylbutan-2-ol (221) (CDCls,
700 MHz)

3C NMR spectrum of 1,4-diphenylbutan-2-ol (221) (CDCls,
175 MHz)

'"H NMR spectrum of 1,4-diphenylbutan-2-yl 4-
methylbenzenesulfonate (224) (CDCls, 400 MHz)

C NMR spectrum of 1,4-diphenylbutan-2-yl 4-
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Figure S249
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3C NMR spectrum of N-(1,4-diphenylbutan-2-yl)-N-
phenethylacetamide (230a) (CDCls, 175 MHz)

'H NMR spectrum of N-(1,4-diphenylbutan-2-yl)-N-
phenethylcyclopropanecarboxamide (230b) (CDCls, 700
MHz)

3C NMR spectrum of N-(1,4-diphenylbutan-2-yl)-N-
phenethylcyclopropanecarboxamide (230b) (CDCls, 175
MHz)

'H NMR spectrum of N-(1,4-diphenylbutan-2-yl)-N-
phenethyl-2-phenylacetamide (230c) (CDCls, 700 MHz)

3C NMR spectrum of N-(1,4-diphenylbutan-2-yl)-N-
phenethyl-2-phenylacetamide (230c) (CDCls, 175 MHz)

'H NMR spectrum of N-ethyl-N-phenethyl-1,4-diphenylbutan-
2-amine (231a) (CDCls, 600 MHz)

3C NMR spectrum of N-ethyl-N-phenethyl-1,4-
diphenylbutan-2-amine (231a) (CDCls, 150 MHz)

'H NMR spectrum of N-(cyclopropylmethyl)-N-phenethyl-1,4-
diphenylbutan-2-amine (231b) (CDCl3, 700 MHz)

3C NMR spectrum of N-(cyclopropylmethyl)-N-phenethyl-
1,4-diphenylbutan-2-amine (231b) (CDCls, 175 MHz)

'H NMR spectrum of N,N-diphenethyl-1,4-diphenylbutan-2-
amine (231c) (CDCls, 700 MHz)

3C NMR spectrum of N,N-diphenethyl-1,4-diphenylbutan-2-
amine (231c) (CDCls, 175 MHz)

'H NMR spectrum of N,N-dimethyl-N-phenethyl-1,4-
diphenylbutan-2-aminium iodide (232) (CDCls, 400 MHz)

3C NMR spectrum of N,N-dimethyl-N-phenethyl-1,4-
diphenylbutan-2-aminium iodide (232) (CDCls, 175 MHZz)

'H NMR spectrum of N,N-dimethyl-N-phenethyl-1,2,3,4-
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C NMR spectrum of N,N-dimethyl-N-phenethyl-1,2,3,4-
tetrahydronaphthalen-2-aminium iodide (233) (CDCls, 100
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Figure S265
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yl)pentan-2-amine (diastereomer 1 of 239) (CDCl;, 600 MHz)

C NMR spectrum of N-phenethyl-1-((S)-pyrrolidin-2-
yl)pentan-2-amine (diastereomer 1 of 239) (CDCl;, 150 MHz)

HSQC spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-
2-amine (diastereomer 1 of 239) (CDCl;, 600 MHz)

COSY spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-
2-amine (diastereomer 1 of 239) (CDCl;, 600 MHz)

HMBC spectrum of N-phenethyl-1-((S)-pyrrolidin-2-
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Figure S1. 'H NMR spectrum of 3,4-dimethoxyphenylacetaldehyde (177b) (CDCls,
400 MHz)
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Figure S2. *C NMR spectrum of 3,4-dimethoxyphenylacetaldehyde (177b) (CDCls,
100 MHz)
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Figure S3. 'H NMR spectrum of ethyl 3-(3,4-dimethoxyphenyl)propanoate (193)
(CDCls, 700 MHz)
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Figure S4. *C NMR spectrum of ethyl 3-(3,4-dimethoxyphenyl)propanoate (193)
(CDCls, 175 MHZ)
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Figure S5. *H NMR spectrum of 1-cyano-1,4-di-(3',4'-dimethoxyphenyl)-butanone-2
(194) (CDCl3, 700 MHz)
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Figure S6. *C NMR spectrum of 1-cyano-1,4-di-(3',4'-dimethoxyphenyl)-butanone-2
(194) (CDCl3, 175 MHz)
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Figure S17. *H NMR spectrum of ethyl 4-(3,4-dimethoxyphenyl)-3-oxobutanoate
(197) (CDCl3, 700 MHz)
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Figure S18. **C NMR spectrum of ethyl 4-(3,4-dimethoxyphenyl)-3-oxobutanoate
(197) (CDCl3, 175 MHz)
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Figure $19. "H NMR spectrum of ethyl 3-((3,4-dimethoxyphenethyl)amino)-4-(3,4-
dimethoxyphenyl)butanoate (195) (CDCls, 700 MHz)
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Figure S20. *C NMR spectrum of ethyl 3-((3,4-dimethoxyphenethyl)amino)-4-(3,4-
dimethoxyphenyl)butanoate (195) (CDCls, 175 MHz)
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Figure S21. *H NMR spectrum of ethyl 3-((tert-butoxycarbony!)(3,4-

dimethoxyphenethyl)amine)-4-(3,4-dimethoxyphenyl)butanoate (199) (CDCls, 400
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Figure $22. **C NMR spectrum of ethyl 3-((tert-butoxycarbonyl)(3,4-

dimethoxyphenethyl)amine)-4-(3,4-dimethoxyphenyl)butanoate (199) (CDCl;, 100
MHZz)
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Figure S23. *H NMR spectrum of tert-butyl 3,4-dimethoxyphenethyl(1-(3,4-
dimethoxyphen)-4-oxobutan-2-yl)carbamate (200) (CDCls, 400 MHz)
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Figure S24. *C NMR spectrum of tert-butyl 3,4-dimethoxyphenethyl(1-(3,4-
dimethoxyphen)-4-oxobutan-2-yl)carbamate (200) (CDCls, 100 MHz)
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Figure S25. 'H NMR spectrum of tert-butyl (1,4-bis(3,4-dimethoxyphenyl)-4-
hydroxybutan-2-yl)(3,4-dimethoxyphenethyl)carbamate (diastereomer pair 1 of 202)
(CDCl3, 600 MHz)
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Figure $26. *C NMR spectrum of tert-butyl (1,4-bis(3,4-dimethoxyphenyl)-4-
hydroxybutan-2-yl)(3,4-dimethoxyphenethyl)carbamate (diastereomer pair 1 of 202)
(CDCls, 150 MHz)
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Figure S27. HSQC spectrum of tert-butyl (1,4-bis(3,4-dimethoxyphenyl)-4-

hydroxybutan-2-yl)(3,4-dimethoxyphenethyl)carbamate (diastereomer pair 1 of 202)
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Figure S28. COSY spectrum of tert-butyl (1,4-bis(3,4-dimethoxyphenyl)-4-

hydroxybutan-2-yl)(3,4-dimethoxyphenethyl)carbamate (diastereomer pair 1 of 202)

(CDCls, 600 MHz)
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Figure S29. HMBC spectrum of tert-butyl (1,4-bis(3,4-dimethoxyphenyl)-4-
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Figure S$30. 'H NMR spectrum of tert-butyl (1,4-bis(3,4-dimethoxyphenyl)-4-
hydroxybutan-2-yl)(3,4-dimethoxyphenethyl)carbamate (diastereomer pair 2 of 202)
(CDCls, 600 MHz)
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Figure S31. **C NMR spectrum of tert-butyl (1,4-bis(3,4-dimethoxyphenyl)-4-
hydroxybutan-2-yl)(3,4-dimethoxyphenethyl)carbamate (diastereomer pair 2 of 202)
(CDCls, 150 MHz)
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Figure S32. HSQC spectrum of tert-butyl (1,4-bis(3,4-dimethoxyphenyl)-4-

hydroxybutan-2-yl)(3,4-dimethoxyphenethyl)carbamate (diastereomer pair 2 of 202)

(CDCls, 600 MHz)
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Figure S33. COSY spectrum of tert-butyl (1,4-bis(3,4-dimethoxyphenyl)-4-

hydroxybutan-2-yl)(3,4-dimethoxyphenethyl)carbamate (diastereomer pair 2 of 202)

(CDCls, 600 MHz)
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Figure S34. HMBC spectrum of tert-butyl (1,4-bis(3,4-dimethoxyphenyl)-4-
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Figure S35. *H NMR spectrum of N-(3,4-dimethoxyphenethyl)-4-(3,4-
dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-2-amine
(diastereomer pair 1 of 203) (CDCl3, 700 MHz)
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Figure $36. *C NMR spectrum of N-(3,4-dimethoxyphenethyl)-4-(3,4-
dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-2-amine
(diastereomer pair 1 of 203) (CDCls, 175 MHz)
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Figure S37. HSQC spectrum of N-(3,4-dimethoxyphenethyl)-4-(3,4-
dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-2-amine
(diastereomer pair 1 of 203) (CDCl3, 700 MHz)
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Figure S38. COSY spectrum of N-(3,4-dimethoxyphenethyl)-4-(3,4-
dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-2-amine

(diastereomer pair 1 of 203) (CDCl3, 700 MHz)
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Figure S39. HMBC spectrum of N-(3,4-dimethoxyphenethyl)-4-(3,4-
dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-2-amine

(diastereomer pair 1 of 203) (CDCl3, 700 MHz)

Figure S40. COSY and HMBC correlations of N-(3,4-dimethoxyphenethyl)-4-(3,4-
dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-2-amine
(diastereomer pair 1 of 203)
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Figure S41. 'H NMR spectrum of N-(3,4-dimethoxyphenethyl)-4-(3,4-
dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-2-amine
(diastereomer pair 2 of 203) (CDCl3, 700 MHz)
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Figure S42. **C NMR spectrum of N-(3,4-dimethoxyphenethyl)-4-(3,4-
dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-2-amine
(diastereomer pair 2 of 203) (CDCls, 175 MHz)
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Figure S43. HSQC spectrum of N-(3,4-dimethoxyphenethyl)-4-(3,4-
dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-2-amine
(diastereomer pair 2 of 203) (CDCl3, 700 MHz)
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Figure S44. COSY spectrum of N-(3,4-dimethoxyphenethyl)-4-(3,4-
dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-2-amine

(diastereomer pair 2 of 203) (CDCl3, 700 MHz)
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Figure S45. HMBC spectrum of N-(3,4-dimethoxyphenethyl)-4-(3,4-
dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-2-amine

(diastereomer pair 2 of 203) (CDCl3, 700 MHz)
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Figure S46. COSY and HMBC correlations of N-(3,4-dimethoxyphenethyl)-4-(3,4-

dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydronaphthalen-2-amine
(diastereomer pair 2 of 203)

T
-0.5

20

F30

F40

50

60

70

80

90

100

110

120

130

140

150

f1 (ppm)

313



FK334_3_1H_181218
sin ulse

%m

g

sane sbow  somsnsooe
8858 BB D 3 Qo BdmadR
2858 5888  REgahigsk
< | S\

S

tfpy
L
ST T e 7 B
o a a nian o @
Snoo s BN =
T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

éhemical Shi-ﬂ (ppm)

Figure S47. 'H NMR spectrum of 1,4-bis(3,4-dimethoxyphenyl)-4-hydroxybutan-2-
one (205) (CDCls;, 400 MHz)
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Figure S48. *C NMR spectrum of 1,4-bis(3,4-dimethoxyphenyl)-4-hydroxybutan-2-
one (205) (CDCls, 100 MHz)
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Figure S49. *H NMR spectrum of stereoisomers of schwarzinicine F (147a/147b)
(CDCls, 400 MHz)
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Figure S50. **C NMR spectrum of stereoisomers of schwarzinicine F (147a/147b)
(CDCls, 100 MHz)
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Figure S51. HSQC spectrum of stereoisomers of schwarzinicine F (147a/147b)
(CDCls, 400 MHz)
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Figure S52. COSY spectrum of stereoisomers of schwarzinicine F (147a/147b)
(CDCls, 400 MHz)
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Figure S53. HMBC spectrum of stereoisomers of schwarzinicine F (147a/147b)

(CDCls, 400 MHz)
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Figure S55. "H NMR spectrum of stereoisomers of schwarzinicine F (147¢/147d)
(CDCls, 400 MHz)
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Figure S56. **C NMR spectrum of stereoisomers of schwarzinicine F (147¢/147d)
(CDCls, 100 MHz)
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Figure S64. *H NMR spectrum of N-methoxy-N-methyl-(3,4-
dimethoxyphenyl)acetamide (177c) (CDCl;, 700 MHz)
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Figure S65. *C NMR spectrum of N-methoxy-N-methyl-(3,4-
dimethoxyphenyl)acetamide (177¢) (CDCls, 175 MHz)
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Figure S66. *H NMR spectrum of 2-cyclohexyl-N-methoxy-N-methylacetamide
(210a) (CDCl3, 700 MHz)
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Figure S67. *C NMR spectrum of 2-cyclohexyl-N-methoxy-N-methylacetamide
(210a) (CDCl3, 175 MHz)
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Figure S68. *H NMR spectrum of 2-cyclopropyl-N-methoxy-N-methylacetamide
(210b) (CDCls, 700 MHz)
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Figure S69. *C NMR spectrum of 2-cyclopropyl-N-methoxy-N-methylacetamide
(210b) (CDCls, 175 MHz)
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Figure S70. 'H NMR spectrum of N-methoxy-N-methyl-2-(naphthalen-2-
yl)acetamide (210c) (CDCls, 700 MHz)
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Figure S71. **C NMR spectrum of N-methoxy-N-methyl-2-(naphthalen-2-
yl)acetamide (210c) (CDCls, 175 MHz)
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Figure S72. 'H NMR spectrum of 2-(benzo[b]thiophen-3-yl)-N-methoxy-N-
methylacetamide (210d) (CDCls, 400 MHz)
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Figure S73. *C NMR spectrum of 2-(benzo[b]thiophen-3-yl)-N-methoxy-N-
methylacetamide (210d) (CDCls, 100 MHz)
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Figure S74. "H NMR spectrum of N-methoxy-N-methyl-2-(thiophen-2-yl)acetamide
(210e) (CDCls, 700 MHz)
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Figure S75. **C NMR spectrum of N-methoxy-N-methyl-2-(thiophen-2-yl)acetamide
(210e) (CDCls, 175 MHz)
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Figure S76. "H NMR spectrum of 3-(furan-2-yl)-N-methoxy-N-methylpropanamide
(210f) (CDCl3, 700 MHz)
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Figure S77. **C NMR spectrum of 3-(furan-2-yl)-N-methoxy-N-methylpropanamide
(210f) (CDCls, 175 MHz)
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Figure S78. "H NMR spectrum of tert-butyl 2-(2-(methoxy(methyl)amino)-2-
oxoethyl)pyrrolidine-1-carboxylate (210g) (CDCls, 700 MHz)
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Figure $79. **C NMR spectrum of tert-butyl 2-(2-(methoxy(methyl)amino)-2-
oxoethyl)pyrrolidine-1-carboxylate (210g) (CDCl3, 175 MHz)
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Figure $80. 'H NMR spectrum of N-methoxy-N-methyl-5-phenylpentanamide (210h)
(CDCls, 700 MHz)
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Figure S81. *C NMR spectrum of N-methoxy-N-methyl-5-phenylpentanamide (210h)
(CDCls, 175 MHz)
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Figure $82. 'H NMR spectrum of N-methoxy-N-methyl-2-methoxy-2-
phenylacetamide (210i) (CDCls, 700 MHz)
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Figure $83. *C NMR spectrum of N-methoxy-N-methyl-2-methoxy-2-
phenylacetamide (210i) (CDCls, 175 MHz)
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Figure S84. 'H NMR spectrum of N-methoxy-N-methyl-2-(benzo[d][1,3]dioxol-5-
yl)acetamide (210j) (CDCls, 700 MHz)
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Figure $85. **C NMR spectrum of N-methoxy-N-methyl-2-(benzo[d][1,3]dioxol-5-
yl)acetamide (210j) (CDCls, 175 MHz)
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Figure $86. "H NMR spectrum of N-methoxy-N-methyl-2-(p-tolyl)acetamide (210k)
(CDCls, 700 MHz)
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Figure S87. **C NMR spectrum of N-methoxy-N-methyl-2-(p-tolyl)acetamide (210k)
(CDCls, 175 MHz)
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Figure S88. *H NMR spectrum of N-methoxy-N-methyl-2-phenylacetamide (186)
(CDCls, 400 MHz)
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Figure $89. **C NMR spectrum of N-methoxy-N-methyl-2-phenylacetamide (186)
(CDCls, 100 MHz)
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Figure S90. *H NMR spectrum of N-methoxy-N-methylpropionamide (2101) (CDCls,
700 MHz)
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Figure S91. **C NMR spectrum of N-methoxy-N-methylpropionamide (210l) (CDCls,
175 MHz)
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Figure $92. "H NMR spectrum of N-methoxy-N-methyl-2-phenylbutanamide (210m)

(CDCls, 700 MH2)
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Figure S93.**C NMR spectrum of N-methoxy-N-methyl-2-phenylbutanamide (210m)

(CDCls, 175 MHz)
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Figure S94. 'H NMR spectrum of 2-(4-chlorophenyl)-N-methoxy-N-methylacetamide
(210n) (CDCls, 700 MHz)
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Figure S95. *C NMR spectrum of 2-(4-chlorophenyl)-N-methoxy-N-
methylacetamide (210n) (CDCls, 175 MHz)
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Figure S96. *H NMR spectrum of 1,4-diphenylbutan-2-one (191a) (CDCls, 400 MHz)
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Figure S97. **C NMR spectrum of 1,4-diphenylbutan-2-one (191a) (CDCls, 100
MH2z)
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Figure S$98. 'H NMR spectrum of 1-phenylpentan-2-one (191b) (CDCls, 700 MHz)
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Figure S99. **C NMR spectrum of 1-phenylpentan-2-one (191b) (CDCls, 175 MHz)
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Figure $100. *H NMR spectrum of 1,3-diphenylpropan-2-one (191c) (CDCls, 700
MHZz)
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Figure S101. *C NMR spectrum of 1,3-diphenylpropan-2-one (191c) (CDCls, 175
MHZz)
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Figure $102. *H NMR spectrum of 1-(3,4-dimethoxy-phenyl)-4-(4-methoxy-phenyl)-

butan-2-one (191d) (CDCls, 700 MHz)
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Figure $S103. *C NMR spectrum of 1-(3,4-dimethoxy-phenyl)-4-(4-methoxy-
phenyl)-butan-2-one (191d) (CDCls, 175 MHz)

341



FK67 (1H & 13Cf1.fid
2g sample FK67 CDCI3) 090119

aaaaaaaa
AR@RRRNY OO

NNNNNNNNNN

Ve
<
z
Y
LIOS
Nios

| 1N o

£} T8 7 4

T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
Chemical Shift (ppm)

Figure S104. *H NMR spectrum of 1-phenylpentan-3-one (212a) (CDCls, 700 MHz)
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Figure S105. *C NMR spectrum of 1-phenylpentan-3-one (212a) (CDCls, 175 MHz)
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Figure S107. *C NMR spectrum of 1-cyclohexylpentan-2-one (212b) (CDCls, 175

MHZz)
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Figure $108. *H NMR spectrum of 1-cyclopropylpentan-2-one (212c) (CDCls, 700
MHZz)
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Figure $S109. *C NMR spectrum of 1-cyclopropylpentan-2-one (212c) (CDCls, 175
MHZz)
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Figure $110. *H NMR spectrum of 1-(naphthalen-2-yl)pentan-2-one (212d) (CDCls,
400 MHz)
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Figure S111. *C NMR spectrum of 1-(naphthalen-2-yl)pentan-2-one (212d) (CDCls,
100 MHz)
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Figure S112. *H NMR spectrum of 1-(benzo[b]thiophen-3-yl)pentan-2-one (212€)
(CDCls, 700 MHz)
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Figure S113. *C NMR spectrum of 1-(benzo[b]thiophen-3-yl)pentan-2-one (212e)
(CDCls, 175 MHz)
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Figure S114. *H NMR spectrum of 1-(thiophen-2-yl)pentan-2-one (212f) (CDCls,
400 MHz)
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Figure S115. *C NMR spectrum of 1-(thiophen-2-yl)pentan-2-one (212f) (CDCls,
100 MHz)
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Figure S116. "H NMR spectrum of 1-(furan-2-yl)pentan-3-one (212g) (CDCls, 700
MHZz)
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Figure S117. *C NMR spectrum of 1-(furan-2-yl)pentan-3-one (212g) (CDCls, 175
MHZz)
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Figure S118. '"H NMR spectrum of tert-butyl 2-(2-oxopentyl)pyrrolidine-1-
carboxylate (212h) (CDCls, 700 MHz)
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Figure S119. *C NMR spectrum of tert-butyl 2-(2-oxopentyl)pyrrolidine-1-
carboxylate (212h) (CDCls, 175 MHz)
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Figure $120. *H NMR spectrum of 8-phenyloctan-4-one (212i) (CDCls, 700 MHz)
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Figure S121. *C NMR spectrum of 8-phenyloctan-4-one (212i) (CDCls, 175 MHz)
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Figure $122. *H NMR spectrum of 7-phenylheptan-3-one (212j) (CDCls, 700 MHz)
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Figure S123. *C NMR spectrum of 7-phenylheptan-3-one (212j) (CDCls, 175 MHz)
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Figure S124. 'H NMR spectrum of 1-phenylbutan-2-one (212k) (CDCls, 700 MHz)

FK384 (1H & 13C).18.fid
C13CPD gample FK384 (CDCI3) 180319
S

77.20 CDCI3
77.02 CDCI3
76.84 CDCI3

eR83 N o
g HR8% : g 2 R
] fa89 ¢ b R
I (I N
T T : T . T . T . T T T . T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

Figure S125. *C NMR spectrum of 1-phenylbutan-2-one (212k) (CDCls, 175 MHz)
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Figure $126. 'H NMR spectrum of 1,4-diphenylhexan-3-one (212) (CDCls, 700
MHZz)
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Figure S127. *C NMR spectrum of 1,4-diphenylhexan-3-one (212I) (CDCls, 175
MHZz)
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Figure $128. *H NMR spectrum of 1-methoxy-1,4-diphenylbutan-2-one (212m)
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Figure $130. *H NMR spectrum of 1-(1,3-benzdioxol-5-yl)pentan-2-one (212n)
(CDCls, 700 MHz)
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Figure S131. *C NMR spectrum of 1-(1,3-benzdioxol-5-yl)pentan-2-one (212n)
(CDCls, 175 MHz)
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Figure S132. *H NMR spectrum of 1-(p-tolyl)pentan-2-one (2120) (CDCls, 700 MHz)
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Figure $133. *C NMR spectrum of 1-(p-tolyl)pentan-2-one (2120) (CDCls, 175
MH2z)
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Figure S134. *"H NMR spectrum of 1-(4-chlorophenyl)pentan-2-one (212p) (CDCls,
700 MHz)
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Figure S135. *C NMR spectrum of 1-(4-chlorophenyl)pentan-2-one (212p) (CDCls,
175 MHz)
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Figure S136. *"H NMR spectrum of 1-(4-chlorophenyl)-4-phenylbutan-2-one (212q)

(CDCls, 700 MH2)
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Figure S137. *C NMR spectrum of 1-(4-chlorophenyl)-4-phenylbutan-2-one (212q)

(CDCls, 175 MHz)
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Figure $138. *H NMR spectrum of N-(3,4-dimethoxyphenethyl)-1-(3,4-dimethoxy-
phenyl)-4-(4-methoxy-phenyl)-butan-2-amine (215a) (CDCls;, 600 MHz)
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Figure $139. *C NMR spectrum of N-(3,4-dimethoxyphenethy!l)-1-(3,4-dimethoxy-
phenyl)-4-(4-methoxy-phenyl)-butan-2-amine (215a) (CDCls, 150 MHz)
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Figure $140. *H NMR spectrum of N-phenethyl-1,4-diphenyl-butan-2-amine (215b)
(CDCls, 600 MHz)
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Figure S141. *C NMR spectrum of N-phenethyl-1,4-diphenyl-butan-2-amine (215b)
(CDCls, 150 MHz)
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Figure S142. *H NMR spectrum of 1,4-diphenyl-N-propylbutan-2-amine (215c)
(CDCls, 600 MHz)
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Figure S143. *C NMR spectrum of 1,4-diphenyl-N-propylbutan-2-amine (215c)
(CDCls, 150 MHz)
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Figure S144. 'H NMR spectrum of N-phenethyl-1-phenylpentan-3-amine (215d)
(CDCls, 600 MHz)
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Figure S145. *C NMR spectrum of N-phenethyl-1-phenylpentan-3-amine (215d)
(CDCls, 150 MHz)
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Figure S146. "H NMR spectrum of N-phenethyl-1-phenylpentan-2-amine (215e)
(CDCls, 600 MHz)
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Figure S147. *C NMR spectrum of N-phenethyl-1-phenylpentan-2-amine (215€)
(CDCls, 150 MHz)
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Figure $148. 'H NMR spectrum of N-(2-(cyclohex-1-en-1-yl)ethyl)-1-phenylpentan-
2-amine (215f) (CDCls, 700 MHz)
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Figure S149. *C NMR spectrum of N-(2-(cyclohex-1-en-1-yl)ethyl)-1-phenylpentan-
2-amine (215f) (CDCls, 175 MHz)
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Figure $150. *H NMR spectrum of 1-cyclohexyl-N-phenethylpentan-2-amine (215g)
(CDCls, 400 MHz)
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Figure S151. *C NMR spectrum of 1-cyclohexyl-N-phenethylpentan-2-amine (215g)
(CDCls, 175 MHz)
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Figure S152. *H NMR spectrum of 1-cyclopropyl-N-phenethylpentan-2-amine (215h)

(CDCls, 400 MHz)
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Figure $156. "H NMR spectrum of 3-((1-phenylpentan-2-yl)amino)propanenitrile
(215j) (CDCls;, 600 MHz)
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Figure S157. *C NMR spectrum of 3-((1-phenylpentan-2-yl)amino)propanenitrile
(215j) (CDCls, 150 MHz)
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Figure S159. *C NMR spectrum of 2-(3,4-dimethoxyphenyl)-1-
(isopropylamino)ethane (215k) (CDCls, 150 MHz)
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Figure $S160. *H NMR spectrum of N-
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Figure S161. *C NMR spectrum of N-(2-(cyclohex-1-en-1-yl)ethyl)-1-
cyclohexylpentan-2-amine (215l1) (CDCls;, 100 MHz)
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Figure $162. *H NMR spectrum of 1-cyclohexyl-N-(2-cyclohexylethyl)pentan-2-
amine (215m) (CDCls, 400 MHz)
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Figure S163. *C NMR spectrum of 1-cyclohexyl-N-(2-cyclohexylethyl)pentan-2-
amine (215m) (CDCls, 100 MHz)
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Figure S164. '"H NMR spectrum of 1-cyclohexyl-N-(2-(piperidin-1-yl)ethyl)pentan-2-
amine (215n) (CDCls, 400 MHz)
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Figure S165. *C NMR spectrum of 1-cyclohexyl-N-(2-(piperidin-1-yl)ethyl)pentan-
2-amine (215n) (CDCls, 100 MHz)
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Figure $166. '"H NMR spectrum of 1-phenyl-N-(2-(piperidin-1-yl)ethyl)pentan-2-
amine (2150) (CDCls, 700 MHz)
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Figure S167. *C NMR spectrum of 1-phenyl-N-(2-(piperidin-1-yl)ethyl)pentan-2-
amine (2150) (CDCls, 175 MHz)
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Figure S168. *"H NMR spectrum of N-(2-morpholinoethyl)-1-phenylpentan-2-amine
(215p) (CDCls, 700 MHz)

PM7 (1H & 13C)/13C
C13CPp sample PM7 070118
3
a

o

g
/

77.23 CDCI3
77.05 CDCI3
76.87 CDCI3

— 13
—129.2
66.87
—59.77
— 57.56
—53.29

— 4348
— 40.90
—36.28
— 19.08

— 1431

va
N

T T T T T T T T T T T T T T T T T T
45 140 135 130 125 120 115 110 105 100 95 9 8 8 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
Chemical Shift (ppm)

Figure S169. *C NMR spectrum of N-(2-morpholinoethyl)-1-phenylpentan-2-amine
(215p) (CDCl3, 175 MHz)
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Figure $170. *H NMR spectrum of 1-phenyl-N-(2-(pyridine-2-yl)ethyl)pentan-2-
amine (215q) (CDCls, 700 MHz)
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Figure S171. *C NMR spectrum of 1-phenyl-N-(2-(pyridine-2-yl)ethyl)pentan-2-
amine (215q) (CDCls, 175 MHz)
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Figure S172. *H NMR spectrum of N-(2-(1H-imidazol-4-yl)ethyl)-1-phenylpentan-2-
amine (215r) (CDCls, 400 MHz)
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Figure S173. *C NMR spectrum of N-(2-(1H-imidazol-4-yl)ethyl)-1-phenylpentan-
2-amine (215r) (CDCls, 100 MHz)
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Figure S174. *H NMR spectrum of 1-(naphthalen-2-yl)-N-phenethylpentan-2-amine

(215s) (CDCls, 600 MHz)
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Figure S175. *C NMR spectrum of 1-(naphthalen-2-yl)-N-phenethylpentan-2-amine

(215s) (CDCls, 150 MHz)
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Figure $176. *H NMR spectrum of N-(2-(1H-indol-3-yl)ethyl)-1-phenylpentan-2-
amine (215t) (CDCls, 700 MHz)
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Figure S177. *C NMR spectrum of N-(2-(1H-indol-3-yl)ethyl)-1-phenylpentan-2-
amine (215t) (CDCls, 175 MHz)
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Figure S178. *H NMR spectrum of 1-(benzo[b]thiophen-3-yl)-N-phenethylpentan-2-
amine (215u) (CDCls, 400 MHz)
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Figure S179. *C NMR spectrum of 1-(benzo[b]thiophen-3-yl)-N-phenethylpentan-2-
amine (215u) (CDCls, 100 MHz)
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Figure $180. *H NMR spectrum of N-phenethyl-1-(thiophen-2-yl)pentan-2-amine
(215v) (CDCl3, 400 MHz)
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Figure S181. *C NMR spectrum of N-phenethyl-1-(thiophen-2-yl)pentan-2-amine
(215v) (CDCl3, 100 MHz)
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Figure S182. 'H NMR spectrum of 1-(furan-2-yl)-N-phenethylpentan-3-amine (215w)

(CDCls, 400 MHz)
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Figure S183. *C NMR spectrum of 1-(furan-2-yl)-N-phenethylpentan-3-amine
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Figure S184. *"H NMR spectrum of N-(2-cyclohexylethyl)-1-(furan-2-yl)pentan-3-
amine (215x) (CDCl3, 400 MHz)
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Figure $185. *C NMR spectrum of N-(2-cyclohexylethyl)-1-(furan-2-yl)pentan-3-
amine (215x) (CDCls, 100 MHz)
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Figure $186. "H NMR spectrum of 1-(furan-2-yl)-N-(2-(piperidin-1-yl)ethyl)pentan-
3-amine (215y) (CDCls, 400 MHz)
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Figure S187. *C NMR spectrum of 1-(furan-2-yl)-N-(2-(piperidin-1-yl)ethyl)pentan-
3-amine (215y) (CDCls, 100 MHz)
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Figure $188. *H NMR spectrum of (25)-tert-butyl 2-(2-
(phenethylamino)pentyl)pyrrolidine-1-carboxylate (215z) (CDCls, 700 MHz)
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Figure $189. *C NMR spectrum of (2S)-tert-butyl 2-(2-
(phenethylamino)pentyl)pyrrolidine-1-carboxylate (215z) (CDCls, 175 MHz)
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Figure $190. "H NMR spectrum of 1-phenyl-N-(4-phenylbutyl)pentan-2-amine
(215za) (CDCls, 700 MHz)
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Figure S191. *C NMR spectrum of 1-phenyl-N-(4-phenylbutyl)pentan-2-amine
(215za) (CDCls, 175 MHz)
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Figure $192. *H NMR spectrum of N-phenethyl-8-phenyloctan-4-amine (215zb)
(CDCls, 400 MHz)
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Figure $193. *C NMR spectrum of N-phenethyl-8-phenyloctan-4-amine (215zb)
(CDCls, 175 MHz)
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Figure S194. *H NMR spectrum of N-phenethyl-7-phenylheptan-3-amine (215zc)
(CDCls, 400 MHz)
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Figure $S195. *C NMR spectrum of N-phenethyl-7-phenylheptan-3-amine (215zc)
(CDCls, 175 MHz)
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Figure S196. *H NMR spectrum of N-(3,4-dimethoxyphenethyl)-1,3-diphenylpropan-
2-amine (215zd) (CDCls;, 600 MHz)
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Figure $197. *C NMR spectrum of N-(3,4-dimethoxyphenethyl)-1,3-
diphenylpropan-2-amine (215zd) (CDCls, 150 MHz)
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Figure $198. *H NMR spectrum of N-phenethyl-1-phenylbutan-2-amine (215ze)
(CDCls, 400 MHz)
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Figure $199. *C NMR spectrum of N-phenethyl-1-phenylbutan-2-amine (215ze)
(CDCls, 175 MHz)
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Figure $S200. *H NMR spectrum of N-(3,4-dimethoxyphenethyl)-1-(3,4-dimethoxy-
phenyl)-propan-2-amine (215zf) (CDCls;, 700 MHz)
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Figure S201. *C NMR spectrum of N-(3,4-dimethoxyphenethy!l)-1-(3,4-dimethoxy-
phenyl)-propan-2-amine (215zf) (CDCls, 175 MHz)
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Figure $202. *H NMR spectrum of N-(2,2-diphenylethyl)-1-phenylpentan-2-amine
(215zg) (CDCl3, 700 MHz)
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Figure $S203. *C NMR spectrum of N-(2,2-diphenylethyl)-1-phenylpentan-2-amine
(215zg) (CDCls, 175 MHz)
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Figure S204. *"H NMR spectrum of N-phenethyl-1,4-diphenylhexan-3-amine (215zh)
(CDCls, 700 MHz)
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Figure S205. *C NMR spectrum of N-phenethyl-1,4-diphenylhexan-3-amine (215zh)
(CDCls, 175 MHz)
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Figure S206. '"H NMR spectrum of 1-methoxy-N-phenethyl-1,4-diphenylbutan-2-
amine (215zi) (CDCls, 400 MHz)
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Figure S207. *C NMR spectrum of 1-methoxy-N-phenethyl-1,4-diphenylbutan-2-
amine (215zi) (CDCls, 100 MHz)
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Figure $208. *H NMR spectrum of N-(4-methoxyphenethyl)-1-phenylpentan-2-amine
(215zj) (CDCl3, 400 MHz)
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Figure $209. *C NMR spectrum of N-(4-methoxyphenethyl)-1-phenylpentan-2-
amine (215zj) (CDCls, 100 MHz)

394



FK165 (1H & 13C)/1H

2 sample FK165 281217
B NI T ¢ MMM B R BN NN MM N NN 8O0 T MM AN OO0 R OR N O NN Y TN N R R R AN NN N NN NN NN T MMANAN ST 2B
ANNANNNNANNT IS 4TS 000 HNNNAARRRARRRRRRNRRANRRRRCOOOBOCCONLHNNTTTMNMMMANNMMMNNMNMNH DD G
NRRR RN R RN IR R RN RRRRRRNR 36688 e miaRARNNNNNNNNNNNNNNANN AR AN NN NN d a3 3033333 333
AN > NN i NARNRNNNENENRNRN BN P BBk ARARARARArdr
< et = e
I
! |
! I
|
I
!
i il
I | SR
ST S35 4 Sirada 1'g P
bRl Qe - N a5 n
Jepepy 333 M SEE3 3 B
T T T T T T T T T T T T T T T T T
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

Chemical Shift (ppm)

Figure $S210. *H NMR spectrum of 1-(benzo[d][1,3]dioxol-5-yI)-N-phenethylpentan-
2-amine (215zk) (CDCls, 700 MHz)
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Figure S211. *C NMR spectrum of 1-(benzo[d][1,3]dioxol-5-yl)-N-phenethylpentan-
2-amine (215zk) (CDCls, 175 MHz)
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Figure $212. *H NMR spectrum of N-phenethyl-1-(p-tolyl)pentan-2-amine (215zI)
(CDCls, 700 MHz)
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Figure $S213. *C NMR spectrum of N-phenethyl-1-(p-tolyl)pentan-2-amine (215zI)
(CDCls, 175 MHz)
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Figure S214. "H NMR spectrum of 4-(2-((1-phenylpentan-2-yl)amino)ethyl)phenol
(215zm) (CDCls;, 400 MHz)

FK315 13C
single pulse decoupled gated NOE

77.35 CHLOROFORM-D
77.03 CHLOROFORM-D
76.70 CHLOROFORM-D

B 2 2
~ @ gu-=und ~
2 4  Sgass 3
8 g 23388 3

59.21

48.01
—40.15
_-35.49
3463
—19.12
—14.19

L
X
A\
VA
\

T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

Figure $S215. *C NMR spectrum of 4-(2-((1-phenylpentan-2-yl)amino)ethyl)phenol
(215zm) (CDCl3, 100 MHz)
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Figure $216. "H NMR spectrum of N-(4-fluorophenethyl)-1-phenylpentan-2-amine
(215zn) (CDCls;, 700 MHz)
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Figure $S217. *C NMR spectrum of N-(4-fluorophenethyl)-1-phenylpentan-2-amine
(215zn) (CDCls, 175 MHz)
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Figure $218. *H NMR spectrum of N-(4-fluorophenethyl)-1-(p-tolyl)pentan-2-amine
(215z0) (CDCl3, 400 MHz)
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Figure $219. *C NMR spectrum of N-(4-fluorophenethyl)-1-(p-tolyl)pentan-2-amine
(215z0) (CDCl3, 100 MHz)
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Figure $220. *H NMR spectrum of 1-(4-chlorophenyl)-N-phenethylpentan-2-amine
(215zp) (CDCls;, 400 MHz)
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Figure $S221. *C NMR spectrum of 1-(4-chlorophenyl)-N-phenethylpentan-2-amine
(215zp) (CDCls3, 100 MHz)
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Figure $222. *H NMR spectrum of 1-(4-chlorophenyl)-N-(4-fluorophenethyl)pentan-
2-amine (215zq) (CDCls, 400 MHz)
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Figure $223. *C NMR spectrum of 1-(4-chlorophenyl)-N-(4-fluorophenethyl)pentan-
2-amine (215zq) (CDCls, 100 MHz)
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Figure $224. 'H NMR spectrum of 1-(4-chlorophenyl)-N-(4-fluorophenethyl)-4-
phenylbutan-2-amine (215zr) (CDCls, 400 MHz)
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Figure $225. *C NMR spectrum of 1-(4-chlorophenyl)-N-(4-fluorophenethyl)-4-
phenylbutan-2-amine (215zr) (CDCl3;, 100 MHz)
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Figure $226. '"H NMR spectrum of N-(1-phenylpentan-2-yl)cyclopentanamine (216a)
(CDCls, 400 MHz)
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Figure $227. *C NMR spectrum of N-(1-phenylpentan-2-yl)cyclopentanamine (216a)
(CDCls, 100 MHz)
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Figure $228. '"H NMR spectrum of N-(1-phenylpentan-2-yl)cyclopropanamine (216b)
(CDCls, 400 MHz)
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Figure $229. **C NMR spectrum of N-(1-phenylpentan-2-yl)cyclopropanamine (216b)
(CDCls, 100 MHz)
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Figure $230. *H NMR spectrum of N-(1-phenylpentan-2-yl)bicyclo[2.2.1]heptan-2-
amine (216c¢) (CDCls, 400 MHz)
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Figure S231. *C NMR spectrum of N-(1-phenylpentan-2-yl)bicyclo[2.2.1]heptan-2-
amine (216c¢) (CDCls, 100 MHz)
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Figure $232. 'H NMR spectrum of N-(1-phenylpentan-2-yl)-2,3-dihydro-1H-inden-2-
amine (216d) (CDCls, 400 MHz)
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Figure $233. *C NMR spectrum of N-(1-phenylpentan-2-yl)-2,3-dihydro-1H-inden-
2-amine (216d) (CDCls, 100 MHz)
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Figure S234. *H NMR spectrum of N-phenethyl-2,3-dihydro-1H-inden-2-amine
(217a) (CDCls, 400 MHz)

FK310 13C
single pulse decoupled gated NOE

ooooo
mmmmm

77.35 CHLOROFORM-D
77.03 CHLOROFORM-D

59.54

8883

"\ 76.71 CHLOROFORM-D

— 141.63
—139.94
8.
8.
6.
6.
4,
49.57
—39.94
— 36.51

va
<
AN
A

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
145 140 135 130 125 120 115 110 105 100 95 9 8 8 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
Chemical Shift (ppm)

Figure $235. *C NMR spectrum of N-phenethyl-2,3-dihydro-1H-inden-2-amine
(217a) (CDCl3, 100 MHz)
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Figure $236. '"H NMR spectrum of N-phenethyl-1,2,3,4-tetrahydronaphthalen-2-
amine (217b) (CDCls, 700 MHz)
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Figure $S237. *C NMR spectrum of N-phenethyl-1,2,3,4-tetrahydronaphthalen-2-
amine (217b) (CDCls, 175 MHz)
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Figure S238. HSQC spectrum of N-phenethyl-1,2,3,4-tetrahydronaphthalen-2-amine

(217b) (CDCls, 700 MHz)
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Figure S239. COSY spectrum of N-phenethyl-1,2,3,4-tetrahydronaphthalen-2-amine

(217b) (CDCls, 700 MHz)

20

30

k40

50

60

70

80

90

100

110

120

130

140

0.0

0.5

2.0

r2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

1 (ppm)

409



Iy [

FK244 (Full set)/HMBC
= HMBC sample FK244 (CDCI3) 240119 0 ro
r10
20
ﬁ 0 e 8 e k30
— 90 o B §
40
] @ e +50
J— V@ 8 ]
60
[
70 =
80 -
90
100
110
120
ﬁ @&g o F130
] e @ @
Qe G 140
75 7o 65 6o 85 5o 45 40 35 30 35 30 15 1o 05 oo
Chemical Shift (ppm)
Figure S240. HMBC spectrum of N-phenethyl-1,2,3,4-tetrahydronaphthalen-2-amine

(217b) (CDCls, 700 MHz)
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Figure S241. *H NMR spectrum of N-(2,3-dihydro-1H-inden-2-yl)-1,2,3,4-
tetrahydronaphthalen-2-amine (218) (CDCls, 400 MHz)
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Figure $S242. *C NMR spectrum of N-(2,3-dihydro-1H-inden-2-yl)-1,2,3,4-
tetrahydronaphthalen-2-amine (218) (CDCl3;, 100 MHz)
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Figure $243. *H NMR spectrum of 4-(2-((3,4-dihydroxyphenethyl)amino)-4-(4-
hydroxyphenyl)butyl)benzene-1,2-diol (219) (CDs;OD, 400 MHz)
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Figure S244. 'H NMR spectrum of 1,4-diphenylbutan-2-ol (221) (CDCls, 700 MHz)
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Figure S245. *C NMR spectrum of 1,4-diphenylbutan-2-ol (221) (CDCls, 175 MHz)
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Figure S246. '"H NMR spectrum of 1,4-diphenylbutan-2-yl 4-methylbenzenesulfonate
(224) (CDCl3, 400 MHz)
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Figure S247. *C NMR spectrum of 1,4-diphenylbutan-2-yl 4-
methylbenzenesulfonate (224) (CDCls, 100 MHz)
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Figure $248. "H NMR spectrum of N-(1,4-diphenylbutan-2-yl)-N-
phenethylacetamide (230a) (CDCls, 700 MHz)
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Figure $249. *C NMR spectrum of N-(1,4-diphenylbutan-2-yl)-N-
phenethylacetamide (230a) (CDCls, 175 MHz)

415



FK387 (1H & 13F).31.fid °
2

29 sample FK387 (CDCI3) 230319 T

N O @R e ORI N RN N O Q@Y O RN YOO e NN AN YT 00N P00l N0l e N R RRORRNN ST h gD

MMM NNN VANANNNNNAAAA A4 H00MMMMNMA-H0000ERIRRRNRNOVOOYOLOYOONNNOOAVVYLEMANIOSCQA®EBRRNNNNNMNMNLWYLYLY OO

RRRRRRRYRRRRRRRRRRRRRNRRRIRRS N dmmmm NANNNNANNNNANNNNANNN NN NN S A ad SSSd3568836588334538

[ e — hehahahahahs e e

it i I SN

s //// VY APy

[

i ToroT e U e I
? 0w om o 2 o n N N @n
o g2 8 e 8 2 & RS2
b s Z s < 2 3 [ I
T T T T T T T T T T T T T T T T T
1.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

; Cheﬁical Shift (ppm)
Figure $250. *H NMR spectrum of N-(1,4-diphenylbutan-2-yl)-N-
phenethylcyclopropanecarboxamide (230b) (CDCls, 700 MHz)
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Figure S251. *C NMR spectrum of N-(1,4-diphenylbutan-2-yl)-N-
phenethylcyclopropanecarboxamide (230b) (CDCls, 175 MHz)
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Figure $252. *"H NMR spectrum of N-(1,4-diphenylbutan-2-yl)-N-phenethyl-2-
phenylacetamide (230c) (CDCls, 700 MHz)
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Figure $253. *C NMR spectrum of N-(1,4-diphenylbutan-2-yl)-N-phenethyl-2-
phenylacetamide (230c) (CDCls, 175 MHz)
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Figure $254. *H NMR spectrum of N-ethyl-N-phenethyl-1,4-diphenylbutan-2-amine
(231a) (CDCl3, 600 MHz)
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Figure $255. *C NMR spectrum of N-ethyl-N-phenethyl-1,4-diphenylbutan-2-amine
(231a) (CDCl3, 150 MHz)
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Figure $256. "H NMR spectrum of N-(cyclopropylmethyl)-N-phenethyl-1,4-
diphenylbutan-2-amine (231b) (CDCls;, 700 MHz)
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Figure $S257. *C NMR spectrum of N-(cyclopropylmethyl)-N-phenethyl-1,4-
diphenylbutan-2-amine (231b) (CDCls, 175 MHz)
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Figure $258. *H NMR spectrum of N,N-diphenethyl-1,4-diphenylbutan-2-amine
(231c) (CDCls, 700 MHz)
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Figure $259. *C NMR spectrum of N,N-diphenethyl-1,4-diphenylbutan-2-amine
(231c) (CDCls, 175 MHz)
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Figure $260. *H NMR spectrum of N,N-dimethyl-N-phenethyl-1,4-diphenylbutan-2-
aminium iodide (232) (CDCls, 400 MHz)
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Figure S261. *C NMR spectrum of N,N-dimethyl-N-phenethyl-1,4-diphenylbutan-2-
aminium iodide (232) (CDCls, 175 MHz)
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Figure S262. 'HNMR spectrum of N,N-dimethyl-N-phenethyl-1,2,3,4-
tetrahydronaphthalen-2-aminium iodide (233) (CDCls, 400 MHz)
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Figure $263. *C NMR spectrum of N,N-dimethyl-N-phenethyl-1,2,3,4-
tetrahydronaphthalen-2-aminium iodide (233) (CDCls, 100 MHZz)
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Figure S264. "H NMR spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-2-
amine (diastereomer 1 of 239) (CDCl;, 600 MHz)
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Figure $265. *C NMR spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-2-
amine (diastereomer 1 of 239) (CDCls, 150 MHz)
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Figure S266. HSQC spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-2-amine
(diastereomer 1 of 239) (CDCls, 600 MHz)
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Figure S267. COSY spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-2-amine
(diastereomer 1 of 239) (CDCls, 600 MHz)
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Figure S268. HMBC spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-2-amine

(diastereomer 1 of 239) (CDCls, 600 MHz)
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Figure S269. NOESY spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-2-
amine (diastereomer 1 of 239) (CDCl;, 600 MHZz)
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Figure S270. COSY and HMBC correlations of N-phenethyl-1-((S)-pyrrolidin-2-
yl)pentan-2-amine (diastereomer 1 of 239)
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Figure S271. *H NMR spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-2-
amine (diastereomer 2 of 239) (CDCls, 400 MHz)
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Figure $S272. *C NMR spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-2-
amine (diastereomer 2 of 239) (CDCls, 100 MHz)
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Figure S273. HSQC spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-2-amine
(diastereomer 2 of 239) (CDCls, 400 MHz)
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Figure S274. COSY spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-2-amine
(diastereomer 2 of 239) (CDCls, 400 MHz)
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Figure S275. HMBC spectrum of N-phenethyl-1-((S)-pyrrolidin-2-yl)pentan-2-amine
(diastereomer 2 of 239) (CDCls, 400 MHz)

Figure S276. COSY and HMBC correlations of N-phenethyl-1-((S)-pyrrolidin-2-
yl)pentan-2-amine (diastereomer 2 of 239)
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Animal Welfare and Ethical Review Body

Cover Form applicable to the use of animals in non-regulated procedures

Title of Study: Investigation on the effect of natural product extracts and
compounds on the isolated rat smooth muscles

Name of Applicant: Kang Nee TING

School: Life Sciences (Malaysia Campus)

AWERB REF: UNMC12

Requests to use animals in non-regulated procedures must incorporate the information
required below in the format requested for project licence applicants. The completed form
should be returned electronically to the bsu@nottingham.ac.uk. When approved a protocol
reference number will be provided to the applicant and must be used when ordering animals
for use in the non-regulated study.

Its purpose is to highlight the key points in the proposed programme of work and
to provide an executive summary in non-technical language accessible to the lay
members of the Animal Welfare and Ethical Review Body.

Your application must be accompanied by this summary written in non-technical terms. You
should complete this summary template. We expect that, for all but the most complex of
studies, you will be able to provide a satisfactory summary using 500 to 1,000 words.

Study Title (max. 50 In-vitro organ bath experiments investigating effects

characters) of natural product extracts and isolated compounds
on rat smooth muscles.

Key Words (max. 5 words) Isolated tissues; aorta; bladder; airway

Expected duration of the study |4 years (this is formed part of PhD projects, BSc

(yrs) Biomedical Sciences, MPharm year 4 research

projects and a grant application to be submitted to
the Malaysia government)

Purpose of the study Basic research Yes
Translational and applied research No
Regulatory use and routine No
production
Protection of the natural No

environment in the interests of the
health or welfare of humans or

animals

Preservation of species No
Higher education or training Yes
Forensic enquiries No
Maintenance of colonies of No

genetically altered animals™
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Describe the objectives of the
study (e.g. the scientific
unknowns or scientific/clinical
needs being addressed)

This application is divided into two main objectives:

1. MPharm year 3 and BSc Biomedical
Sciences research projects: To enable
students to further understand the
pharmacology of smooth muscles including
understanding the process of research in
natural product drug discovery.

2. PhD projects: This forms part of the research
skills training. In vitro organ bath technique
will be one of the methodology to be
included in the thesis. There are currently 3
students under my supervision using this
technique of experiments

What are the potential benefits
likely to derive from this study
(how science could be
advanced or humans or
animals could benefit from the
project)?

1. Students will gain a better understanding of
the pharmacology of the smooth muscles in
different vascular beds where technical skills
will be gained as part of their training in
undergraduate or postgraduate level.

2. These experiments will provide new
information on the effect of active extracts
and compounds isolated from the natural
flora on isolated smooth muscles from the
airways, bladder and aorta. We are moving
to test new compounds synthesize based on
the skeletal structure of novel compounds
isolated from local plant species.

3. In Malaysia, the skills on isolated organ bath
are limited and this forms part of an
important technique for drug discovery.

What species and
approximate numbers of
animals do you expect to use
over what period of time?

Adult rats will be utilised for these experiments.
With the current set up, it is estimated about 3 to 4
animals will be used weekly.

What procedures will be
conducted?

All animals will be sacrificed by an experienced
animal technician according to the methods
described in Schedule 1 of the UK Animals
(Scientific Procedures) Act 1986.

In the context of what you
propose to do to the animals,
what are the expected adverse
effects and the likely/expected
level of severity? What will
happen to the animals at the
end?

No treatments will be carried out on living animals.
After humane Killing, the tissues will be removed for
isolated organ bath experiments.
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Application of the 3Rs

1. Replacement

State why you need to use
animals and why you cannot
use non-animal alternatives

The study of some of the pharmacology can only be
meaningful when carried out in complex integrated
tissues from animals. We have tried carrying out
some experiments on primary smooth muscle cell
lines and to date this has not been successful. Cell
lines only provide limited information on the effects
of the compounds and extracts that we have been
working with. Answering a direct question, for
example whether a compound would dilate the
airway is only possible from investigations on the
isolated smooth muscle rings.

2. Reduction

Explain how you will assure
the use of minimum numbers
of animals

The maximum number of different organs from
each animal will be utilised. For example, the aorta,
bladder and airways (bronchus and trachea) will be
used from each rat.

3. Refinement

Explain the choice of species
and why the animal model(s)
you will use are the most
refined, having regard to the
objectives. Explain the general
measures you will take to
minimise welfare costs
(harms) to the animals.

At present no other sources of animal tissues are
available but, for future planning, sourcing animal
tissues from sheep obtained from local slaughter
houses will be considered to minimise the use of
rats in these experiments.

4. Housing and Care

Please confirm that animals
will be housed and cared for
according to the requirements
of the UK Animals (Scientific
Procedures) Act 1986 draft
Code of Practice for the care
and accommodation of
animals (February 2013) or
provide details and justification
for alternative housing and
care standards.

Animals will be purchased from the animal facilities
in University Putra Malaysia (UPM) and University
Kebangsaan Malaysia (UKM) Both of these animal
facilities are governed by their own institutional
animal care and use committee (IACUC). They
adhere to the Malaysian code of practice for the
care and use of animals for scientific purposes
which are consistent with the UK Home Office
regulations. Information on the facility can be found
here http://www.vet.upm.edu.my/eiacuc.html (UPM)

http://www.kkl.ukm.my:8080/laru/wp-
content/uploads/2013/03/UKMAEC-GUIDELINE-
2007.pdf (UKM)
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5. Humane Killing Animals will be killed by concussion of the brain
Please confirm that animals and/or exposure to carbon dioxide gas. Death is

will be humanely killed using confirmed by dislocation of the neck.
an appropriate method of
humane killing detailed in
Schedule 1 of the UK Animals
(Scientific Procedures) Act
1986 or provide details and
justification for alternative
methods of killing.

For Office Use Only
Will the study be subject to | Yes | No [Date due:
Retrospective Assessment?

Committee use only

Comments by NACWO:

The proposed project appears appropriate with no welfare issues providing animals are
humanely killed by trained and competent staff.

Neil Yates

05.09.13

Amendment 07/12/16

The request to source animals from an additional University is reasonable and confirmation
has been received that both animal providers adhere to the Malaysian Code of Practice.
However additional information on actual standards of animal care has been requested as
the standards in place are not clear from the web links provided.

Neil Yates

07/12/16

Confirmation received - OK to proceed.

NY 13/03/17

Comments by NVS:

This would appear to be satisfactory, although an approximation for the total number of

rats to be used per year or over the lifetime of the project should be given. Users should be
trained to a level of competency that will ensure humane euthanasia is achieved at all times.

Ewan McNeill 05-09-13

I am happy with the information provided.
E. McNeil 13/3/17

We have contacted the animal house at UPM. The technician confirms that the rats are
kept between 18 and 20 C. Reply from Kang Nee Ting 15/2/17
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Dear Annemarie
Please find attached the requested information on benefits accrued from this work.

From our record we have used 318 rats between September 2014 until now. Many thanks.

Best wishes

Kang Nee

Update on research output following the approval of

UNMC2kn Publication list

PhD thesis of Bi Juin Loong 2016: Development of a functional bioassay to study

the mechanism of action of a novel phenylethylamine alkaloid, schwarzinicine

BJ Loong, KH Lim, Y Mbaki and KN Ting: Calcium mobilisation and relaxant properties of a
novel phenyethylamine alkaloid, schwarzinicine A (In preparation)

Mei-Kee Lee, Kuan-Hon Lim, Chon-Seng Tan, Szu-Ting Ng, Sue-Mian Then, Suresh

Kumar Mohankumar, Kang-Nee Ting: Bronchodilator effects of Lignosus rhinocerotis

extract on rat isolated airways is linked to the blockage of calcium entry (Submitted to

Journal of Phytomedicine).

Jun-Lee Lim, Kae-Shin Sim, Kien-Thai Yong, Bi-Juin Loong, Kang-Nee Ting, Siew-Huah Lim,
Yun-Yee Low, Toh-Seok Kam: Biologically active vallesamine, strychnan, and rhazinilam
alkaloids from Alstonia: Pneumatophorine, a nor-secovallesamine with unusual incorporation of
a 3-ethylpyridine moiety. Phytochemistry 09/2015; 117.

Suet-Pick Wong, Chew-Yan Gan, Kuan-Hon Lim, Kang-Nee Ting, Yun-Yee Low, Toh-Seok
Kam: Arboridinine, a Pentacyclic Indole Alkaloid with a New Cage Carbon—Nitrogen Skeleton
Derived from a Pericine Precursor. Organic Letters 07/2015; 17(14):3628-3631.

B J Loong, J H Tan, KH Lim, Y Mbaki, K N Ting: Contractile function of smooth muscle
retained after overnight storage. Naunyn-Schmiedeberg’s Archives of Pharmacology 06/2015;
388(10):1061-1067.

Veronica Alicia Yap, Bi-Juin Loong, Kang-Nee Ting, Sandy Hwei-San Loh, Kien-Thai Yong, Yun-
Yee Low, Toh-Seok Kam, Kuan-Hon Lim: Hispidacine, an unusual 8,4'-oxyneolignan-alkaloid
with vasorelaxant activity, and hispiloscine, an antiproliferative phenanthroindolizidine alkaloid,
from Ficus hispida Linn. Phytochemistry 01/2015; 109:96-102.

Choy-Eng Nge, Chew-Yan Gan, Kuan-Hon Lim, Kang-Nee Ting, Yun-Yee Low, Toh-Seok
Kam: ChemiInform Abstract: Criofolinine and Vernavosine, New Pentacyclic Indole

Alkaloids Incorporating Pyrroloazepine and Pyridopyrimidine Moieties Derived from a
Common Yohimbine Precursor. Organic Letters 12/2014; 46(21).

Students trained

Bi Juin Loong F;QD graduated 2016

Mei Kee Lee, 3 ~ year ﬁ D

Kayatri Govindasrtaju, 2 year PhD

Fong Kai Lee, 1™ year PhD

Undergraduates (final year projects for MPharm and BSc Biomedical Sciences &
summer placements) > 10

Justification for extension of the work

At present, we have 3 active PhD students (see the list above) using the post mortem tissues for
their organ bath experiments. We have also completed a grant from the Ministry of Higher
Education entitled “Mechanism of action of Lignosus rhinocerus (Tiger Milk Mushroom) on
airway smooth muscle contractility and mast cells degranulation”. We are currently preparing
two proposals to be submitted to Newton Senior Fellowship and Wellcome Fellowship for the
extension of the Tiger Milk Mushroom work. In addition, we have just submitted two grant
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applications to the Ministry of Higher Education to study a series of novel compounds

with vasorelaxation effects.

These are our justification for requesting extension of the ethics application for another 4 years
from Sept 2017 to August 2021.

Comments by primary reader for the Committee (if applicable):

Comments by Lay Person (If applicable):

Committee decision: Approved

Communicated to applicant (date): 13/3/17

435



The University of

Nottingham

)y

Animal Welfare and Ethical Review Body
Cover Form applicable to the use of animals in nhon-regulated procedures

Title of Study: Investigation on Schwarzinicine A (Sch A), a novel
pheylethylamine alkaloid, and its derivatives on their
effects in isolated tissues obtained from spontaneous
hypertensive rats (SHR)

Name of Applicant: Kang Nee TING

School: Life Sciences (Malaysia Campus)

AWERB REF: UNMC18

Requests to use animals in non-regulated procedures must incorporate the information
required below in the format requested for project licence applicants. The completed form
should be returned electronically to the bsu@nottingham.ac.uk. When approved a protocol
reference number will be provided to the applicant and must be used when ordering animals
for use in the non-regulated study.

Its purpose is to highlight the key points in the proposed programme of work and
to provide an executive summary in non-technical language accessible to the lay
members of the Animal Welfare and Ethical Review Body.

Your application must be accompanied by this summary written in non-technical terms. You
should complete this summary template. We expect that, for all but the most complex of
studies, you will be able to provide a satisfactory summary using 500 to 1,000 words.

Study Title (max. 50 Investigation on Schwarzinicine A (Sch A), a novel
characters) pheylethylamine alkaloid, and its derivatives on
their effects in isolated tissues obtained from
spontaneous hypertensive rats (SHR)

Key Words (max. 5 words) Isolated tissues; aorta; bladder; airway
Expected duration of the study | 3 years (this forms part of three/four PhD projects
(yrs) and three research proposals awarded in 2017 by
the Ministry of Higher Education and Toray
Foundation)
Purpose of the study Basic research Yes
Translational and applied research No
Regulatory use and routine No
production
Protection of the natural No

environment in the interests of the
health or welfare of humans or

animals

Preservation of species No
Higher education or training Yes
Forensic enquiries No
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Maintenance of colonies of No

genetically altered animals™

Describe the objectives of the
study (e.g. the scientific
unknowns or scientific/clinical
needs being addressed)

The objectives of the study are:

1. To compare the effectiveness and the
potency of a series of newly synthesised
compounds based on the phamacophore of
Sch A in the isolated aorta of SHRs. We
have some data from previous work to show
that these compounds are more efficacious
in SHR when compared to normotensive rats
(see Appendix 1).

2. To further understand the mechanism of
action of Sch A (and derivatives) in SHR. We
have data to support the role of calcium
entry and and interference of Gg-coupled
activation of receptor are affected by Sch A
(see Appendix 2).

3. To study the selectivity of Sch A (and
derivatives) on other smooth muscle tissues
such as bladder and trachea.

All the experiments will be carried out in
organ bath experiments set up.

What are the potential benefits
likely to derive from this study
(how science could be
advanced or humans or
animals could benefit from the
project)?

1. Students will gain a better understanding of
the pharmacology of the smooth muscles in
different rat species where technical skills
will be gained as part of their PhD training.

2. These experiments will provide new
information on the effect of these active
compounds on isolated smooth muscles
from the airways, bladder and aorta in SHR.

3. In Malaysia, the skills on isolated organ bath
are limited and this forms part of an
important technique for drug discovery.

4. We are able to understand the mechanism of
action of Sch A (and derivatives) potentially
file a patent of their applications for
treatment of hypertension. We have some
data to support the action via TRPC
channels. This would be a novel target for
treatment of hypertension.

What species and
approximate numbers of

Adult rats will be utilised for these experiments.
With the current set up, it is estimated about 4
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animals do you expect to use
over what period of time?

animals will be used for a period of 5 to 6 weeks in
a year.

An estimate of not more than 80 SHRs to be used
for the next 3 years.

What procedures will be
conducted?

All animals will be sacrificed by an experienced
animal technician according to the methods
described in Schedule 1 of the UK Animals
(Scientific Procedures) Act 1986.

In the context of what you
propose to do to the animals,
what are the expected adverse
effects and the likely/expected
level of severity? What will
happen to the animals at the
end?

No treatments will be carried out on living animals.
After humane killing at the University of Monash
(Malaysia campus) animal facility, the tissues will
be removed for isolated organ bath experiments.

Application of the 3Rs

1. Replacement

State why you need to use
animals and why you cannot
use non-animal alternatives

The study of some of the pharmacology can only be
meaningful when carried out in complex integrated
tissues from animals. We have tried carrying out
some experiments on primary smooth muscle cell
lines and to date this has not been successful. Cell
lines only provide limited information on the effects
of the compounds and extracts that we have been
working with. Answering a direct question, for
example whether a compound would dilate the
airway is only possible from investigations on the
isolated smooth muscle rings. We have a series of
data on the functional responses in normotensive
rats and we would like to investigate if the SHRs
will be more sensitive to our compounds with
smooth muscle relaxant activities.

2. Reduction

Explain how you will assure
the use of minimum numbers
of animals

The maximum number of different organs from
each animal will be utilised. For example, the aorta
airways (bronchus and trachea) will be used from
each rat for two different projects. The extra tissues
will be frozen for staining and protein expression
work subsequently.

3. Refinement

Explain the choice of species
and why the animal model(s)
you will use are the most
refined, having regard to the
objectives. Explain the general
measures you will take to

At present no other sources of animal tissues are
available but, for future planning, sourcing animal
tissues from sheep obtained from local slaughter
houses will be considered to minimise the use of
rats in these experiments.
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minimise welfare costs
(harms) to the animals.

4. Housing and Care

Please confirm that animals
will be housed and cared for
according to the requirements
of the UK Animals (Scientific
Procedures) Act 1986 draft
Code of Practice for the care
and accommodation of
animals (February 2013) or
provide details and justification
for alternative housing and
care standards.

Animals will be purchased from the animal facilities
in a local university (University of Monash Malaysia)
This animal facility is governed by its own
institutional animal care and use committee
(IACUC). They adhere to the guidelines prepared
by the Expert Working Group of the Animal Welfare
Committee of the National Health and Medical
Research Council, Australia (see attached
guidelines).

5. Humane Killing

Please confirm that animals
will be humanely killed using
an appropriate method of
humane killing detailed in
Schedule 1 of the UK Animals
(Scientific Procedures) Act
1986 or provide details and
justification for alternative
methods of killing.

Animals will be killed by concussion of the brain
and/or exposure to carbon dioxide gas. Death is
confirmed by dislocation of the neck.

For Office Use Only

Will the study be subject to
Retrospective Assessment?

| Yes | No [Date due:

Committee use only

Comments by Experimental Officer:

A relatively small number of SHR rats have been proposed over the 3 yr period. No in vivo
work will take place. The rats will be culled by a S1 method and a range of tissues removed.
A comparable approach have been used in the past involving normotensive and SHR rats

(UNMC 2, UNMC6 and UNMC12).

e Could you provide a brief experimental plan to explain how you will
meet the objectives (e.g. what data will be required, use of controls. NY
10/04/18). Response: See Annex 1

¢ Please provide the same assurances are in place as before regarding:
a) checking that the rats are hypertensive before culling takes place
b) the competency of the person carrying out the humane killing of

the rats and

c) the ability to transport the tissues in a manner which does not
affect the viability of the tissues.
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Response: The rats will be obtained and killed at the animal facility of University
of Monash which is about 40km away from the Nottingham Campus. The
required tissues will be removed immediately at Monash and transported back to
Nottingham in ice cold Krebs. This protocol has been used previously and the
results obtained did not show any loss of tissue viability. A trained technician in
Monash University will take the blood pressure using the tail cuff method a day
before the sacrificing of the rats by humane killing. He will supply adult rats that
registered systolic blood pressure of between 170mmHg and 210mmHg.

A.Kelly 13/3/18

Comments by NVS:

This would appear to be a reasonable request and the applicant has stated specific aims
for the study. Can you confirm;

No normal rats are required as controls for comparison studies?

Response: We have done a series of work on normal rats as control (Sprague
Dawley rats under the approved applications UNMC2kn and UNMC12). The current
work will be to compare our observations in SD and SHR tissues.

There will be no more than 80 SHRs used over the 3 year period (I was
unsure how this links to ‘4 animals will be used for a period of 5 to 6

weeks in a year’).

(If presumed that this is 4 rats over a 5 week period giving 10 periods per year = 40
rats per year for 3 years then approximately 120 rats and not 80 rats in total could
be used over the 3 years of this study - clarification required. NY 10/04/18)

Response: We plan to use 4 rats per week for a short period of 6 weeks or 6 rats per
week for 5 weeks. For the first phase of work we will order 30 rats. Phase two or three
will be carried out with the remaining rats in the next two years if we have newer
compounds to test in SHR or to clarify the mechanism of these compounds in SHR
tissues. We do not plan to use more than 80 rats in total for a period of 3 years.

Ewan McNeill 09-04-18

Comments by primary reader for the Committee (if applicable):

Comments by Lay Person (If applicable):

Commiittee decision:

Approved following Clarification — NY 13/04/18

Communicated to applicant (date): 13/04/18
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