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2 Abstract

This thesis details the development of a novel method for the synthesis of medium-sized lactones and
lactams via a cascade process referred to in this thesis as ‘Nucleophile-Induced Cyclisation Expansion’
(NICE). In this approach, linear precursors are designed to contain an internal nucleophilic catalyst, to
ensure the NICE proceeds via a cyclic transition state containing a 5 to 7 membered ring (i.e. | > Il >
lll). This approach avoids the high-dilution conditions typically required to synthesise medium-sized
rings by end-to-end cyclisation. The majority of the challenges associated with synthesising medium-
sized rings by NICE centre on the synthesis of the linear precursor. In this thesis two different
retrosynthetic approaches to synthesising linear precursors are detailed, referred to as the El + N and
E + IN approaches as summarised in Figure 1.

Section 7.2 details the synthesis of linear precursors composed of an aliphatic amine as the internal
nucleophile and a primary amine as the terminal nucleophile to synthesise novel medium-sized
lactams. An El + N retrosynthetic approach was used to synthesise the linear precursors as shown in
Figure 1, where a molecule composed of an electrophilic carbonyl group and aliphatic amine as the
internal nucleophile (El), is reacted with a molecule composed of the terminal nucleophile (N).

Section 7.3 also focuses on an El + N retrosynthetic approach, but by using bromopropan-1-ol an
alternative N-building block. The subsequent linear precursors synthesised contains an alcohol group
as the terminal nucleophile. Therefore, upon NICE lactones are synthesised analogous to the lactams
shown in Section 7.2.

Section 7.4 focuses on the synthesis of linear precursors by the alterative E + IN retrosynthetic
approach as shown in Figure 1. A range of different E-building blocks were synthesised composed of
an electrophilic carbonyl group. Different commercially available amino alcohols were used as the IN-
building blocks to introduce an internal and the terminal nucleophile into the linear precursor. Upon
deprotection and NICE the different linear precursors were ring expanded into a range of structurally
diverse medium-sized lactones.
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Figure 1: - The two retrosynthetic approaches to synthesise the linear precursors to the medium-sized ring.
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5 Introduction

5.0 The importance of medium-sized rings

Medium-sized rings (cyclic molecules in which the ring skeleton is made up of 8 to 11 atoms) are often
found in small molecules with desirable medicinal and therapeutic properties, with examples shown
in Figure 2.! The pharmacology of these chemicals has been in part attributed to the restricted
conformation of the medium-sized ring. The ring provides a degree of order and conformational
rigidity to the chemical structure, resulting in key functional groups being arranged in space in a
relatively predictable manner, which can be beneficial for medicinal chemistry applications.?
Pharmaceutical compounds containing a medium-sized ring within their chemical structure have often
been shown to exhibit superior bioactivity® and cell permeability* relative to their acyclic analogues
structure.®> Knowing the benefits that medium-sized rings offer, it is perhaps surprising to find that
they are not as prevalent in pharmaceutical screening libraries as might be expected, which may
explain why there are few examples in top-selling pharmaceuticals. The reason behind this is
multifaceted, but is in part due to the challenges posed by the synthesis of medium-sized rings, which
in turn restricts their application within the drug discovery field.®
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Figure 2 : - Therapeutic and medicinally relevant compounds containing medium-sized rings.
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5.1 Medium-sized ring synthesis

Traditionally, medium-sized rings have been synthesised via the end-to-end cyclisation of a linear
precursor as shown in Figure 3. The likelihood that the linear precursor will orientate in a way that the
two ends of the precursor will meet to form a ring can be limited however. This results in there being
a competition between the desired intramolecular reaction (i.e., cyclisation) and intermolecular
reactions (i.e., dimerization) which can lead to poor yields and unpredictable reactions. Various
techniques have been implemented to favour end-to-end cyclisation such as high dilution conditions,”
8 pseudo-high dilution conditions® 1° and templated synthesis.!* However, all these approaches aim
to improve an unfavourable end to end cyclisation reaction, rather than finding an alternative,
superior method to synthesise a medium-sized ring that avoids these challenges altogether.

/\ Intramolecular
cyclisation

NN TN ———

Intermolecular
dimerisation/polymerisationtion

N NG N 2N N\ N

Figure 3 : - Schematic representation of the competing dimer and end to end cyclisation of medium-sized rings.

The thermodynamic and kinetic barriers to synthesising medium-sized rings are typically greater than
those seen in the synthesis of smaller 5- to 7-membered rings, or in macrocycles, which are 12-
membered rings and larger. As a result, medium-sized rings are commonly noted as being the most
challenging ring size to synthesise.!? This is due to medium-sized rings being large enough to
experience significant loss in entropy upon cyclisation of a linear precursor, but small enough to
experience ring strain and transannular strain due to the bond angle and the finite interior space
within the ring.!

5 to 7-membered rings however are readily synthesised via cyclisation and cycloaddition reactions.*®
14 As a result, a strategy to synthesize medium-sized rings is to expand these rings, thus avoiding the
challenges associated with medium-sized ring end to end cyclisation. This approach is referred to as
ring expansion.'? Forming a medium-sized ring upon the ring expansion of a cyclic transition state
rather than end to end cyclisation, resulting in a more kinetically favourable reaction course as shown
in Figure 4.
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—— Ring expansion via a
normal sized ring

Reaction course

Figure 4 : - A hypothetical reaction coordinate of a linear precursor forming a medium-sized ring via ring
expansion or by end-to-end cyclisation.

5.1.1 Nucleophilic catalyst Induced Cascade ring Expansion

An innovative ring expansion approach which forms medium-sized rings was pioneered by the
Unsworth group and is named ‘Nucleophilic catalyst Induced Cascade ring Expansion’ (NICE). The
method is based on the reaction of a linear precursor with an internal nucleophile that catalyses the
reaction, thus ensuring the reaction proceeds via a smaller sized ring transition state, before
expanding into a medium-sized ring. As shown in Figure 5 an internal nucleophile (shown in green)
attacks the terminal electrophile (shown in red) forming a cyclic transition state. The terminal
nucleophile (shown in blue) then attacks the electrophile and in a cascade reaction forms the desired
medium-sized ring.

Figure 5 : - Schematic of the mechanism for nucleophile-induced cascade ring expansion reaction.

The NICE methodology was implemented by developing a precursor with a pyridine strategically
incorporated within the linear structure 4-7, as shown in Scheme 1. Following the activation of the
carboxylic acid 4-7 with propane phosphonic acid anhydride (T3P) and N, N-diisopropylethylamine
(DIPEA) in chloroform, the internal nucleophile attacks the activated carboxylic acid group forming the
6 membered ring shown in the reactive intermediate 4-9. The hydroxy group, referred to as the
terminal nucleophile, then proceeds to attack the acyl pyridinium species resulting in the formation
of the lactone 4-11 (via 4-10) in a cascade reaction.

12



T3P (1.5 equiv)
OH DIPEA (1.85 equiv)

CHCl3, 30 min, RT

4-7

@)
single diastereoisomer
4-11, 90%

Scheme 1: - The NICE mechanism forming the lactone 4-11.

A key benefit of the ring expansion via NICE is its ability to form the product as a single diastereoisomer
4-11. Atroposelective reactions that forms medium-sized rings are limited **” and could be critical to
drug discovery, as stereochemistry can considerably affect a drug’s biological activity,
pharmacokinetics and toxicity.'® The atroposelectivity occurs in part due to the carbon-carbon bond
between the two aryl units in compound 4-7 being prevented from freely rotating (supported by
density functional theory (DFT) studies),'® and in this case it was found that diastereoisomer 4-11 was
formed exclusively in preference to isomer 4-16 as shown in Figure 6.

The proposed mechanism accounting for the selective formation of product lactone 4-11, rather than
the unobserved diastereoisomer 4-16, is shown in Figure 6. The observed diastereoisomer 4-11 is
formed from precursor 4-12, whereby the hydroxyl selectively attacks the carbonyl Si face. The
transition state leading to tetrahedral intermediate 4-13 is proposed to adopt a chair-boat like
conformation with the methyl group in a pseudo-equatorial orientation. The intermediate 4-13 then
ring expands to form the observed diastereoisomer 4-11. The alternative approach would be the
nucleophilic attack by the hydroxyl group, on to the carbonyl Re face of precursor 4-14. However, for
this to happen the methyl group, now in a pseudo-axial conformation, would likely be sterically
hindered by the carbonyl group, resulting in a higher energy barrier to form the intermediate 4-15
compared to the alterative intermediate state 4-13, thus resulting in an atroposelective reaction.

13



si face
attack

M—e\ Hindrance

4-14 4-15 4-16
Not observed

Figure 6 : - The diastereoselective nucleophilic addition reaction and ring expansion to form the lactone 4-11.

To date, medium-sized ring synthesis carried out by the Unsworth group, has predominantly focused
on the use of a pyridine as the internal nucleophile to catalyse the NICE reaction.® This research has
resulted in an impressive number of lactones being synthesised ranging in size and functionality as
shown in Figure 7 (4-17 > 4-18).

/X R3 T3P (1.5 equw). /X
) | DIPEA (1.85 equiv) , |
R N -
N ~OH CHCI3 (0.05-0.1 M) R \N ).
R’ RT, 30 min R o o R3

COH R'"&RZ=H,X=N,R%=Me, m=1,90%
417 R'&R?=0Me, X=N,R*=Ph, m =1, 98% 4-18
R'=H, R = OMe, X = CNMe,, R®= Me, m = 1, 92%

Figure 7 : - The general reaction scheme of medium-sized lactones synthesised by NICE, catalysed by an
internal nucleophilic pyridine or derivative.

The use of an aliphatic amine rather than a pyridine as the internal nucleophile has also been used to
catalyse the NICE reaction to synthesise a wider variety of medium-sized lactones with altered
functionality, shown in Figure 8 (4-19 - 4-20).

T3P (1.5 equiv)

DIPEA (1.85 equiv) R2
2
j\R1 « EM/\ CHCl; (0.05-0.1 M) X}b,{,ix)m
HO NV OH .

o RT, 30 min R1/V(I)]\o

4-19 R?=Bn,X=CHy, n=2m=1,77% 4-20
R2=Bn,X=CHy, n=1,m=1,79%
R2=Bn,X=CHy, n=1,m=2,76%

R2=Me, R"=Bn, X = CH,N(CH3), n =1, m =2, 76%

Figure 8 : - The general NICE reaction scheme catalysed by an internal aliphatic tertiary amine.
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The diversity of medium-sized lactams synthesised by NICE has not been researched to the same
extent as the lactones shown in Figure 7 and Figure 8. The current research solely focuses on ten
membered lactams, all synthesised using a pyridine as the internal nucleophile.® The use of different
terminal nucleophiles has been researched but predominantly focused on secondary amines, with one
example utilising a primary amine, as shown in Figure 9.

T3P (1.5 equiv)

7 R’ DIPEA (1.85 equiv) a
SN NHR? CHCl; (0.05-0.1M) SN
RT, 30 min oN R’
CO,H 1_ 2 0 R?
s R'=Ph & R? = H, 52% 4.22

R' = Me & R? = n-Pr or allyl, 48%, 75%
R'=Me &R?%= cyclohexyl or Ph, 41%, 100%
R' = Ph & R? = Me, 50% (0.1M), 78% (0.001M)

Figure 9 : - The general reaction for the synthesis of medium-sized lactams synthesised by NICE.

A logical progression of this research would be to focus on the NICE of lactams, specifically tailoring
the precursor to ensure the ring expansion is catalysed by an aliphatic amine as the internal
nucleophile. Additionally, the use of a primary amine as the terminal nucleophile has not been
researched in great detail and would emphasize the diversity of medium-sized rings that can be
synthesised by NICE.

A potential reason for the success of the NICE reactions that use a pyridine as the internal nucelophile,
could be due to the restricted conformation a pyridine ring imposes on the precuror. This may result
in the reactive groups being held in closer proximity and thus favouring the NICE. Conversely, the use
of a pyridine could also impede on the reaction if it introduces conformation constraints, and this was
indeed seen when exploring the size of the medium-sized rings accessible; for example, there was a
stark contrast in yield between 9-, 10- and 11-membered lactone analogues shown in Figure 10. All
the lactones, if successfully synthesised, would have been formed via an initial 6 membered ring
cyclisation, yet the final ring size, and strain within it, is clearly critical to the successes of NICE in this
case. In this case the most reasonable explanation for the failure to synthesise compound 4-23, is due
to the high ring strain imposed by the multiple aromatic substituents in the structure.

a a ]
N\
N\ N\
N N N
(@)
(@) (@)
(@)
4-23 4-24 4-25
Yield 0% 64% 28%

Figure 10 : - Medium-sized lactones ranging in size, containing a biaryl functionality.

In contrast using an aliphatic tertiary amine as the internal nucleophile, and no longer forming a benzo
fused heterocycle, has enabled medium-sized lactones ranging in ring size to be synthesised by NICE
in good yield, as shown in Figure 11.
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O O
& @@

79% 77% 62% 31%
4-26 4-27 4-28 4-29

Figure 11 : - Medium-sized lactones ranging in ring size synthesised with an aliphatic tertiary amine acting as
an internal nucleophile.

These observations highlight how the structure of the precursor can have beneficial or detrimental
effects on the outcome of a NICE reaction. More generally, to ensure a given ring expansion reaction
is successful, the reaction must be carefully designed to ensure that it is likely to be thermodynamically
favourable. In most cases the change in ring size from a small to medium-sized ring is
thermodynamically endergonic considering only the change in ring size in isolation.?® Therefore, for a
ring expansion reaction that results in medium-sized ring formation to be overall exergonic, additional
driving forces need to ensure the thermodynamic cost associated with the change in ring size can be
repaid.’ In the following sections the design features that contribute to a thermodynamically
favourable ring expansion reaction will be discussed.
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5.1.2 Charged intermediates

One driving force that contributes to the success of a ring expansion is the conversion of a charged
unstable intermediate into a more stable neutral species. NICE reactions are an example of this
whereby a quaternary ammonium cationic intermediate is formed before ring expanding it into a
neutral medium-sized ring as shown earlier in Scheme 1. Similarly, Clayden and co-workers reported
the synthesis of medium-sized benzo fused heterocycles via a charged reactive intermediate. The ring
expansion proceeds upon the deprotonation of the benzylic acidic proton o to the nitrogen within the
urea modify forming the unstable anionic intermediate 4-31. The more stable urea intermediate 4-32
was subsequently formed via the n to n+3 ring expansion before being protonated to form the

medium-sized heterocycle 4-33.

LDA (2 equiv)
DMPU (5 equiv)

X
R1—I(\Inﬁ)m
-
N
PPN

Ar N (0]

X

T
Ar/\l}l/&o
R2

4-31

)
Oy
= N

THF, -78 °C
X =0 or CH,

m

Scheme 2 : - The n to n+3 ring expansion of metalated urea.

Ar !\l
RZ O
Yield 50% to 90%
Ring size 8 to 11
4-33
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5.1.3 Bond-dissociation energy

The formation of a thermodynamically stable carbonyl group upon ring expansion, especially an amide
or ester group, can be a significant driver in successful ring expansion reactions. For example, Ye and
co-workers reported the synthesis of benzazocinones, a structural motif present in bioactive
molecules.?! The cascade ring expansion detailed in Scheme 3 involved the yttrium(lll)-catalysed
intramolecular hydroalkoxylation of ynamide 4-34 to form the vinyl ether 4-36 consisting of an
oxazinane ring. The intermediate 4-36 then cascades via a Claisen rearrangement to form lactam 4-37
in excellent yields. The formation of a thermodynamically stable carbonyl bond in the product is likely
to be a key factor driving these reactions.

1 1
R Y(OTf)3 (10 mol%) R
5 A MS,
RO O%RZ T Re o
W = PhClI, 80 °C g 2
a N Z N N _R
PG . PG [Y] _
4-34 4-35
R’ al
— [3,3]
0
R3+ RS—: R2
R? D
N I
FI)G O - PG -
4-37 4-36

Ring size = 8, 9, 10, 11, 12
Yield = 61 - 99%

Scheme 3: - The suspected ring-expansion mechanism proposed by Ye and co-workers.

Ye and co-workers proposed the mechanism shown in Scheme 3, whereby the m-acidic yttrium(lll)
catalyst coordinates to and activates the alkyne in 4-34, causing the intermediate 4-35 to be formed
following nucleophilic addition of the alcohol. Lactam 4-37 is then formed upon the [3,3] sigmatropic
rearrangement of the intermediate 4-36. This reaction mechanism was proposed based on
experimental observations that confirmed the carbonyl oxygen originated from the hydroxyl group
and alternative intermediates were ruled out.?*
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The work of Yudin and co-workers?? also emphasized the role played by the formation of a carbonyl
group in ensuring a thermodynamically favourable ring expansion reaction. Their research detailed
how a range of B-amino imides 4-38 and 2,5-diketopiperazines 4-41 can be ring-expanded to form
cyclic tripeptides. The approach is shown in Scheme 4; following tert-butyloxycarbonyl (Boc) cleavage
of 4-38 and 4-41, the deprotected amines were treated under basic conditions yielding the cyclic
peptides 4-40 and 4-43 respectively, via intermediates 4-39 and 4-42, respectfully. Computational
analysis of the ring expansion concluded that the ring expansion was only successful if the reaction
was exergonic by at least 16.7-50.2 klmol*.22 Amide formation is likely to be the main driver in
ensuring these reactions are exergonic.

R3 R3
o) i) TFA, DCM, ﬁN °N
A )J\/\ _Boc rt, 1 hours HOU| ~ 0
riL N N - . il NTO = HNTTO
\M% R ii) DIPEA \M) \M)
MeCN, " "

4-38 50 °C, 10 hours 4-39 4-40

Ring size = 8, 9, 10, 11
Yield = 55% to 94%

O O i) TFA, DCM,

RS
HON N
- R! )J\/\ _Boc ', 1 hours . R r:l ) R1O
.’ T)kN N S N"So HN" Y0
R N R . \ '
~ R? \H)\ ii) DIPEA s 2N . 2N
MeCN, R R
0 0

o 50 °C, 10 hours
4-41 4-42 4-43
Ring size = 10
Yield = 55% to 93%

Scheme 4 : - The ring expansion of cyclic imides and 2,5-diketopiperazines.

Unsworth and co-workers have also developed similar ring expansion methods, that enable the ring
expansion of imides to synthesise lactones??, lactams?* and thiolactones®® as shown in Scheme 5. The
ring expansion involves imides 4-46 formed by an N-alkylation of lactam 4-44 with acyl chloride 4-45,
before ring expanding via cyclol intermediate 4-47 forming medium-sized ring 4-48. The research was
undertaken with the aim of synthesizing macrocycles via successive ring expansion (SURE), whereby
repeated ring expansion enables the synthesis of macrocycles by expanding the medium-sized rings a
second (or third) time. As a result, a broad array of medium-sized rings, ranging in size and
functionality were synthesized.

The research highlights how forming thermodynamically stable bonds upon ring expansion is
influential in achieving a high yielding ring expansion reaction. This is evident when comparing lower
yielding SURE reactions forming thiolactones relative to analogous lactam and lactones by NICE. This
is likely due to the thioester formed upon ring expansion being less stable compared to amides and
esters, which benefit from greater resonance stabilisation (supported by DFT studies).?> As a result
SuRE reactions forming thiolactones are more challenging and lower yielding compared to analogous
lactones and lactams.
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0]

XPG
C')kf)fm 6-45 o
O DMAP, pyridine 0O © o X0
DCM. 50 °C XH o ) X )
g 0
g

) n PG cleavage )n )n

4-44 4-46 4-47 4-48

Yield = 36% to 98%
Ring size = 8,9, 10 & 11

_________________________________________________________________________________

+ XPG = NRFmoc, NRCbz Lactams |
' XPG = 0Bn > Lactones
. XPG = SAc, STrt, SFm Thiolactones !

Scheme 5 : - An N-acylation reaction followed by the imide ring expansion into a medium-sized ring.

Earlier research by the Unsworth group focused on SuRE, was based on the reactions of B—ketoester
motifs as shown in Scheme 6.%° This approach involved a C-acylation reaction between various cyclic
[-ketoesters 4-49a-c and acyl chlorides 4-50a-f, forming tricarbonyl species 4-51. The addition of
piperidine in dichloromethane causes the deprotection of the amine 6-45 and the reaction proceeds
via a cyclisation and ring expansion, forming either an amide or ester present in the medium-sized ring
4-53. This approach highlights the straightforward and effective approach to ring expansion,
facilitating the formation of a wider range of rings.

O R2~X\ 1
R! R RZ2+ ~R 2 R'
R Va R<
O CI)J\/l\XR2 4-50a-f 0 -0 X XY
(é/cozlvm ( o _ . \Y o T 0
olVie
MgCl,, pyridine, COzMe CO,Me
4-49an =1 CHzclz, RT, 1-2 h
4-49b n =2 4-51 4-52 4-53
4-49¢ n = 3 Yield = 51% to 83%
Ring size = 9, 10, 11
: o) o) ;
A (0] Bn (o) i
' )J\/\ R NHFmoc '
- - CI)H/ |
 Cl Bs CI/U\)\NHFmoc L CI)J\/\OBn !
' 4-50a R = H, PG = Fmoc 4-50c 4-50d R = H 4-50f ;

1 4-50b R = Me, PG = Fmoc 4-50e R = Me

Scheme 6 : - The structural diversity and mechanism of medium-sized rings formed via acylation/ring
expansion sequence.
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6 Project aims

Medium-sized rings act as a key structural core in an array of bioactive natural products, imparting a
degree of rigidity and a unique three dimensional (3D) spatial conformation to a compound. As a
result, medium-sized rings are present in medicinally important compounds as they improve various
therapeutic properties.! Yet despite the medicinal benefits, medium-sized rings are underrepresented
in pharmaceutical and drug discovery libraries due to the challenges associated with their synthesis.
612,27 Therefore, the aim of this project was to expand the scope of medium-sized ring accessible via
NICE. The initial focus was the synthesis of medium-sized ring lactams as they have not been
researched to the same extent as lactones in previous work on NICE.*® This was achieved by designing
precursors with a primary amine as the terminal nucleophile and an aliphatic amine as the internal
nucleophile as shown in Scheme 7.

Q 0
OH iii) NICE
N NH hiH
~ N + él_ N\/\/
i) DeprotectionT

(@] J<
(0]
N\\/\/NHBOC
)

T i) N-alkylation

O J<
Wo + Br” " NHBoc
NH | N

Scheme 7 : - The generalised synthesis of the linear precursor with an aliphatic tertiary amine as the internal
nucleophile and a primary amine as the terminal nucleophile.

The second part of this project follows the alterative IN + E retrosynthetic approach to synthesising
linear precursors for NICE. The aim is to develop this retrosynthetic approach into an efficient reaction
sequence to develop an array of structural diverse medium sized rings. This will be achieved by utilising
the abundance of different commercially available amino alcohols to act as IN-building blocks,
introducing the internal (I) and terminal nucleophiles (N) into the linear precursor. Further structural
diversity will be achieved by development different sp2 rich esters acting as the E-building block that
will introduce latent electrophilicity (E) into the linear precursor. Therefore, medium sized rings can
be synthesised via an N-alkylation, ester sublimation and NICE reaction as shown in Scheme 8.
Developing an efficient three step reaction sequence to synthesising a diverse array of medium sized
rings, varying in size and functionality.
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(0)
i) hydrolysis iii) NICE N+
_____ - N
HO"

QN

T i) N-alkyation

O
O/ OH
Br

E IN

Scheme 8 : - The reaction scheme highlighting how an amino alcohol can be used to introduce an internal and
terminal nucleophile into a linear precursor for NICE.
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7 Experimental discussion

7.0 Initial research into precursor design and synthesis

The first precursor 6-3 was synthesised by an Sy2 N-alkylation reaction between the electrophile
benzyl bromide 6-1 and the nucleophile bis-secondary amine 6-2. This was carried out to determine if
a medium-sized lactam could be synthesised by NICE from a linear precursor with an aliphatic amine
as the internal nucleophile.

o) K2C03, MeCN, (@)
90 °C, Ar,
O/ H H 3 hours O/
+ SN NN/ H
Br N _~_N_~

6-1 6-2 K 6-3

41% Yield

Scheme 9 : - The N-alkylation reaction to form the precursor 6-3.

The ester 6-3 was hydrolysed by the nucleophilic addition of a hydroxide ion at the carbonyl group
forming the tetrahedral alkoxide intermediate. The carbonyl group reforms and the alkoxide group is
eliminated forming the desired carboxylic acid group 6-4. The NICE reaction was then performed
achieving a moderate yield of the lactam 6-8 as shown in Scheme 10. The reaction conditions were
adapted from the NICE approach published by the Unsworth group,® that used the coupling agent
T3P in DIPEA and CHCls. The NICE reaction shown in Scheme 10 takes place upon activation of the
carboxylic acid group using the coupling agent T3P. This activation causes the carbonyl group to
become sufficiently electrophilic to encourage the nucleophilic attack from the internal nucleophile
(highlighted in green), forming the five membered acyl ammonium intermediate 6-7. Then, the
secondary amine (highlighted in blue) acts as the terminal nucleophile to attack the carbonyl group
(highlighted in red) and initiate ring expansion to form the 9 membered lactam 6-8 in a 53% vyield.
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Q LiOH aq), THF Q
o~ RT, 24 hours OH
H H
N~ N~ N~ N~

K 6-3 K 6-4

T3P (1.5 equiv)
DIPEA (1.85 equiv)
CHCI3, RT, 12 hours

oy .0

Q. % 9 9% (R‘)
©:Z<Q/Né\/\N @,P\O,P\O,P\d ©iool
- . H -~ H

N._~_N_~ N~ N~
6-7 K 6-6 K 6-5
B +/- H* B
6- 8
53% Yield

Scheme 10 : - The reaction mechanism of the NICE of the precursor 6-4 using the coupling agent T3P in DIPEA
and CHCls.

The lactam 6-8 differs from the lactams previously synthesised by NICE using the coupling agent T3P
as described in Section 5.1.1, predominantly due to the internal nucleophile being an aliphatic tertiary
amine rather than a pyridine. As a result, of the structural differences alternative coupling conditions
were used to synthesise the lactam 6-8. The coupling agents 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDCI) and hydroxybenzotriazole (HOBt) have been shown to result in a higher yielding
NICE reaction when compared to using T3P in some cases. This was discovered during ongoing
research in the Unsworth group, synthesising thiolactones and macrocycles by NICE.

The reaction mechanism by which the coupling agents EDCI and HOBt activate the carbonyl group to
encourage the NICE of the precursor 6-4 is shown in Scheme 11. Under basic conditions the
electrophilic carbodiimide is attacked by the carboxylate anion 6-5 forming the intermediate 6-9. The
more electron poor carbonyl present in the intermediate 6-9 is then attacked by HOBt 6-10 and an
exchange occurs resulting in the carbamide acting as the leaving group, forming the compound 6-11.
The NICE reaction then takes place via 6-7 forming the lactam 6-8, albeit with a low 8% yield, so this
procedure was far less effective than the T3P method for this substrate. This could be due to T3P being
more reactive forming the compound 6-6 more readily compared to alternative species 6-11 when
using EDCI and HOBt. Therefore, hindering the NICE as the carbonyl group doesn’t become
electrophilic enough for the internal nucleophile to attach and start the NICE reaction to proceed.
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OH H
NQ/\/N\/
6-4

EDCI (1.5 equiv)
HOBT (1.3 equiv)
DIPEA (2.0 equiv)
THF, RT, 12 hours

— y —
N L
\
N=C= QM Q
0 _/ v 6-8 /S/C\N/\/\N/ (O N
_ N N
(0] > *OH —_— A\,
N\/\/H\/ N N_N N
K H\)/ 7 N\© ) \H
~_N
6-5 6-9 6-10 6-11 rNH
o -
NI/ +/- H* (O/_\J
N:> -— CNGE "N
7 H
6-8 6-7 i
8% Yield

Scheme 11 : - The reaction mechanism for the NICE of the linear precursor 6-4 using the coupling agents EDCI
and HOBt in DIPEA and THF.

Another N-alkylation reaction, similar to the previous reaction shown in Scheme 9, was done using
the same electrophile 6-1 but a different diamine, diethylethane-1,2-diamine 6-12 with a shorter
ethyl chain separating the two amines compared diamine 6-2. The N-alkylation reaction was
performed with the desired compound 6-13 being formed in 87% vyield.

K2CO3, MeCN, o)
o” P 8 hours. o~
Br ” e N\/\”/\
6-1 6-12 6-13
Yield 87%

Scheme 12 : - The N-alkylation reaction forming the precursor 6-13.

The ring-expansion precursor 6-13 was then saponified to the carboxylic acid 6-14 and subjected to
the same two coupling conditions previously used to synthesise the lactam 6-8 shown in Scheme 10
and Scheme 11. This resulted in the formation of lactam 6-16 which is similar in structure to lactam 6-
8 but with a smaller eight membered ring. The NICE of the precursor 6-13 shown in Scheme 13 also
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followed the same trend whereby the coupling conditions using T3P formed lactam 6-16 in a higher
yield of 11% compared to using EDCI and HOBt. Notably the NICE reaction using EDCI and HOBt was
unsuccessful in forming the lactam 6-16 achieving a 0% yield. Unable to visualise the formation of the
lactam 6-16 upon monitoring the reaction via thin-layer chromatography.

O

S
N\/\ N

K N
H
6-13 A) T3P (1.5 equiv)
LiOH (aq) DIPEA (1.85 equiv)
THF CHsCl, RT, 12 hours
RT or
o 24hours  g)EpCI (1.5 equiv) 0

HOBT (1.3 equiv) u .
+/-
OH THF, RT, 12 hours NN l-H

6-14 6-15 6-16

A) 11% Yield
B) 0% Yield

N2 =z

Scheme 13 : - Comparing the coupling conditions to form the lactam 6-16 by NICE.

Interestingly the larger 9-membered lactam 6-8 achieved a higher yield compared to the analogous 8-
membered lactone 6-16. This is most likely due to the lactam 6-16 having a smaller ring size and
subsequently exhibiting a higher ring strain and transannular strain resulting in a lower yielding NICE
when compared to the lactam 6-8. The research into NICE by Unsworth and co-workers!® synthesised
a variety of lactones and lactams using coupling agent T3P to good effect. Particularly in the NICE of
lactams, in one instance achieving quantitative yield of a medium-sized lactam, shown earlier in Figure
9.2 Due to the results shown and the success of previous research into NICE, T3P is typically used as
the coupling agent in the NICE of medium-sized rings throughout this research. However, in a few
instances both reaction conditions were explored to determine which coupling conditions would
achieve the highest yielding NICE reaction.

7.1 Multi Nucleophile-induced Ring Expansion

In the current published work from the Unsworth group, the NICE reactions all involved a single ring
expansion step. However, work is ongoing in the group to demonstrate that larger more complex
products can be made by incorporating multiple ring expansion steps into longer cascades. In this way,
a macrocycle can potentially be synthesised by a multi-NICE sequence; for example, using a precursor
with multiple internal nucleophiles (X and Y) like the precursor 6-17. In theory by designing such a
precursor a more complex cascade reaction sequence can take place and a macrocycle 6-20 can be
formed from a linear precursor 6-17 as shown in Scheme 14.
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X/\/\Y/\/\ZH 4
Coupling agent XY Nz
6-17 - o 618
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(0] OH (’ 1\
)
X"y o~
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O o'e
6-20 - HZ~ 6.1 |

Scheme 14 : - A general reaction mechanism of a multi-NICE reaction to form a macrocycle from a linear
precursor.

The first step in the reaction sequence to form the multi-NICE precursor was a N-alkylation reaction
between diethylpropane-1,3-diamine 6-2 and 3-bromo propan-1ol 6-21 synthesising 3-(ethyl (3-(ethyl
amino) propyl) amino) propan-1-ol 6-22 as shown in Scheme 15.

KzCO3, MeCN,
H H 60 °C, 4 hours H
N N OH
~ N A~ N~ , Bho~_OH ———— SN
6-2 6-21 6-22

35% Yield

Scheme 15 : - The N-alkylation reaction to form the compound 6-22.

The compound 6-22 was then reacted with the electrophile 6-1 to form the linear precursor 6-23 as
shown in Scheme 16. This is due to the secondary amine being more nucleophilic compared to the
alcohol group and less sterically hindered compared to the tertiary amine present in the compound 6-
22

(0] K2C03, MeCN, (e}
o 90 °C, Ar, o
* HN AN~ _OH 3 hours
Br —_— '\L\/\/)N\/\/OH
6-1 6-22 6-23
71% Yield

Scheme 16 : - The N-alkylation reaction forming the precursor 6-23.

Precursor 6-23 was next hydrolysed to form the carboxylic acid 6-24 and then the two different
coupling conditions were used to achieve the multi-NICE reaction to form the lactone 6-25, as shown
in Scheme 17. The lactone 6-25 was synthesised in the highest yield using the coupling agents EDCI
and HOBt when compared with using T3P. This demonstrates the importance of testing both coupling
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conditions when developing new reaction series, to ensure the highest yielding NICE reaction is
achieved.

o~
N A~ N~ OH

/

6-23
LiOHaq), THF A) T3P (1.5 equiv)
0 RT, 24 hours DIPEA (1.85 equiv) 0
CHCI;, RT, 18 hours
(:&OH i} O/\/\NJ
N N OH N
Q/\/) ~N B) EDCI (1.5 equiv) Q/\/
HOBLt (1.5 equiv)
6-24 DIPEA (5.0 equiv) 6-25
MeCN, RT, 18 hours A) 21% Yield

B) 46% Yield

Scheme 17 : - The Multi NICE of 6-24 via two coupling conditions forming the macrocycle 6-25.

7.2 An alternative approach to lactam synthesis

As previously described in Section 5.1.1, research into medium-sized lactam synthesis by NICE has not
been explored to the same extent as it has been for lactones. Specifically, research into the NICE of
precursors composed of an aliphatic tertiary amine as the internal nucleophile and a primary amine
as the terminal nucleophile had not been researched at all prior to this Master’s project. Therefore,
the following section will detail the synthesis of these precursors and the lactams formed using NICE.

When following a retrosynthetic approach to synthesising a linear precursor for NICE, two different
approaches can be taken depending on how the precursor is deconstructed. This section will solely
focus on the retrosynthetic approach El + N as shown in Figure 12 (orange box). In this case the
precursor is deconstructed into two molecules referred to as an El ‘building block’ containing the
electrophilic carbonyl group and internal nucleophile. Whereas the other molecule referredtoasa N
‘building block’ contains the terminal nucleophile and a leaving group. By reacting these two
molecules together the linear precursor is synthesised with all the necessary functional groups to
engage in a NICE reaction.

0] ||) Deprotection
LG. X YH :>
OJ\/\/\\ SN

NICE
. \ Y =0, NH, NR
Retrosynthesis X = NH, NR
o) f (0] E
LG\OMXH + Hal” >>"vH LG\OMHaI N XH™ >"vH .
El N : E IN :

Figure 12 : - The general El + N and E + IN retrosynthetic approach to linear precursors synthesis.
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The commercially available amino acids shown in Figure 13 were all used in this work. In the case of
the cyclic amino acids, these were chosen to introduce a degree of rigidity into the NICE precursor,
in an effort to emulate the ability of a pyridine to restrict the conformation of the linear precursors
shown in Section 5.1.1. Additionally, fused ring systems are prevalent in many pharmaceutical
drugs.?® Sarcosine 6-29, a linear amino acid, was also used to compare the effects a cyclic fused ring
system has on the NICE reaction. The same reaction sequence was performed starting from the five
different amino acids shown in Figure 13. The reaction scheme employing the amino acid 6-26 will
be focused on first, followed by a brief summary of the other reactions performed using the other
amino acids.

(@] H O o
5 0
H
OH OH N
O.\/></< - \)J\OH
NH SN oM NH

6-26 6-27 6-28 6-29
Figure 13 : - The commercially available amino acids used to introduce an aliphatic amine into the precursors.

7.2.1 Amine protection

The first reaction involved the protection of the amine group in the amino acid 6-26 using benzyl
chloroformate (CbzCl) 6-30. The reaction proceeded under basic conditions as shown in Scheme 18,
forming the Cbz-protected amino acid 6-31, in 65% yield.

0O

NaOH OH
HZO/THF (3:1)

OH * C| N
/\© 24 Hours O)\O

6-31
65% Yield

Scheme 18 : - The amine protection of the amino acid 6-26 using benzyl chloroformate 6-30.

7.2.2 Photoredox 1,4-addition reaction

The Cbz-protected amino acid 6-31 was then reacted with tert-butyl acrylate 6-32 in a 1,4-addition
reaction using the Ir (lll) catalyst 6-33. The reaction conditions were inspired by research from
MacMillan and co-workers?® to synthesise compound 6-34 in a 50% yield.
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6-33, K,HPO, 0
DMF /l<:
0

Q e — !
Blue LED Cbz

72 hours
6-31 6-34

t-Bu 50% Yield

6-33

Scheme 19 : - The 1,4-addition reaction using the photocatalyst Ir [dF (CF3) ppy]2 (dtbby) PFs 6-33.

While the 1,4-addition reaction shown in Scheme 19 was high yielding, a more economical organic
photocatalyst 1,2,3,5-tetrakis(carbazol-9-yl)-4,4-dicyanobenzene (4CzIPN) 6-37 was also considered
to replace the expensive iridium-based catalyst 6-33. To prepare the 4CzIPN catalyst, the following
reaction sequence was performed as shown in Scheme 20.3° Under basic conditions carbazole 6-36
attacks the electrophilic carbon atoms in 2,4,5,4-tetrafluorobenzene-1,3-dicarbonitrile 6-35 in SyAr
reactions, displacing fluoride anions forming the photo catalyst 4CzIPN 6-37 in 51% vyield.

e o F 00D
+ O — N N + Hy + NaF
6-35 6-36

6-37
51% Yield

Scheme 20 : - The synthesis of the organic photocatalyst 1,2,3,5-tetrakis (carbazol-9-yl)-4,4-dicyanobenzene 6-
37.

30



The same photoredox 1,4-addition reaction was then repeated under the same conditions, but the
iridium-based photocatalyst 6-33 was replaced with the organic photocatalyst 6-37 as shown in
Scheme 21. The desired product 6-34 was formed in a 50% yield, which was exactly the same yield as
the previous reaction shown in Scheme 19 using the iridium-based photocatalyst. As a result, the
photocatalyst 4CzIPN 6-37 was preferred as it is markedly cheaper.

(@)
8-37, K,HPO, J<
DMF (@)
\)k e —— 'S + CO,
Cbz

Blue LED
72 hours

O\

6-37

Scheme 21 : - The 1,4-addition reaction using the photocatalyst 1,2,3,5-tetrakis (carbazol-9-yl)-4,4-
dicyanobenzene 6-37.

The photoredox 1,4-addition reaction takes place upon the irradiation using a blue light emitting diode
(LED), causing the excitation of the photocatalyst [4CzIPN] 6-37 into its excited state 4CzIPN". Under
basic conditions the Cbz-protected amino acid forms the carboxylate ion, and when the carboxylate
reacts with the photocatalyst 4CzIPN" (which in its excited state is highly oxidising) a single electron
transfer (SET) reaction takes place to form a carboxyl radical, that spontaneously extrudes CO,. As a
result, the radical species 6-31a is formed which is expected to be a nucleophilic radical and upon
conjugate addition with tertiary butyl acrylate 6-32 a new carbon carbon bond is formed (6-34a). The
resulting alkyl radical is then reduced by the photocatalyst species [CzIPN] ~in a SET reaction forming
the 1,4-addition product 6-34 following protonation of the resulting anion and reforming the
photocatalyst 6-37 to allow the cycle to be repeated, as shown in Scheme 22.
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0 0 0
_ M~ XQ J<
E;CHJ\OH wo + H+ .l//o . \\/\)J\O
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N\Cbz N\Cb OH Cbz 6-32
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6-31a
-CO,
[4CzIPN] 0
¥ W
A O
N
Photoredox Cbz
[4CzIPN] Catalytic 6-34a
Cycle
SET followed by protonation
Blue LED [4CzIPN] Q J<
rt photo redox catalyst o)
6-37 4
“Cbz
6-34

Scheme 22 : - The photoredox catalytic cycle using the organic photocatalyst 6-37.

7.2.3  N-benzyloxycarbonyl deprotection

The compound 6-34 isolated from the 1,4-addition reaction was then deprotected to form the
secondary amine 6-35. This was achieved by performing a hydrogenolysis reaction on the protected
amine 6-34 catalysed using palladium on carbon. This results in the formation of toluene and the
carbamic acid intermediate which readily decarboxylates to yield the unprotected secondary amine
6-38 as shown in Scheme 23. At which point an El-building block was synthesised containing the
electrophilic carbonyl group and the internal nucleophile a secondary amine. The amine 6-38, was not
isolated but directly used in the next step of the reaction sequence.

Pd/C, H,
EtOH

(0] J<
co @cﬂ*k
N<
Cbz RT, 24 hours NH

Scheme 23 : - The hydrogenolysis of the protected amine 6-34 into the secondary amine 6-38.
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7.2.4  N-alkylation using 3-(Boc-amino) propyl bromide
The El-building block 6-38 was then reacted with the N building block 3-(Boc-amino) propyl bromide
6-39, in a nucleophilic substitution Sy2 reaction forming the precursor 6-40, as shown in Scheme 24.

o K,COs3 O
J< MeCN o
o + B~ " NHBoc —— \ =
NH 90 °C NN
6-38 6-39 24 hours 6-40
IE N 39% Yield

Scheme 24 : - N-alkylation reaction between the secondary amine 6-38 and the alkyl halide 6-39 forming the
product 6-40.

7.2.5 Dual tert-butyoxycarbonyl deprotection

The simultaneous cleavage of the carboxylic acid and amine protecting groups was achieved under
anhydrous acidic conditions using 4N HCl in dioxane, forming the compound 6-41. The final precursor
6-41 shown in Scheme 25 was not isolated but was used directly in a NICE reaction.

0 HCI in dioxane 0
J< Et,O o
0 o
N._~_ NHBoc RT N~ NH3 Cl
6-40 4 hours 6-41

Scheme 25 : - The simultaneous deprotection of a tert-butyl protected carboxylic acid and tert-butyl carbamate
protected amine.

7.2.6 Cascade ring expansion

A NICE reaction was then performed using precursor 6-41 forming the lactam 6-42, as shown in
Scheme 26. The decision to use the coupling agent T3P and not EDCI and HOBt was based upon the
previous research described in Section 7.0. The first step in the NICE reaction is the activation of the
carbonyl group in precursor 6-41 using the coupling agent T3P, forming the intermediate 6-41a. At
this point, it is assumed that the tetrahydroisoquinoline amine acts as an internal nucleophile,
attacking the activated carbonyl group. This results in a cascade sequence via the cationic 5-
membered intermediate 6-41b. The carbonyl group is then attacked by the primary amine and the
reaction proceeds via the zwitterionic fused cyclic intermediate 6-41c, before forming the 9
membered lactam 6-42, giving an impressive 83% yield.
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O T3P, DIPEA o \ \ \
OH CHCl; P P
of J O I 110
NN, RT NS —<__NH;
24 hours
6-41
O
NH
SO0
83% Yield B |
6-42 6-41c 6-41b

Scheme 26 : - The NICE reaction mechanism from the linear precursor 6-41 forming the medium-
sized lactam 6-42.

7.2.7 Repeating the reaction sequence using different amino acids

The same reaction sequence that resulted in the synthesis of lactam 6-42 was repeated using amino
acids 6-27, 6-28 and 6-29 previously shown in Figure 13. The first step required protecting the amine
group using CbzCl as shown in Scheme 27.

H
0 0 0
' O P NaOH
| + ¢ o — ~N  OH
I_:| H OH RT, 24 Hours, A )\
H,O:THF (3:1) S o
6-27 6-30 6-4;\©
67% Yield
o)
i i Na,CO
a0 0s OH
OH * CI)J\O —_— Q
M RT, 12 Hours N\H/O
6-28 6-30 H,0:1,4 dioxane o 6-44
(1:1) 95% Yield
o)
o o)
H\)}\ + Cl)J\o NaOH _  —N  oH
- OH /\© RT, 12 Hours >/*O\_®
H,0:1,4 di
6-29 6-30 2 3 1')oxa”e 6-45
' 46% Yield

Scheme 27 : - The benzyl chloroformate protection of the amines 6-27, 6-28 and 6-29.
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The Cbz-protected amines 6-43, 6-44, 6-45 and the commercially available Cbz-protected amine 6-46
were used in the next step of the reaction sequence. This involved a photo redox 1,4-addition
reaction with tert-butyl acrylate 6-32 as shown in Scheme 28.

H H
: 0 4CzIPN @_\_/g)
—( K;HPO,, DMF
B CO
~N OoH * \)J\ J< =N é T

I::i \CbZ Blue LED H be 0
6-43 6-32 72 hours 6_47
9% Yield
i 4CzIPN J<
OH O KzHPO4, DMF w
* + CO,
9. \)ko Blue LED N
Cbz
72 hours 6-48
6-44 6-32
67% Yield
Cbz O
4CzIPN
\ Cbz o)
N * | + CO
~ \)J\OH \)\ J< KzHPO4, DMF /N\/\)j\ok 2
Blue LED
6-45 6-32 72 hours 6-49
57% Yield
O Ir[dF(CF3)ppy], (dtbby)PFg
OJ{ K,HPO,, DMF O/\//(
N OH =+ \)J\ J< /% CO;
\Cbz Blue LED
646 6-32 72 hours 6 50
57% Yield

Scheme 28 : - The 1,4-addition reaction between the protected amines 6-43, 6-44, 6-45 and 6-46 and tert-butyl
acrylate 6-32.
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The products isolated from the photoredox 1,4-additions reactions 6-47, 6-48, 6-49 and 6-50 were
then deprotected in a hydrogenolysis reactions forming the El-building blocks 6-51, 6-52, 6-53 and 6-
54, respectfully. The El-building blocks weren’t isolated but directly reacted with the N-building
block 6-39 forming the linear precursors 6-55, 6-56, 6-57 and 6-58 as shown in Scheme 29.

24 hours

(0]
)< EtOH
(] _—
N. RT
Cbz
6

-48

Pd/C
H,
l{l o EtOH
Ve —_—
24 hours

Cbz RT
6-50 24 hours

/H\/\g/oj<

I e
WO
NH
6-54

Br” " NHBoc
6-39
K,CO3 (0]
MeCN H k
- . = (o)
90 °C2 —N
4 hours H “"\__NHBoc
6-55
Br/\/\NHBoo 36% Yield
6-39
KzCOS O
MeCN J<
> (0]
90 °C2 N NHBoc
4 hours N
6-56
Br/\/\NHBoc 60% Yield
6-39
NHBoc
K,CO5 o
MeCN ﬂ \’<
_—
(0]
90 °C2 N
4 hours |
6-57
Br/\/\NHBOC 19% Yield
6-39
K,CO3 (o)
MeCN /k
> (0]
90 °C2 N\/\/NHBoc
4 hours 6-58
86% Yield

Scheme 29 : - The hydrogenolysis of the compounds 6-47, 6-48, 6-49, 6-50 forming the unprotected amines
followed by an N-alkylation reaction with the N-building block 6-39.
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The tert-butyl ester and Boc amide groups, were simultaneously cleaved from the linear precursors 6-
55, 6-56, 6-57 and 6-58 under anhydrous acidic conditions using 4N HCl in dioxane and diethyl ether.
The intermediates 6-59, 6-60, 6-61 and 6-62 formed weren’t isolated but used directly in the NICE
reactions to form the lactams 6-63, 6-64, 6-65 and 6-66, respectfully shown in Scheme 30.

(0] HCI H
/k dioxane T3P, DIPEA = (o)
(0] CHCI; 4
RT \/\/NH

I

Et,O
—N E—— ~
4 " N\__NHBoc RT H
H 4 hours 24 hours 76% Yield
6-55 6-63
HCI
o) dioxane 0 o
J< Et,O T3P, DIPEA
0 —_— OH CHCl3 oy
RT
N NHBoc N NH-CI N
~ T 4 hours D ah i RT ~
24 hours 64% Yield
6-56 6-60 6-64
HCI 0
0 T3P, DIPEA o)
dioxane ~ CHCI
\N/\)J\OJ< Et,0 N/\)J\OH _ s NMNH
NHBoc RT NH;Cl 24 hours , .
4 hours Yield 65%
. . 6-65
6-57 Hel 6-61
2 k dioxane o T3P, DIPEA o
—_—
N._~_NHBoc RT N~ NH;Cl RT N\/\/NH
4 hours 24 hours i
Yield 76%
6-58 6-62 6-66

Scheme 30 : - The simultaneous deprotection of the tert-butyl protected ester and Boc amide groups, followed
by the NICE forming the lactams 6-63, 6-64, 6-65 and 6-66.
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7.2.8 Comparing the lactams synthesised by NICE

When comparing the five different lactams synthesised by NICE the consistent trend is the excellent
yield achieved by all the lactams shown in Figure 14. The highest yielding reaction afforded lactam 6-
42 in an exceptional 83% vyield. Notably, this is the highest yielding NICE reaction formed from a linear
precursor with a primary amine acting as the terminal nucleophile performed to date, when compared
with the lactams shown in Figure 14 and those previously produced via NICE.'® The lactams 6-42, 6-63
and 6-66 were formed in higher yield compared to the lactam 6-65, potentially indicating that cyclic
amines as the internal nucleophile favour the NICE reaction, compared to substrates based on linear
amines.

0 H 0
= o
H N\
83% Yield 76% Yield 64% Yield
6-42 6-63 6-64

o 1 i
N
AN~ NH N~ _NH
Yield 65% Yield 76%
6-65 6-66

Figure 14 : - The lactams synthesised by the same reaction sequence detailed in Section 7.2.

7.2.9 Future research into the synthesis of lactams by NICE

Based on the results shown in Figure 14, a proposed system that could be used to synthesise lactam
6-68 from the commercially available aniline 6-67 is summarised in Scheme 31. This starting material
was designed to exhibit a benzene ring fused to the pyrrolidine ring, based on the high-yielding NICE
reactions that formed the lactams 6-42 and 6-66. This system has not been tested to date and would
be an interesting example for future work. The use of an aniline as an internal nucleophile will most
likely hinder the NICE reaction due to the resonance stability of the amine making it less basic
compared to aliphatic tertiary amine. Yet it would be an interesting example that could be compared
to the other lactams shown in Figure 14 due to the structural similarities of the fused cyclic ring
systems.
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MTNCNHBoc NH

-

Scheme 31 : - The reaction scheme for that could be followed to perform future research into synthesising the
lactam 6-68.

7.3 An alternative approach to lactone synthesis

Research was then undertaken to synthesise lactones analogous to the lactams shown in Section 7.2.
The lack of research into the NICE of precursors with a primary amine as the terminal nucleophile,
makes it challenging to compare analogous lactones and lactams. The only published example is
shown in Scheme 32 in which the lactam 6-69 was formed in a significantly lower yield compared to
the analogous lactone 6-70. This is only one example but does shows significant promise in
synthesising the targeted lactones in high yield.?®

=
| T3P (1.5 equiv) =
SN DIPEA (1.85 equiv) “ | X
N 6-69 NH = 52% Yield
XH” ~Ph 6-70 O = 84% Yield
CHCl;, RT, Tx e o
HO™ 0

30 minutes

Scheme 32 : - The synthesis of an analogous lactam and lactone.
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7.3.1 N-alkylation with 3-bromopropan-1-ol

The El-building blocks shown in Figure 15, previously synthesised by the reaction sequence shown in
Section 7.2, were used to synthesise the target lactones. The reaction sequence using the El-building
block 6-38 will be focused on, but the same reaction sequence was followed for all the different El-
building blocks shown in Figure 13.

O 0
m \/\)K’<
6-38 6-53

Figure 15 : - The El-building block synthesised from the different amino acids shown in Figure 13.

A nucleophilic substitution Sy2 reaction was performed between the El-building block 6-38 and the N-
building block, bromopropan-1-ol 6-71. The linear precursor 6-72 crucial exhibiting an alcohol group
used as the terminal nucleophile enabling the synthesis of a lactone upon NICE.

o K,CO3 O
MeCN o
o) + B N YoH —— \ =4
NH 6.38 90 °C ~ N

6-71 24 hours 6-72
El N 82% Yield

Scheme 33 : - The N-alkylation reaction between the El-building block 6-38 and the N-building block 6-71.
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7.3.2 tert-Butyl protecting group cleavage

The cleavage of the tert-butyl protecting group was achieved under anhydrous acidic conditions using
4N HCl in dioxane and diethyl ether. As a result, the carboxylic acid group was deprotected forming
the compound 6-73 as shown in Scheme 34. The carboxylic acid 6-73 was not isolated but transferred
straight into the NICE reaction.

HCI
0 J< dioxane O
WO Et0 OH
I OH
N\/\/OH RT '\ll\/\/
3 hours -Cl H
6-72 6-73

Scheme 34 : - The cleavage of the tert-butyl protecting group forming the precursor 6-73.

7.3.3 The NICE reaction to form the lactone 6-74

The NICE reaction of the linear precursor 6-73 was performed initially by following the same reaction
conditions used to synthesise the lactams shown in Figure 14, referred to as procedure A. The lactone
6-74 was synthesised, but only in a 29% vyield, which is significantly lower than the analogous lactam
6-42 that proceeded in 83% yield. As a result, different NICE conditions were tested to determine if
the reaction yield could be improved. Subsequently the alternative coupling agents EDCI and HOBt
were used to synthesise the lactone 6-74 in procedure B. This proved to be marginally beneficial,
increasing the yield of lactone 6-74 to 38%. The temperature of the NICE was then increased from
room temperature to 50 °C as shown in procedure C, which resulted in no increase in yield (37%).
However, the yield of lactone 6-74 still remained significantly lower than the analogous lactam 6-42.
No more optimisation was attempted in this study, and further research is required to determine if
the yield of the lactone 6-74 can be increased further.

Procedure A
T3P (1.5 equiv)
DIPEA (1.85 equiv) 0

Q CHCI3, RT, 16 hours
oH WO
Ni/\/OH Procedure B at RT et
H A) 29% Yield

~Cl Procedure C at 50 °C B) 38% Yield
EDCI (1.5 equiv) °) 370/" Viold
HOBT (1.3 equiv) 0
6-73 DIPEA (7.0 equiv) 6-74
DMF, 16 hours

Scheme 35 : - The NICE of the precursor 6-73 to synthesise the lactone 6-74.
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The same reaction sequence detailed in Section 7.3 was repeated using the different El-building blocks
6-51, 6-52 and 6-53. As shown in Scheme 36 this involved different N-alkylation reactions between
the El-building blocks and the N-building block 3-bromopropan-1-ol 6-71 forming the compounds 6-
75, 6-76 and 6-77. The cleavage of the tert-butyl protecting group was achieved under anhydrous
acidic conditions using 4N HCI in dioxane and diethyl ether before performing the NICE reaction
forming the lactones shown in Scheme 36.

B " 0K i) HCI

K,CO4 O J< dioxane, Et,0 H o
k MeCN . o RT, 3 hoursm
O — N
90 °C ii) NICE 2 o

24 hours H \/\/OH A) Procedure A H N

B) Procedure B A) 14% Yield
57% Yield : B) 16% Yield

Br” " 0H 6- 75 i) HCI 6-78
K>CO3 dioxane, Et,O

6-51
(0] 0]
J< MeCN RT, 3 hours
° 90 °C NICE 0
NH 24 hours N\/\/OH N~

Procedure A

Yield 52% ) Procedure B A) 5% Yield
B) 25% Yield
6-52 6-76 . 6-79
Br/K\Cg\OH O di ) HClEt 0
2CO3 ioxane, Et,
Q MeCN ~ /\)J\ J< RT, 3 hours MO
\N/\)J\O 4>° N (@) A
N 90 °C Lo~ iyNICE N0
24 hours , O"l A) Procedure A o
Yield 60% B) Procedure 8 A) 0% Yield
6-53 6-77 6-80

Procedure A : T3P (1.5 equiv), DIPEA (1.85 equiv), CHCI3, RT, 16 hours
Procedure B : EDCI (1.5 equiv), HOBT (1.3 equiv), DIPEA (7.0 equiv), DMF, RT, 16 hours

Scheme 36 : - The N-alkylation of the El-building blocks 6-57, 6-58 and 6-60 with the N-building block 6-73,
followed by tert-butyl deprotection and NICE by two different procedures.

The NICE reaction conditions that proved so effective in synthesising the lactams described in Section
7.2 were used to synthesise the lactones shown in Scheme 36, referred to as procedure A. All the
lactones however were formed in a considerably lower yield compared to their analogous lactams.
The NICE of the linear precursor 6-77 was unsuccessful unable to observe the formation of the lactone
6-80 via thin layer chromatography nor isolated after flash column chromatography.

The NICE procedure B was also used to synthesise the lactones 6-78 and 6-79, and in both instances
the yield did increase compared to procedure A, albeit by a relatively small degree. The change in
procedure caused the lactone 6-79 to achieve a 25% yield, which was the largest increase. A moderate
increase in yield when compared to the 5% yield achieved using procedure A. Whereas comparing
procedure A and B when synthesising the lactones 6-74 and 6-78 a minor increase in yield was
achieved. When attempting the synthesis of lactone 6-78 by following procedure B, the formation of
dimer 6-82 was also observed, highlighting the relative inefficiency of the NICE reaction in this case,
given that NICE is designed to avoid intermolecular coupling. This reaction was also repeated at
increased dilution in an attempt to reduce the competing intramolecular dimerization, yet lactone 6-
78 was formed in similar yield to the previous NICE under typical conditions shown in Scheme 37.
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Procedure A
T3P (1.5 equiv) 0 Hi

DIPEA (1.85 equiv) O/_\—N

(0] "/H |_1
= CHCI3, RT, 16 hours c
N OH R + —N
Thhes WO
|f| H \/\/9 2 Procedure B H, N o (@)
e EDCI (1.5 equiv) ,,,H_\_/ Y
HOBT (1.3 equiv) o v o
DIPEA (7.0 equiv) A) OQYIeId A) 140/0 Yield
DMF, RT, 16 hours B) 13% Yield B) 16% Yield
6-81 6-82 6-78

Scheme 37 : - The competing intramolecular NICE and intermolecular dimerisation of 6-81.

In summary different El-building blocks were developed to introduce a carbonyl electrophilic group
and an alkyl tertiary amine internal nucleophile into a linear precursor. Different N-building blocks
could then be used to introduce either an alcohol or a primary amine as the terminal nucleophile.
Therefore, an El + N retrosynthetic approach was used to synthesise linear precursors and upon NICE
analogous lactones and lactams were then formed successfully, as shown in Figure 16. By following
the same NICE reaction conditions, lactams were synthesised in excellent yield with the lactam 6-42
achieving the highest yield at 83%. Alternative NICE reaction conditions were tested in an effort to
improve the yield of the lactones, which resulted in a marginal improvement in yields. Nevertheless,
the research undertaken highlighted an ElI + N retrosynthetic approach to synthesising linear
precursors, that upon NICE formed novel analogous lactones and lactams. Future research should
focus on synthesising the lactone 6-83, to complete the trend in synthesising analogous lactams and
lactones.

L A
NH mH NH N NH
N~ H N
A) 83% Yield A) 76% Yield 64% Yield 65% Yield Yield 76%
6-42 6-63 6-64 6- 65 6-66
@CM m CM PN I Wy
A) 29% Yield 14% Yield A) 5% Yield A) 0% Yield Future research
) 38% Yield ) 6% Yield ) 25% Yield
C) 37% Yield
6-74 6-78 6-79 6-80 6-83

Figure 16 : - Comparing analogous lactones and lactams synthesised following the same NICE reaction
conditions.
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7.4 The IN + E approach to synthesising precursors

A major challenge when synthesising medium-sized rings by NICE is how to efficiently synthesise the
linear precursor. When following a retrosynthetic approach to synthesising linear precursors for NICE,
the disconnection of the precursor can be performed in different ways, depending on what key
moieties are separated or combined into molecules. For example, the precursors that formed the
lactones and lactams previously shown in Sections 7.2 and 7.3 were deconstructed as shown in Figure
17.

The terminal nucleophile was isolated into one molecule 6-39 or 6-71 referred to as a N-building block.
The electrophilic carbonyl group and the internal nucleophile a secondary amine, were combined into
molecule 6-38, referred to as an El-building block. The only major drawback to this El + N approach is
the number of reaction steps that are required to synthesise the El-building block, in this case 6-38.

0]
Saponlﬂcatlon
XH
N»/\/ N~

) NICE
X =N 6-40 or O 6-72 X =N 6-42 or O 6-74

Retrosynthesis X/ \X

e
©C(\)J\ X~ "By
6-38 X = NBoc 6-39 or O 6-71

Figure 17 : - The El + N retrosynthesis approach forming the precursors 6-40 and 6-72.

An alternative retrosynthetic approach to synthesising the NICE linear precursor is shown in Scheme
38. In this approach, the internal and terminal nucleophilic groups are both present in a single
molecule referred to as an IN-building block. The electrophilic carbonyl group is isolated in another
molecule referred to as an E-building block. The precursor 6-84 was synthesised by reacting the two
building blocks together in a Suzuki coupling reaction. The ester 6-84 was then hydrolysed followed
by the NICE, forming the lactone 6-85, in an efficient three-step reaction sequence.
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Retrosythesis Z/ \S T i) Suzuki
IN E
o. .0
B

OH

X
~
Br N

Ph

I) KH2PO4, PdC'z(dppf)CHzClg, N2,
THF/H50, 80 °C, 18 hours

i) THF, LiOH (5q), RT, 16 hours

i) T3P, DIPEA, CHCI5, RT, 30 minutes

N

Scheme 38 : - The reaction sequence and IN + E retrosynthetic approach to synthesising the precursor 6-84
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7.4.1 Different IN-building blocks
The research detailed in this section describes an alternative IN + E retrosynthetic approach for the
synthesis of linear precursors, as summarised in Scheme 39.

1 >\ 4
R i) Saponlflcahon R

HOM)\ \\/Y iii) NICE ~ R? J

R?
Retrosynthe&s/ x T i) N-alkyation

R1

HOM)\NRe'H Br\//% —

R2
Scheme 39 : - The general IN + E retrosynthetic approach to synthesising a precursor for NICE.
A diverse array of commercially available amino alcohols can be used as IN-building blocks enabling a
variety of medium-sized rings ranging in size and functionality to be synthesised. Methyl 2-

(bromomethyl) benzoate was initially used as the E-building block due to the success previously shown
in Scheme 38 that utilised a sp2 rich E-building block.
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The amino alcohol 6-86 was the first compound used as an IN-building block reacted with the E-
building block 6-1 in an Sn2, N-alkylation reaction. The linear precursor 6-87 was formed in 79% yield
as shown in Scheme 40.

K,CO3 (3 equiv) o

MeCN (0.4 M) o
O/ 90 °C, 1 to 3 hours

OH

QJ + Br
N OH

IN E 79% Yield
6-86 6-1 6-87

0]

ZT

Scheme 40 : - The N-alkylation reaction between the IN-building block 6-86 and the E-building block 6-1.

The ester 6-87 was then hydrolysed into the carboxylic acid 6-88 and taken directly onto the NICE
reaction without purification, which afforded the desired lactone 6-89 in an excellent 91% yield over
the 2-step sequence, as shown in Scheme 41.

O T3P, DIPEA,

LiOH
o~ MeOH ., CHCIoRT
50 °C Ar, 1 hour /up
91% Yield
6-87 6-88 6-88b 6-89

Scheme 41 : - The ester hydrolysis of the compound 6-87 followed by the NICE of the compound 5-88, forming
the lactone 6-89.

With a simple but effective route in place, a range of commercially available amino alcohols were then
tested instead of the IN-building block 6-86 in the same three-step reaction sequence shown in
Scheme 39. The abundance of commercially available amino alcohols that can be used as IN-building
blocks a variety of medium-sized rings were synthesised as shown in Scheme 42. The amino alcohols
were chosen to have dual reactivity at opposite ends of the molecule, with the amine expected to be
much more nucleophilic compared to the alcohol. As a result, the more reactive amine takes part in
the Sn2 nucleophilic substitution reaction with the E-building block, synthesising the linear precursor
with an alcohol as the terminal nucleophile and subsequently upon NICE a lactone is formed.

When comparing the different lactones shown in Scheme 42 a few trends can be observed. For
example, the lowest yielding lactones 6-106 and 6-107 were both from a linear precursor 6-94 and 6-
95, respectfully exhibiting a secondary alcohol and an amine substituted with a methyl group.
Whereas the other lactones that achieved a higher yield were all synthesised from precursors with a
primary alcohol group as the terminal nucleophile and larger alkyl substituents on the amine group.
Unsurprisingly when comparing the analogous 8 and 9-membered lactones 6-106 and 6-107,
respectfully the more strained 8-membered lactone 6-107 achieved a lower yield compared to with
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the 9-member lactone 6-106. This trend was also observed when comparing the analogous 9 and 10-
memberd lactone 6-102 and 6-103, respectfully.

©/\”/\/\/0H
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87% Yield DIPEA
6.97 CHCI3 RT, Ar
0 24 hours
~
O i) LIOH, MeOH
50 °C
N OH ||) T3P
DIPEA
-~ CHCI3 RT, Ar
94% Yield 24 hours
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P i) LIOH, MeOH
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85% Vield CHCI3 RT, Ar
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o
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63% Yield
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43% Yield
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34% Yield
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Scheme 42 : - The N-alkylation reaction between different IN-building blocks and the E-building block 6-1,

followed by the ester hydrolysis and NICE to form a range of structurally diverse lactones.
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7.4.2 Different E-building blocks

Developing different E-building blocks was the next logical progression for this research. The IN-
building blocks chosen to react with the different E-building blocks developed, are shown in Figure 18.
These IN-building blocks were chosen as they are significantly different in structure and worked well
when compared to the other amino alcohols in the reaction sequences summarised in Scheme 39.

H H
N A~ ~_0OH N

OH
6-86 6-90 6-92

Figure 18 : - The IN-building blocks chosen to react with different E-building blocks.

The first E-building block developed was methyl 2-(2-(bromomethyl)phenyl)acetate 6-109 synthesised
by a Wohl-Ziegler bromination reaction3! shown Scheme 43. This involves the benzylic bromination of
methyl 2-(o-tolyl) acetate 6-108 using N-bromosuccinimide (NBS), which is used as a source of
bromine radicals and azobisisobutyronitrile (AIBN) to initiate the reaction by forming radicals upon
thermal homolysis.

NBS, AIBN
MeCN, 82 °C, Ar,
O i 3 )
~ 2 hours SN
o) " 0
Br
E
28% Yield
6-108 6-109

Scheme 43 : - The Wohl-Ziegler bromination of methyl 2-(o-tolyl) acetate 6-108.

By following the reaction sequence shown in Scheme 39 starting IN-building blocks 6-86, 6-90 and 6-
92 and the E-building block 6-109, the lactones shown in Scheme 44 were synthesised. Methyl 2-(2-
(bromomethyl) phenyl) acetate 6-109 has an additional carbon atom separating the benzene ring from
the carbonyl group, compared to the previous E-building block 6-1. As a result, the lactones 6-113, 6-
114 and 6-115 are larger in ring size by an additional carbon atom compared to the lactones 6-89, 6-
102 and 6-104.
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~N
0
H i) LIOH, MeOH o
N OH 6109 _ 1 09 50 °C
OH . N
K,COs, MeCN, Q_J ii) T3P
90 °C, 3 hours DIPEA
43% Yield CHCI; RT, Ar 63% Yield
6-86 O\ 6-110 24 hours 6-113
0
i) LIOH, MeOH o
OH 50 °C
©/\N/\/\/ 6 109 > N
H ii) T3P
KoCO3, MeCN, QlPE’A
90 °C, 3 hours 2% Yield CHOL RT A 35% Yield
6-90 6-111 3 RLAr 6-114
O\ 24 hours
o}
H i) LIOH, MeOH
N OH _ 6-109 109 50 °C 0
QN K,CO3, MeCN, ii) T3P N
90 °C, 3 hours DIPEA
. CHCl3 RT, Ar 79 Yiold
52% Yield 24 hours o Yie
6-92 6-112 6-115

Scheme 44 : - The N-alkylation reaction between the IN-building blocks 6-86, 6-90 and 6-92 and the E-building
block 6-109, followed by the ester hydrolysis and NICE forming the lactones 6-113, 6-114 and 6-115.

Methyl 2-(bromomethyl) nicotinate 6-117 was the next E-building block developed, again synthesised
by a Wohl-Ziegler bromination reaction3! as shown in Scheme 45. The poor yielding of E-building block
6-177 was partly due to the reaction not reaching completion. This could have been improved by
increasing the reaction time and introducing more radical initiator throughout the reaction to ensure
radicals were still being formed. The purification of compound 6-117 was challenging due to the
formation of the dibrominated species that exhibited a similar retention factor to the mono
brominated compound 6-117.

o NBS, AOIBN o
CGHG! 85 C, Ar,
AN o~ 24 hours | X o~
oz Br
N/ N
E

19% Yield

6-116 6-117

Scheme 45 : - The Wohl-Ziegler bromination of methyl 2-methylnicotinate 6-116 forming the E-building block
6-117.
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Each individual IN-building blocks 6-86, 6-90 and 6-92 were reacted with the E-building block 6-117
forming the linear precursors 6-118, 6-119 and 6-120, respectfully. Individual ester saponification
reactions was then performed followed by NICE reactions forming the lactones 6-121, 6-122 and 6-
123, respectfully shown in Scheme 46.

0
~
] ° 0 0
’ 7 Br _ o i) LIOH, MeOH 7\
N OH | 50 °C _
Q_J 6-117 o \
_— —_—T
K2COs, MeCN i oH i) T3P N
2 3 ) N
90 °C, 3 hours DIPEA
CHCI3 RT, Ar
84% Yield 24 hours 79% Yield
6-86 0 6-118 6-121
X o/ 0
| _ o o)
NT BT | i) LIOH, MeOH “
° o)
OH 6-117 SN 50°C C |
N s . )
©/\H > N/\/\/OH - N
K,CO3, MeCN,
90 °C, 3 hours 47% Yield DIPEA 7% Vield
6-90 0 6-119 CHCI3 RT, Ar 6-122
24 hours
| X o~ Q O
= ~
H N" B | © i) LIOH, MeOH o =
N OH 6-117 SN 50 °C S
— —_— N N
QN K,CO3, MeCN, N OH ii) T3P
90 °C, 3 hours DIPEA
CHCI; RT, Ar .
55% Yield ) 43H0urs 76% Yield
6-92 6-120 6-123

Scheme 46 : - The N-alkylation reaction between the IN-building blocks 6-86, 6-90 and 6-92 and the E-building
block 6-117, followed by the ester hydrolysis and NICE forming the lactones 6-121, 6-122 and 6-123.

The pyrazine E-building block 6-125 was synthesised again by a radical bromination reaction, but 2,5-
dibromo-4,4-dimethylcyclopentane-1,3-dione was used as a source of bromine radicals instead of NBS
as shown in Scheme 47. To decision to use an alternative source of bromine radical was chosen due
to the reaction being patented an claimed to achieve an excellent yield.3?

sl

6-124

0]

AIBN [

CgHsCF3, 105 °C,
Ar, 24 hours

Br

42% Yield
6-125

Scheme 47 : - The radical bromination of methyl 3-methylpyrazine-2-carboxylate 6-124, forming the E-building
block 6-125.
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Again, each individual IN-building blocks 6-86, 6-90 and 6-92 were reacted with the E-building block
6-125 to form the linear precursors 6-126, 6-127 and 6-128, respectfully. Individual ester
saponification reactions were performed before NICE reactions to synthesise the lactones 6-129, 6-
130 and 6-131 shown in Scheme 48.

N
[ ﬁO/ ) LiOH, MeOH 9 N
_ | e
H N Br s0°C o \\>
N OH 6-125 =N
w - ||) T3P
w N

K,CO3, MeCN, DIPEA
90 °C, 3 hours CHCI; RT, Ar 67% Yield
79% Yield 24 hours 7% Yie
6-86 (e 6 126 6-129
~
Sug o
NT B ) LIOH, MeOH = Ny
o OH 6-125 o 50°C CN | /]
H N/\/\/ i) T3P N
K,CO3, MeCN,
90 °C, 3 hours 71% Yield DIPEA 47% Yield
6-90 6 127 CHCI3 RT, Ar 6-130
(6] 24 hours

[Njij\O/

Pz Br

H N ) LiOH, MeOH

N OH 6-125 50 °C /7
D ——
Q/\/ K,COq. MOON. Q/\/ ii) T3P

90 °C, 3 hours DIPEA
58% Yield CH2C4'3hRT Ar 86% Yield
6-92 6-128 ours 6-131

Scheme 48 : - The N-alkylation reaction between the IN-building blocks 6-86, 6-90 and 6-92 and the E-building
block 6-125, followed by the ester hydrolysis and NICE forming the lactones 6-129, 6-130 and 6-131.

Quinoline is prevalent in many medicinal compounds that exhibit antimalarial,®® 3% anti-
inflammatory® and antibacterial®® properties. Therefore, the E-building block 6-136 was synthesised,
to show how a medium-sized ring can be synthesised with a quinoline moiety incorporated into the
molecular structure. Methyl 2-methylquinoline-3-carboxylate 6-135 was first synthesised by
selectively oxidising the benzylic alcohol of 6-132 into 2-aminobenzaldehyde 6-133. A Friedlander
synthesis®” then took place between 2-aminobenzaldehyde 6-134 and methyl acetoacetate 6-133
forming the quinoline derivative 6-135 as shown in Scheme 49.

Mn02 O
OH EtOH -2H,0 = o~
g8 Yy - ()
NH, 80 °C N
4 hours
6-132 6-133 6-134 6-135

Scheme 49 : - The selective benzylic alcohol oxidation followed by a Friedldnder synthesis, forming the
quinoline derivative 6-135.
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A Wohl-Ziegler bromination reaction®! was then performed on the quinoline derivative 6-135 forming
both the mono and di brominated compounds 6-136 and 6-137 as shown in Scheme 50. The mono
brominated quinoline derivative 6-138 was however successfully isolated following chromatography

to be used as an E-building block.

NBS, AIBN 0
O C6H6v 85 oC, Ar,
24 hours - = -
- | X \N Br
N N
E Br
39% Yield 37% Yield
6-135 6-136 6-137

Scheme 50 : - The Wohl-Ziegler bromination of 6-135 forming the mono and di brominated quinoline

derivatives 6-136 and 6-137.

Each individual IN-building blocks 6-86, 6-90 and 6-92 were reacted with the E-building block 6-136
to form the linear procurers 6-138, 6-139 and 6-140, respectfully. Individual ester saponification
reactions were performed followed by a NICE reaction forming the lactones 6-141, 6-142 and 6-143

as shown in Scheme 51.

0
X O/
| _ Br i) LIOH, MeOH
H N = 50 °C
N OH 6-136 | —
w g N ii) T3P
K,CO3, MeCN, N OH DIPEA
90 °C, 3 hours I/\)4 CHC|3 RT, Ar
24 hours .
63% Yield 90% Yield
6-86 6-138 6 141
©\/ﬁ i) LIOH, MeOHC )\‘:(\/Q
©/\N/\/\/OH 6 136 50 °C
H T3P
K,COs, MeCN, ”)
90 °C, 3 hours DIPEA
93% Yield CHCI; RT, Ar 64% Yield
6-90 6- 139 ' 6-142
iji 24 hours
H i) LiOH, MeOH
N _ 6136 50 °C
Q/V K,CO3, MeCN, OH TiyTap
90 °C, 3 hours DIPEA
90% Yield CH2C4'3h§uTrSAr 85% Yield
6-92 6-140 6-143

Scheme 51 : - The N-alkylation reaction between the IN-building blocks 6-86, 6-90 and 6-92 and the N-building
block 6-136, followed by ester saponification and NICE to form the lactones 6-141, 6-142 and 6-143.
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All the analogous lactones synthesised from the different E-building blocks and the three IN-building
blocks 6-86, 6-90 and 6-92 are shown in Figure 19. All the NICE reactions that formed the lactones
shown in Figure 19 typically achieved a moderate to high yield with the exception of the lower yielding
lactones 6-114 and 6-130, both synthesised from the IN-building block 6-90. Besides this there are no
obvious or consistent trends when comparing the structures and yields of the analogous lactones.

pobodoldiched

91% Yield 78% Yield 71% Yield 63% Yield 35% Yield 77% Yield
6-89 6-102 6-104 6-113 6-114 6-115
O

TC%&%&J}”C%J g

79% Yield 67% Yield 76% Yield 67% Yield 47% Yield 86% Yield
6-121 6-122 6-123 6-129 6-130 6-131
: =N N Z N/
: N N N :
. N .
:  90% Yield 64% Yield 85% Yield
P 6141 6-142 6-143 :

Figure 19 : - All the analogous lactones synthesised from the IN-blocks 6-86, 6-90 and 6-92 and different E-
building blocks.
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7.4.3 Lactams synthesised by the IN + E approach

The majority of medium-sized rings synthesised by the IN + E approach shown in Section 7.4 were
lactones. To synthesise lactams by the IN + E approach shown in Scheme 39 a diamine needs to be
used as the IN-building block. To ensure that only one product was formed upon the N-alkylation
reaction, between an unsymmetrical diamine and an E-building block, the diamine needed to be
composed of two amines with different nucleophilicities. As a result, the IN-building block 6-143 was
chosen, due to exhibiting a secondary amine, which is likely to be much more nucleophilic compared
to the resonance stabilised aniline group. The N-alkylation reaction conditions did however have to
be optimised, to ensure both amines did not react with the E-building block 6-1 and form compound
6-145, as shown in Scheme 52; a mixture of products was obtained using the standard conditions, but
the desired product 6-144 was formed selectively when the alkylation reaction was performed at room
temperature.

o 0
A) K,COa3, \O
HN/ MeCN, —0
e) 90 °C, 1.5 hours
or NH
+ O/ NH
NH N
Br B) KyCOs3, o)
MeCN, HN o N
RT, 5 hours
IN E
6-143 6-1 6-144 6-145
A) 40% Yield A) 35% Yield
B) 99% Yield B) 0% Yield

Scheme 52 : - The N-alkylation reaction between the diamine IN-building block 6-143 and the E-building block
6-1 to form the desired product 6-144.

Once the NICE precursor 6-144 was successfully synthesised the same reaction conditions that
synthesised the lactones shown in Section 7.4 were followed. This involved the ester saponification
forming the intermediate 6-145 followed by the NICE reaction forming the lactam 6-146, as shown in
Scheme 53.

0 0
o HO
T3P, DIPEA Q o
LiOH, MeOH CHCI5, RT
NH 50 °C, 4 hours NH Ar, 16 hours N
j _ I &
HN HN N
|
75% Yield
6-144 6-145 6-146

Scheme 53 : - The ester hydrolysis of 6-144 followed by the NICE of 6-145 forming the lactam 6-146.
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The lactam 6-148 was also synthesised by replacing the E-building block 6-1 with the quinoline E-
building block 6-136 as shown in Scheme 54. The reaction scheme starts with an N-alkylation reaction
forming the ester 6-147. An ester saponification reaction was performed forming the carboxylic acid
6-147b, which wasn’t isolated but immediately subject to the NICE reaction conditions to form the
lactone 6-148.

o) , T3P, DIPEA
LiOH '
(aq) o) CHCI3, RT Q O
"o o THF, 50 °C Ar 163r;ours ==
| _ 4 hours HO X ’ N
N ST ) |/
N N
- N
1 N 1
NH 35% Yield I 56% Yield
NH

6-147 6-147b 6-148

K2003, MeCN T
Ar, RT, 5 hours

/
HN (0]
+ | 5
~
IN E
6-143 6-136

Scheme 54: - The N-alkylation reaction between the 6-143 and 6-136, followed by the ester hydrolysis and
NICE forming the lactam 6-148.
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7.4.4  Limitation of this IN + E approach to medium-sized ring synthesis

Not all amino alcohols were successfully used as IN-building blocks in the synthesis of linear precursors
for NICE. For example, the amino alcohol adrenaline 6-149, a hormone that is crucial to the fight-or-
flight response within the human body,* was tested as an IN-building block, as shown in Scheme 55.
However, upon reacting with the E-building block 6-1 the undesired doubly and triply alkylated
products were formed and not the desired product 6-150. The structure of the doubly alkylated
product 6-151 shown in Scheme 55 was proposed due to a secondary alcohol being more nucleophilic
compared to the resonance stabilised phenol group. Whereas the triply alkylated product was likely
alkylated on a phenol group, although the exact one is unclear. The most likely explanation for the
outcome of the reaction was due the insolubility of the adrenaline 6-149, observed during the
reaction. As a result, the E-building block 6-1 was in excess compared to adrenaline 6-149 causing the
formation of the products 6-151 and 6-152. Future research could be undertaken to perform the N-
alkylation reaction trying alterative solvents to try to resolve this problem.

OH
OH
>N
OH
o)
6-150
Y O 0% Yield
OH
“10OH 0 K,CO3, MeCN
Ar, 90 °C, N OH
+ o/ 5 hours 0
Br O
o)
HO OH O/
IN E O
6-149 6-1 6-151
19% Yield
o)
>N OH O <|3
o)
o)
o)
O/
O\
6-152
18% Yield

Scheme 55: - The N-alkylation reaction between the IN-building block Adrenaline 6-149 and the E-building
block 6-1, forming the undesired products 6-151 and 6-152.
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7.4.5 Alternative terminal nucleophiles to synthesise lactones by NICE
Currently research into the synthesis of lactones by NICE has solely been achieved using linear
precursors with an aliphatic alcohol as the terminal nucleophile. To progress the scope of compounds
synthesised by NICE the precursors 6-154 was synthesised by the N-alkylation reaction between the
IN-building block 6-153 and the E-building block 6-1 as shown in Scheme 56.

ey

IN E
6-153 6-1

Scheme 56 : - The N-alkylation reaction between the IN-building block 6-153 and the E-building block 6-1.

@

O———
71% Yield
6-154

K,CO3, MeCN
Ar, 90 °C,

The precursor 6-154 has a phenol group acting as the terminal nucleophile, which has previously not
yet been utilised in a NICE reaction. An ester hydrolysis reaction was then performed forming the
carboxylic acid 6-156 followed by a NICE reaction. The lactone 6-157 however was not formed via the
intermediate 6-156b upon the ring expansion mechanism shown by the blue curly arrows in Scheme
57. The reaction however proceeds by the proposed mechanism shown by the red curly arrows
resulting in the cleavage of a o-cresol derivative stabilising the quaternary amine to form the
indolinone derivative 6-158. Further research is required into this proposed mechanism, achieved by
determining if a derivative of or o-cresol is formed achieved by taking samples of the reaction mixture

for NMR analysis.

HO,
Q @ Q )
LIOH (aq) N DIPEA
MeOH/H,0 CHClj
B ——— (2) R ——
50 °C RT
O™ 4 hours OH Ar
16 hours
6-154 6-156

O
(@)

N

@&/Yield

— 6-157

6-156b
N

79% Yield
6-158

Scheme 57 : - The NICE of the precursor 6-155, forming the undesired product 8-158.
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To prevent the cleavage of the o-cresol group and enable a successful NICE reaction, future research
could focus on the synthesis of the precursor 6-160 as shown in Scheme 58. By introducing an
additional carbon atom between the phenol and the amine group, resonance between the two-groups
would be prevented. The NICE reaction could then take place and potentially ensure the first NICE of
a precursor with a phenol group as the terminal nucleophile, forming the lactone 6-161.

0]
4 i) Ester-hydrolysis ©
N —_— N
i) NICE
O———
6-160 6-161
N-alkylation
O
OH -~
+ @]
Br
NH
IN E
6-159 6-1

Scheme 58: - Future research synthesising the lactone 6-161.
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8 Conclusion

Medium-sized rings are often found in small molecules with desirable medicinal and therapeutic
properties.” ® Yet compounds containing medium-sized rings are largely underrepresented in
pharmaceuticals and drug discovery libraries due to the challenges associated with synthesising them
by end-to-end cyclisation.® As a result, a better approach to medium-sized ring synthesis is required,
which was a major motivator for the development of NICE in this Master’s research project.

This project has progressed research into NICE in a number of important ways, generating novel
synthesis methods for medium-sized lactones and lactams via NICE. The initial research focused on
synthesising precursors by an IE + N retrosynthetic approach, in which precursors were designed to
include an aliphaticamine as the internal nucleophile and a primary amine as the terminal nucleophile.
Following the NICE reaction, 9-membered lactams were formed in good to excellent yields. Lactones
were also synthesised from similar precursors by following the same IE + N retrosynthetic approach,
albeit in lower yields compared to their analogous lactams. The reason for this is unknown, and was
somewhat surprising given that lactones have been synthesised by NICE in high yields in previous
research, while lactam-forming NICE reactions were expected to be more difficult. This highlights that
trends apparent in one substrate series do not necessarily manifest in others. Changes to the NICE
reaction conditions were made, aiming to improve the yield of the lactones synthesised, but only
marginal improvements in yield were achieved. In total 9 novel medium-sized rings were made using
this approach shown in Figure 20.

WNH m CM NH N\/\/NH
\/\/ H
A) 83% Yield A) 76% Yield 64% Yield 65% Yield  A) Yield 76%
6-42 6-63 6-64 6-65 6-66
o
QCM m CM NP
H
A) 29% Yield
A) 14% Yield A) 5% Yield
o, )
) 38% Yield B) 16% Yield B) 25% Yield ) 0% Yield

C) 37% Yield
6-74 6-78 6-79 6-80
NICE reaction conditions
A): T3P (1.5 equiv), DIPEA (1.85 equiv), CHCI3, RT, 16 hours
B) RT and C) 50 °C: EDCI (1.5 equiv), HOBT (1.3 equiv), DIPEA (7.0 equiv), DMF, 16 hours

Figure 20 : - The lactams and lactones synthesised by the IE + N retrosynthetic approach.

The alternative IN + E retrosynthetic approach was then used to synthesise linear precursors to enable
the formation of medium-sized lactones and lactams by NICE. The approach utilised commercially
available amino alcohols as the IN-building blocks, introducing the internal and terminal nucleophile
into the linear precursor. Different E-building blocks were also developed introducing the electrophilic
carbonyl group into the linear precursor. This approach was very successful, with a range of lactones
and lactams successfully synthesised, predominantly in good to excellent yield, varying in size and
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functionality, by a very effective and straightforward three-step reaction sequence. In total 21 novel
medium-sized rings were made using this approach shown in Figure 21 .
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Figure 21 : - All the lactones and lactams synthesised by the IE + N retrosynthetic approach.
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10 Experimental data
Methyl 2-((ethyl (3-(ethyl amino) propyl) amino) methyl) benzoate (6-3)

(0]
@iﬁ/ :
NN N
N

To a stirring solution of N,N'-diethyl-1,3-propanediamine (6-2) (0.260 g, 2.00 mmol) in acetonitrile
(5.00 mL) under argon, potassium carbonate (0.690 g, 5.00 mmol) was added. Methyl 2-
bromomethylbenzoate (6-1) (0.229 g, 1.00 mmol) was then added and the reaction mixture was
heated at reflux at 90 °C for 3 hours under argon. The reaction was cooled to room temperature before
it was filtered through Celite, washed with acetonitrile (200 mL), concentrated under vacuum and
purified via flash column chromatography (17:2:1 ethyl acetate:methanol:triethylamine) to afford the
title compound as a colourless oil (114 mg, 41%); R = 0.33 (17:2:1 ethyl
acetate:methanol:triethylamine); vma/cm™ (thin film) 2968, 2807, 1722, 1434, 1371, 1262, 1190,
1127, 1082, 1045, 967, 737; 64 (400 MHz, CDCl3) 7.72 (1H, d, J= 7.7 Hz, ArH), 7.54 (1H, d, J = 7.7 Hz,
ArH), 7.41 (1H, app td, J = 7.7, 1.4 Hz, ArH), 7.26 (1H, app t, J = 7.7 Hz, ArH), 3.86 (3H, s, OCH3), 3.82
(2H, s, ArCH>N), 2.60-2.54 (4H, m, 2 x NHCH,CH3), 2.53-2.48 (2H, m, NCH,CH>), 2.44 (2H, t, J = 6.9 Hz,
NHCH,CH,), 1.61 (2H, app quintet , J = 6.9 Hz, CH,CH,CH>), 1.06 (3H, t, J = 7.2 Hz, NCH,CH3s), 0.99 (3H,
t,J=7.1Hz, NHCH,CHzs); 6. (100 MHz, CDCl3) 169.9 (CO), 141.7 (ArC), 131.3 (ArCH), 131.0 (ArC), 129.9
(ArCH), 129.8 (ArCH), 126.6 (ArCH), 56.6 (ArCH:N), 52.0 (COOCHs), 51.3 (CH>CH;NH), 48.3 (CHsCH:N),
47.4 (CH,CH;3N), 44.2 (CH3CH;NH), 27.2 (CH,CH2CH;), 15.3 (CH5CH3N), 11.5 (CH3CH;NH); HRMS (ESI):
calcd. for Ci6H27N,07 279.2072. Found [MH]*279.2065 (-2.5 ppm error).
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2,4-Diethyl-2,3,4,5,6,7-hexahydro-1H-2,4-benzodiazonin-1-one (6-8)
O [/
N
g

Methyl 2-((ethyl(3-(ethylamino) propyl) amino) methyl) benzoate (6-3) (0.100 g, 0.360 mmol) and
lithium hydroxide (0.530 mmol, 1.30 mL of 0.500 M LiOH,q)) were mixed at room temperature in
tetrahydrofuran (0.500 mL) for 24 hours. The solvent was then removed under vacuum. The
intermediate lithium 2-((ethyl(3-(ethylamino) propyl) amino) methyl) benzoate (6-4) (assumed to be
0.360 mmol) was dissolved in dimethylformamide (3.00 mlL) before the addition of
hydroxybenzotriazole (HOBt) (0.0610 g, 0.450 mmol) followed by 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDCI) (0.0950 g, 0.540 mmol) and the reaction mixture was stirred for 24 hours. The
reaction mixture was washed sequentially with diethyl ether (100 mL) and brine (100 mL). The
aqueous phase was back extracted with diethyl ether (100 mL). The organic phases were combined,
dried with sodium sulfate, filtered, concentrated under vacuum, and purified via flash column
chromatography (13:6:1 hexane:ethyl acetate:triethylamine) to afford the title compound as a dark
orange oil (6.6 mg, 8%); Rf = 0.24 (13:6:1 hexane:diethyl ether:triethylamine).

Procedure A

Procedure B

Methyl 2-((ethyl(3-(ethylamino) propyl) amino) methyl) benzoate (6-3) (0.114 g, 0.411 mmol) and
lithium hydroxide (0.600 mmol, 1.20 mL of 0.500 M LiOH(.4)) were stirred at room temperature in
tetrahydrofuran (0.600 mL) for 24 hours. The solvent was then removed under vacuum. The
intermediate lithium 2-((ethyl(3-(ethylamino) propyl) amino) methyl) benzoate (6-4) was dissolved in
chloroform (9.00 mL) before DIPEA (0.0983 g, 0.760 mmol) was added dropwise over 2 minutes and
the mixture stirred until a homogeneous solution was observed (30 minutes). Propane phosphonic
acid anhydride (T3P) in ethyl acetate 50% w/v (0.412 g, 0.620 mmol) was then added dropwise over 2
minutes and the reaction mixture was stirred overnight at room temperature. The solvent was then
removed under vacuum and the residue was purified via flash column chromatography (13:6:1
hexane:diethyl ether:triethylamine) to afford the title compound as a dark orange oil (54.8 mg, 54%);
Rf = 0.24 (13:6:1 hexane:diethyl ether:triethylamine); vmax/cm™ (thin film) 2965, 2930, 1631, 1420,
1368, 1170, 1061, 959, 848, 765, 730; 64 (400 MHz, CDCl3) 7.25-7.12 (4H, m, ArCH), 4.13-4.04 (1H, m,
CONCH,H,CH3), 4.00 (1H, d, J = 13.6 Hz, ArCH,HuN), 3.34 (1H, d, J= 13.6 Hz, ArCH,HuxN), 3.27-3.12 (2H,
m, NCH,CH,), 2.95-2.85 (1H, m, CONCH,H,CH3), 2.67-2.54 (3H, m, NCH,CH3 & NCH,HyCH3), 2.43 (1H,
ddd, J =14.4 Hz, 12.3 Hz, 2.5 Hz, NCH,H,CH3), 1.80-1.69 (1H, m, CH,CH,H,CH,), 1.21 (3H, t, J = 8.0 Hz,
CONCH,CH3s), 1.07 (3H, t, J = 8.0 Hz, NCH>CH3), 0.99-0.92 (1H, m, CH,CH,HpCH>); &. (100 MHz, CDCls)
172.9 (CO), 138.4 (ArC), 138.3 (ArC), 129.2 (ArCH), 128.1 (ArCH), 127.3 (ArCH), 126.4 (ArCH), 57.8
(ArCH2N), 52.4 (NCH,CH.), 49.4 (NCH,CHs), 48.4 (NCH,CH,), 38.5 (CONCH,CH3), 24.3 (CH,CH,CH>), 13.1
(CONCH,CHs), 12.1 (NCH2CH3); HRMS (ESI): calcd. for CisH23N,0. Found 247.1810 [MH]*, 247.1800 (-
4.06 ppm error).
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Methyl 2-((ethyl[2-(ethylamino) ethyl] amino) methyl) benzoate (6-13)

)

O/

N\/\N/\

O

To a stirring solution of N, N'-diethylethylenediamine (6-12) (1.66 g, 14.3 mmol) in acetonitrile (10
mL), under argon, potassium carbonate (2.76 g, 20.0 mmol) was added. Methyl 2-
bromomethylbenzoate (6-1) (0.430 g, 1.88 mmol) was then added and the reaction was refluxed at
85 °C for 1.5 hours under argon. The reaction was cooled to room temperature, the solvent was
removed under vacuum and purified by flash column chromatography (17:2:1 ethyl
acetate:menthanol:triethylamine) to afford the title compound (0.43 g, 87%); Rs = 0.4 (17:2:1 ethyl
acetate:menthanol:triethylamine); vmax/cm™ (thin film) 2965, 2813, 1722, 1434, 1373, 1267, 1199,
1126, 1082, 967, 782, 737; &1 (400 MHz, CDCls) 7.70-7.66 (1H, m, ArCH), 7.50-7.47 (1H, m, ArCH),
7.43-7.38 (1H, m, ArCH), 7.28-7.24 (1H, m, ArCH), 3.87-3.86 (3H, m, OCHs), 3.83 (2H, s, ArCHxN),
2.57-2.55 (4H, m, NCH,>CH>N), 2.52-2.44 (4H, m, x 2 NCH,CHs), 2.05 (1H, bs, NH), 1.07-1.02 (3H, m,
HNCH,CHs), 1.00-0.96 (3H, m, NCH,CHs); 6. (100 MHz, CDCl;) 169.1 (CO), 141.4 (ArC), 131.3 (ArCH),
131.1 (ArC), 129.9 (ArCH), 129.8 (ArCH), 126.8 (ArCH), 56.9 (ArCH:N), 53.1 (NCH,CHN), 52.1 (OCH3),
48.4 (NCH,CH3s), 47.3 (NCH,CH;N), 44.1 (HNCH,CHs), 15.2 (NCH,CHs), 11.5 (HNCH>CHs); HRMS (ESI):
calcd. for Ci5H25N202 265.1916. Found [MH]*, 265.1908 (-3.02 ppm error).
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2,5-diethyl-3,4,5,4-tetrahydro-2,5-benzodiazocin-1(2H)-one (6-16)
0]
)
)

Methyl 2-((ethyl[2-(ethylamino) ethyl] amino) methyl) benzoate (6-13) (0.528 g, 2.00 mmol) and
lithium hydroxide (2.60 mmol, 5.20 mL of 0.500 M LiOH(aqg)) were mixed at room temperature in
tetrahydrofuran (3.00 mL) for 24 hours, the solvent was then removed under vacuum. The
intermediate lithium (2-((2-carboxylatobenzyl) (ethyl) amino) ethyl) (ethyl)amide (6-14) was dissolved
in dimethylformamide (20.00 mL) before the addition of HOBt (0.350 g, 2.60 mmol) followed by EDCI
0.466 g, 3.00 mmol) and the reaction mixture was stirred for 24 hours. The reaction was monitored
via TLC (10:9:1 hexane:ethyl acetate:triethylamine) and after 24 hours no spot could be identified
indicating the ring expansion was unsuccessful, 0% Yield.

Procedure A

Procedure B

Methyl 2-((ethyl[2-(ethylamino) ethyl] amino) methyl) benzoate (6-13) (0.528 g, 2.00 mmol) and
lithium hydroxide (2.60 mmol, 5.20 mL of 0.500 M LiOH,q) were mixed at room temperature in
tetrahydrofuran (3.00 mL) for 24 hours before removing the solvent under vacuum. The intermediate
lithium 2-((ethyl(2-(ethylamino) ethyl) amino) methyl) benzoate was dissolved in chloroform (20 mL)
before adding DIPEA (0.478 g, 3.70 mmol) dropwise over 2 minutes and the reaction mixture was
stirred until homogeneous (30 minutes). T3P in ethyl acetate 50% w/v (1.91 g, 3.00 mmol) was then
added dropwise over 2 minutes and the reaction mixture was stirred overnight at room temperature.
The reaction mixture was then concentrated under vacuum and purified via flash column
chromatography (10:9:1 hexane:ethyl acetate:triethylamine) to afford the title compound as a dark
orange oil (50.0 mg, 11%), R¢ = 0.4 (10:9:1 hexane:ethyl acetate:triethylamine); Vmax/cm™ (thin film)
2966, 2929, 2818, 1628, 1472, 1423, 1374, 1262, 1138, 1083, 791, 744; 64 (400 MHz, CDCls) rotameric
ina 1:1ratio 7.46 (1H, dd, J = 7.5 Hz, 1.3 Hz, ArCH), 7.37 (1H, td, /= 7.5 Hz, 1.3 Hz, ArCH), 7.28 (1H, td,
J=7.5Hz, 1.3 Hz, ArCH), 7.22 (1H, d, J = 7.5 Hz, ArCH), 4.06-3.97 (1H, m, CONCH,H,CH3), 3.66 (1H, d,
J = 14.0 Hz, ArCHaHuN), 3.49 (1H, d, J = 14.0 Hz, ArCH.HpN), 3.43-3.36 (1H, m, CONCH.H,CH:N),
3.21-3.16 (1H, m, CONCH H,CH;N), 3.15-3.08 (1H, m, CONCH.H,CH3), 2.89-2.84 (1H, m,
CONCH,CH.HpN), 2.75-2.68 (1H, m, NCH.H,CH3), 2.70-2.65 (1H, m, CONCH,CH.HN), 2.62-2.54 (1H,
m, NCH,H,CH3), 1.24 (3H, t,J =7.1 Hz), 1.18 (3H, t, J = 7.1 Hz); 6. (100 MHz, CDCl5) 170.8 (CO), 137.1
(ArC), 135.3 (ArC), 130.5 (ArCH), 129.9 (ArCH), 128.4 (ArCH), 127.8 (ArCH), 55.6 (ArCH:N), 54.2
(CONCH,CH2N), 52.2 (NCH,CHs), 47.24 (CONCH,CH;N), 41.0 (CONCH,CHs), 12.7 (NCH,CHs), 12.6
(NCHzCHg); HRMS (ES|)Z calcd. for C14H21N20 233.1654 & C14H21N2Na0 255.1473 Found [MH]+,
233.1650 (error —1.7 ppm) & [MNal*, 255.1467 (error —3.0 ppm).
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3-(Ethyl(3-(ethylamino) propyl) amino) propan-1-ol (6-22)

H
S~ N~ N~ OH

3-Bromopropanol (6-21) (904 uL, 1.31 g, 10.0 mmol) was added to a mixture of N, N'-diethyl-1,3-
propanediamine (6-2) (3.18 mL, 2.61 g, 20.0 mmol) and potassium carbonate (6.91 g, 50.0 mmol) in
acetonitrile (50 mL) and the mixture was heated at 60 °C for 4 hours. After cooling to room
temperature, the mixture was filtered through Celite, washing with MeCN (50 mL) and the filtrate
concentrated under reduce pressure. The residue was purified by silica gel flash column
chromatography, eluting with CH,Cl,:MeOH:EtsN (50:45:5), to give the product as a colourless oil (1.31
g, 70%), Ri = 0.29 (CH,Cl:MeOH:EtsN 50:45:5); Vmax/cm™ (thin film) 3271, 2965, 2934, 2811, 1461,
1376, 1295, 1117, 1043, 922, 800, 735; 64 (400 MHz, CDCls3) 0.90-0.94 (3H, m, CHsCH:N), 0.96-1.01
(3H, m, CH3CH;N), 1.60-1.52 (4H, m, 2x CH,CH,CH,), 2.43-2.33 (4H, m, 2x CH3CH;N), 2.55-2.48 (6H,
m, 3x CH;N), 3.44 (1H, bs, NH), 3.64-3.61 (2H, m, CH,0H); &. (100 MHz, CDCls) 15.1 (CHsCH;N), 11.5
(CH3CH3N), 27.2 (CH,CH,CH), 28.0 (CH,CH,CH>), 44.1 (CH;N), 47.2 (CH2N), 48.1 (CH;N), 51.7 (CH2N),
53.6 (CH2N), 63.7 (CH,CH,0OH); HRMS (ESI) calcd. for CioH2sN,0 189.1967. Found 189.1966 [MH]*
(-0.53 ppm error).

72



© < N o @ © < ~ o @ 3
N N I I — — — - - o Q
L L L L L L L L L L L
06'0
v60\: _ e
. [ — .
96°0 0t
01/
T~ —_— -
09T TFoos
2N
9T~ e . Hoy
sz T oS
ssz/
bhE~ -
T9E~_ .
poE— — - 507

b9789jad

James Donald JRD_X_21 clean

f1 (ppm)

o n o in o in o in o o 2
1 < <+ I = ~ ~ - - o ?
L L L L L L L L L L 1
Lo
L
o
L2
8P 1T — —_——
n
10°ST— LW
o
e
n
e
9T'LT ~
$0'8C —
o
rm
0
rm
o
<
vy — n
<
YLy ~
608y —
o
Il
8915 —
L5768 — E— n
Fwn
o
o
£9'€9 — - n
I [
o
F~
n
-~
W =
Z—\ 5
Il
5
o9 =
S
o
2,
X, o
o
[a)
< Irz
o
z wn
nnv o
RO
&
0 U
RE &
a8 2

f1 (ppm)

73



Methyl 2-((ethyl(3-(ethyl(3-hydroxypropyl) amino) propyl) amino) methyl) benzoate (6-23)

O

O/

N~ N~ OH

S

To a stirring solution of potassium carbonate (0.415 g, 3.00 mmol) in acetonitrile (5.00 mL), 3-(ethyl(3-
(ethylamino) propyl) amino) propan-1-ol (6-22) (0.188 g, 1.00 mmol) was added followed by methyl
2-(bromomethyl) benzoate (6-1) (0.230 g, 1.00 mmol). The reaction mixture was heated to reflux at
90 °C for 3 hours under argon before filtering through Celite washing with dichloromethane,
concentrating  under vacuum and purifying by flash column  chromatography
(hexane:methanol:triethylamine 17:2:1) to afford the title compound as a clear oil (0.238 g, 71%) R¢ =
0.20 (hexane:methanol:triethylamine 17:2:1) vma/cm™ (thin film) 2950, 2814, 2238, 1721, 1449, 1372,
1268, 1128, 1081, 910, 729; 64 (400 MHz, CDCl3) 7.56 (1H, d, J/ = 7.6 Hz, ArH), 7.41 (1H, d, J = 7.6 Hz,
ArH), 7.27 (1H,t,J= 7.6 Hz, ArH), 7.11 (1H, t, J = 7.6 Hz, ArH), 5.09 (1H, bs, OH), 3.72 (3H, s, OCH;s),
3.70 (2H, s, ArCH:N), 3.59 (2H, t, J = 5.2 Hz, CH,0H), 2.44 (2H, t, J = 5.8 Hz, CH;N), 2.39-2.31 (4H, m,
2x NCH,CH3), 2.29-2.22 (4H, m, CH;N), 1.49 (2H, quintet, J = 5.8 Hz, CH,CH,CH,), 1.46-1.40 (2H, m,
CH,CH,CHs), 0.88-0.83 (4H, m, CH3CH:N); 6. (100 MHz, CDCls) 168.8 (CO), 141.5 (ArC), 131.1 (ArCH),
131.0 (ArC), 129.8 (ArCH), 129.6 (ArCH), 126.5 (ArCH), 64.0 (CH,OH), 56.6 (ArCH,), 53.9 (CH,N), 51.8
(CHs0), 51.7 (CH2N), 51.2(CH3N), 47.5 (CH3CH2N), 47.3 (CH3CH:N), 27.9 (CH,CH,CH,), 24.2 (CH,CH,CH,),
11.5 (2 x CH3CH;N); HRMS (ESI) calcd. for Ci9H33N,03337.2491. Found [MH]* 337.2478 (-3.87 ppm
error).
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6,10-Diethyl-4,5,6,7,8,9,10,11-octahydrobenzo[k][1] oxa [5,9] diazacyclotridecin-1(3H)-one (6-25)

o
O/\/\N /
N \/\/

N

Procedure A

To a stirring solution of methyl 2-((ethyl(3-(ethyl(3-hydroxypropyl) amino) propyl) amino) methyl)
benzoate (6-23) (0.115 g, 0.341 mmol) in tetrahydrofuran (0.8 mL), aqueous lithium hydroxide (0.5 M)
(0.800 mL, 0.400 mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed
under vacuum using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate
lithium 2-((ethyl(3-(ethyl(3-oxidopropyl) amino) propyl) amino) methyl) benzoate was dissolved in
chloroform (3.4 mL) and DIPEA (0.082 g, 0.11 mL, 0.630 mmol) was added followed by T3P in
ethylacetate 50% w/v (0.334 g, 0.540 mmol) to stir at room temperature for 18 hours under argon.
The reaction mixture was repeatedly washed sequentially in brine (100 mL) and dichloromethane (100
mL) and the organic phases combined dried with sodium sulfate, filtered, concentrated under vacuum,
and purified via flash column chromatography (hexane:dichloromethane:triethylamine 10:9:1) to
afford the title compound (21.8 mg, 21%) R¢= 0.54 (hexane:dichloromethane:triethylamine 10:9:1).

Procedure B

To a stirring solution of methyl 2-((ethyl(3-(ethyl(3-hydroxypropyl) amino) propyl) amino) methyl)
benzoate (6-23) (0.112 g, 0.332 mmol) in tetrahydrofuran (0.8 mL), aqueous lithium hydroxide (0.5 M)
(0.800 mL, 0.400 mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed
under vacuum using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate
lithium 2-((ethyl (3-(ethyl (3-oxidopropyl) amino) propyl) amino) methyl) benzoate was dissolved in
acetonitrile (3.3 mL) and DIPEA (0.233 g, 0.310 mL, 1.80 mmol) was added followed by HOBt (0.0680
g, 0.500 mmol) and EDCI (0.0780 g, 0.500 mmol) and left to stir at room temperature for 18 hours
under argon. The reaction mixture was washed sequentially in brine (50 mL) and diethyl ether (3 x 50
mL) and the organic phases combined dried with sodium sulfate, filtered, concentrated under vacuum
and purified via flash column chromatography (hexane:dichloromethane:triethylamine 10:9:1) to
afford the title compound (46.4 mg, 46%) R¢= 0.54 (hexane:dichloromethane:triethylamine 10:9:1);
Vmax/cm™ (thin film) 2965, 2801, 1723, 1457, 1375, 1271, 1127, 1085, 787, 743; 64 (400 MHz, CDCls)
7.57-7.55 (1H, m, ArH), 7.36 (1H, td, /= 7.6 Hz, 1.5 Hz, ArH), 7.29-7.25 (2H, m, 2 x ArH), 4.42 (2H, t, J
= 5.5 Hz, OCH,CH.), 3.81 (2H, s, ArCH:N), 2.61 (2H, t, J = 6.5 Hz, CH,CH:N), 2.47-2.39 (8H, m, CH;N),
1.87 (2H, quintet, J = 6.4 Hz, CH,CH,CH>), 1.49 (2H, quintet, J = 6.4 Hz, CH,CH,CH;), 0.98 (3H, t,/=7.0
Hz, CH3CH,0), 0.93 (3H, t, J = 7.3 Hz, CH3CH,0); &. (100 MHz, CDCl3) 169.9 (CO), 139.0 (ArC), 133.2
(ArC), 131.4 (ArCH), 130.3 (ArCH), 129.1 (ArCH), 127.0 (ArCH), 63.4 (OCH,CH>)), 55.4 (ArCH;N), 51.2
(CH2CH;3N), 51.0 (CH2N), 49.2 (CH2N), 45.6(CH,N), 27.0 (CH,CH,CHy), 23.6 (CH,CH,CH>), 12.4 (CHsCH:N),
9.8 (CH5CH;N); HRMS (ESI) calcd. for Ci18H29N205, 305.2229. Found [MH]* 305.2223 (-1.97 ppm error).
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2-[(Benzyloxy)carbonyl]-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (6-31)

0]

NIU@

To a stirring solution of 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (6-26) (5.00 g, 28.2 mmol) in
THF (50 mL) and DI water (150 mL), solid sodium hydroxide (2.26 g, 56.4 mmol) was added, and the
reaction mixture was cooled in an ice bath. Benzyl chloroformate (6-30) (5.77 g, 33.8 mmol) was added
dropwise over an hour and left stirring at room temperature overnight. The reaction mixture was
cooled in an ice bath and 10% HCI (approximately 70 mL) solution was added dropwise until the
reaction mixture reached pH 2 tested by pH indicator sticks. The solution was extracted in ethyl
acetate (80 mL x 3) and the organic phases combined and washed sequentially with brine (100 mL x
3). The aqueous phase was then back extracted with ethyl acetate (100 mL x 2). The organic phases
were combined, dried with sodium sulfate, filtered and the solvent removed under vacuum. The
reaction mixture was purified via flash column chromatography (8:1 dichloromethane:methanol)
isolating a very viscous orange oil (5.71 g, 65%); R = 0.27 (8:1 dichloromethane:methanol); vmax/cm™
(thin film) 3439, 3031, 2968, 2579, 1697, 1419, 1318, 1220, 1122, 747, 698; 64 (400 MHz, CDCls) 10.80
(1H, bs, COOH), 7.39-7.06 (m, 9H, ArH), 5.26-5.19 (2H, m, OCH,), 5.26-5.19 (0.5H, m, CH), 4.96 (0.5H,
app t, J = 5.1 Hz, CH), 4.82-4.76 (1H, m, CH.HyN), 4.66-4.54 (1H, m, CH.HpN), 3.30-3.14 (2H, m,
CH,CH); 6. (100 MHz, CDCl3) rotameric ratio 3:4 176.9minor & 176.7major (COOH), 156.5major & 155.7minor
(NCO), 136.4major & 136.3minor (ArC), 133.0minor & 132.3major (ArC), 131.5 (ArC), 128.7major & 128.6minor
(ArCH), 128.4 (ArCH), 128.3 (ArCH), 128.2major & 128.1minor (ArCH), 127.1 (ArCH), 127.2minor & 127.0major
(ArCH), 126.6minor & 126.4maj0r (ArCH), 68.0major & 67.9minor (OCH2), 53.6minor & 53.1major (CH), 44.6minor &
44 4 major (CH2N), 31.3minor & 30.9major (CH2); HRMS (ESI): calcd. for CigH1sNO4 334.1055. Found [MNa]*
334.1051 (-0.32 ppm error).
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Benzyl 3-(3-tert-butoxy-3-oxopropyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (6-34)

K
WJ@

@)

To a 250 mL round bottom flask Isolating 2-[(benzyloxy)carbonyl]-1,2,3,4-tetrahydroisoquinoline-3-
carboxylicacid (6-31) (3.74 g, 12.0 mmol), IrdF(CF)sppy).(dtbbpy)]PFs (6-33) (0.135 g, 0.120 mmol) and
dipotassium phosphate (2.51 g, 14.4 mmol) was added to DMF (30 mL) and degassed for 15 minutes
using argon. Separately tert-butyl acrylate (6-32) (3.00 mL) was degassed again for 15 minutes using
argon. tert-Butyl acrylate (12.0 mmol, 1.54 g) was then added to the 250 mL round bottom flask
topped with a septum wrapped with parafilm several times. The reaction mixture was irradiated with
blue LED light for 72 hours whilst stirring, setup as shown in Figure 22. The reaction was quenched in
saturated NaHCOs; aqueous solution (100 mL) and extracted in Et;0 (3 x 50 mL). The organic layers
were collected and washed sequentially with saturated NaCl aqueous solution (2 x 100 mL) and water
(2 x 100 mL). The organic phases were collected and dried with sodium sulfate and the solvent
removed under vacuum. The reaction mixture was purified via flash column chromatography (8:2
hexane:ethyl acetate) to afford the title compound as a clear yellow oil (2.36 g, 50%); R¢ = 0.36 (8:2
hexane:ethyl acetate); vmax/cm™ (thin film) 2976, 2933, 1725, 1695, 1416, 1242, 1144, 846, 749, 697;
61 (400 MHz, CDCls) rotameric ratio 1:1 7.41-7.29 (5H, m, ArH), 7.19-7.02 (4H, m, ArH), 5.18 (2H, s,
OCH,Ar), 5.05-4.87 (1H, m, ArCH.HuN), 4.68-4.51 (1H, m, CHN), 4.34-4.21 (1H, m, CH.H,), 3.15-3.06
(1H, m, CH,H,CO), 2.69-2.60 (1H, m, CH,H,CO), 2.34-2.15 (2H, m, ArCH,CH), 1.83-1.70 (1H, m, CHaHs),
1.69-1.53 (1H, m, CH.Hs), 1.43 (9H, s, OC(CHs)s3); 6. (100 MHz, CDCl3) rotomericratio 1:1 172.5 & 172.4
(NCO), 155.8 & 155.7 (0OCO), 136.80 (ArC), 132.6 & 132.4 (ArC), 132.2 & 132.1 (ArC), 129.5 & 129.3
(ArCH), 128.7 (ArCH), 128.2 (ArCH), 128.1 (ArCH), 126.8 (ArCH), 126.4 (ArCH), 126.3 & 126.1 (ArCH),
80.5 (OC(CHs)s), 67.4 (ArCH,0), 49.5 & 49.2 (NCH), 42.6 & 42.5 (CH3N), 33.5 & 33.1 (CH;), 32.5 & 32.3
(CH,), 28.2 (OC(CHs)3), 27.1 (CH,); HRMS (ESI): calcd. for CysHsNNaOs 418.1994. Found [MNal*
418.1994 (0.00 ppm error).

The same procedure was followed but IrdF(CF)sppy)z(dtbbpy)]PFe (6-33) was replaced with 2,4,5,4-
tetrakis(carbazol-9-yl)-1,3-dicyanobenze (4CzIPN) (6-37) (0.095g, 0.120 mmol) to afford the title
compound as a clear yellow oil (2.42 g, 50%).

Clamp

Reactio

vessel

Stirring
plate *

\

"Black box

Figure 22 : - Photoredox reaction set up using blue LED light box.
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tert-Butyl 3-(2-(3-[(tert-butoxycarbonyl) amino] propyl)-1,2,3,4-tetrahydroisoquinolin-3-yl)

propanoate (6-40)
o)<

)

HOWO 7L

10% Palladium on carbon (0.230 g) was added to benzyl 3-(3-tert-butoxy-3-oxopropyl)-3,4-
dihydroisoquinoline-2(1H)-carboxylate (6-34) (2.98 g, 7.54 mmol) in ethanol (30 mL) under argon. The
solution was evacuated and refilled with hydrogen (x 3) then stirred at room temperature overnight
whilst excess hydrogen refills the reaction vessel. The mixture was filtered through Celite and washed
with ethanol (100 mL) and the solvent was removed under vacuum using acetonitrile (3 x 15 mL) to
make an azeotropic mixture. The mixture was redissolved in acetonitrile (30 mL) then potassium
carbonate (2.08 g, 15.1 mmol) and 3-(Boc-amino) propyl bromide (6-39) (1.80 g, 7.54 mmol) was
added and refluxed overnight under argon. The reaction mixture was diluted with EtOAc (250 mL) and
washed with saturated NaHCO; aqueous solution (200 mL) then back extracted with EtOAc (2 x 150
mL). The organic phases were collected and dried using sodium sulfate, filtered and the solvent
removed under vacuum. The reaction mixture was purified via flash column chromatography (15:2:1
hexane:ethyl acetate:triethylamine) to afford the title compound as a colourless oil (1.23 g, 39%); R¢=
0.53 (15:2:1 hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3369, 2976, 2932, 2249, 1709,
1504, 1454, 1391, 1365, 1248, 1149, 735; &x (400 MHz, CDCl3) 7.11-6.96 (4H, m, ArCH), 5.46 (1H, bs,
NH), 3.80-3.67 (2H, m, NCH), 3.22-3.13 (2H, m, CH,NH), 2.99-2.89 (1H, m, CHN), 2.99-2.89 (1H, m,
ArCH.Hy), 2.65-2.48 (1H, m, ArCH,Hy), 2.65-2.48 (2H, m, NCHy), 2.29 (2H, t, J = 7.65 Hz, CH,CO),
1.88-1.79 (1H, m, CHCH.Hy), 1.69-1.61 (2H, m, CH.CH,CH,), 1.59-1.50 (1H, m, CHCHHy), 1.41 (9H, s,
OC(CHs)3), 1.39 (9H, bs, OC(CHs)3); 8¢ (100 MHz, CDCl3) 173.1 (CH,CO), 156.1 (NHCO), 134.0 (ArC),
133.6 (ArC), 129.3 (ArCH), 126.8 (ArCH), 126.2 (ArCH), 125.9 (ArCH), 80.3 (OC(CHs)s), 78.8 (OC(CH3)s),
56.3 (CHN), 50.4 (ArCH;N) 50.1 (CH2N), 39.9 (CH;NH), 32.6 (CH.CO), 30.2 (ArCH3), 28.5 (OC(CHs)3), 28.2
(OC(CHs)s), 27.1 (CH,), 24.8 (CH3); HRMS (ESI): calcd. for C24H3sN,04 419.2910. Found [MH]* 419.2912
(0.48 ppm error).
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1,4,5,6,7,9,14,14a-octahydro [1,5] diazonino[1,9-b] isoquinolin-3(2H)-one (6-42)

o)

CI e
N\/\/

To a stirring solution of tert-butyl 3-(2-(3-[(tert-butoxycarbonyl) amino] propyl)-1,2,3,4-
tetrahydroisoquinolin-3-yl) propanoate (6-40) (0.155 g, 0.370 mmol) in diethyl ether (1.00 mL), a
solution of 4.0 M hydrochloric acid in 1,4 dioxane (1.85 mL, 7.2 mmol) was added dropwise and the
reaction was left stirring at room temperature for 3 hours. The reaction mixture was concentrated
under vacuum using chloroform (3 x 10 mL) to make an azeotropic solution. The intermediate 3-[2-(3-
aminopropyl)-1,2,3,4-tetrahydroisoquinolin-3-yl] propanoic acid (6-41) was dissolved in chloroform
(13 mL) and DIPEA (0.48 g, 3.7 mmol) under argon, until all the reagents dissolved into solution (30
minutes). T3P (0.353 g, 0.56 mmol) was then added and the reaction left to stir over night at room
temperature. The solvent was removed under vacuum and the reaction mixture was purified via flash
column chromatography (70:25:5 dichloromethane:hexane:triethylamine) forming the product a
clear oil (75.1 mg, 83%); Rf = 0.47 (70:25:5 dichloromethane:hexane:triethylamine); vmax/cm™ (thin
film) 3281, 3206, 2928, 2841, 2225 1646, 1473, 1449 1127, 908, 725; 64 (400 MHz, CDCl;) significant
rotameric broadening of NMR signals was observed 7.12-7.00 (4H, m, ArH), 6.36 (1H, t, J = 6.68 Hz,
CONH), 4.08-3.85 (1H, bm, CH.HuN), 3.79-3.69 (2H, bs, ArCHxN), 3.48-3.23 (1H, bm, CH,H,N), 2.98
(1H, g,/ =7.11 Hz, CHN), 2.57 (2H, d, J = 7.06 Hz, ArCH,CH), 2.50-2.28 (2H, m, CH,CO), 2.28-2.16 (1H,
m, CHaHpN), 1.79-1.66 (1H, m, CH.H,N), 1.57-1.44 (2H, bm, CHy); 6. (100 MHz, CDCl5) 179.2 (CO),
135.1 (ArC), 134.9 (ArC), 128.9 & 128.7 (ArCH), 126.8 (ArCH), 126.2 (ArCH), 125.9 (ArCH), 57.0 (CHN),
53.9 (ArCH;N), 41.6 (CHzN), 40.1 (CH;NH), 31.7 (CH,CO), 30.5 (ArCH,CH), 28.1 (CH3), 25.7 (CH3); HRMS
(ESI): calcd for C15H21N20 245.1654. Found [MH]* 245.1646 (-3.26 ppm error).
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2,4,5,4-Tetra(9H-carbazol-9-yl)benzene-1,3-dicarbonitrile®’ (6-37)

To a stirring solution of carbazole (6-36) (1.67 g, 10.0 mmol) in THF (40 mL) under argon, sodium
hydride (60% w/w in mineral oil) (0.600 g, 15.0 mmol) was added in small amounts. After half an hour
tetrafluoroisophthalonitrile (6-35) (0.400 g, 2.00 mmol) was added and the reaction mixture was
stirred for 16 hours at room temperature. Water (2.00 mL) was added dropwise over a 10-minute
period, before removing the solvent under vacuum and washing sequentially with water (100 mL) and
ethanol (100 mL). The crude mixture was recrystallised by dissolving the solid in a minimal amount of
chloroform before delicately layering hexane on top. The solution was left undisturbed for 2 days at
which point yellow crystals precipitated out surrounded by a ring of undesired orange product. The
yellow crystals were isolated upon letting the solvent evaporate at room temperature before carefully
scraping the yellow crystals away from the undesired orange crystals. The isolated product were dried
to afford the title compound as a yellow crystalline solid (80.5 mg, 51%); 61 (400 MHz, CDCls) 8.22 (2H,
dt, J = 7.8 Hz, 0.9 Hz, ArH), 7.73-7.67 (8H, m, ArH), 7.50-7.46 (2H, d, J = 7.6 Hz, ArH), 7.32 (2H, d, J =
7.5Hz, ArH), 7.22-7.20 (4H, m, ArH), 7.11-7.04 (8H, m, ArH), 6.81 (4H, app t, /= 7.7 Hz, ArH), 6.62 (2H,
app td, J= 7.9 Hz, 1.2 Hz, ArH); NMR data were consistent with those reported in the literature.
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(25,3aS$,7aS)-1-((benzyloxy) carbonyl) octahydro-1H-indole-2-carboxylic acid (6-43)

H

X,

A
@)

To a stirring solution of (2S,3a$,7a$)-2-carboxyoctahydroindole (6-27) (5.00 g, 29.5 mmol) and sodium
hydroxide (2.36 g, 59.0 mmol) in a THF (50 mL) and deionised water (150 mL), cooled in an ice bath
under argon. Benzyl chloroformate (6-30) (6.04 g, 35.4 mmol) was added dropwise and the reaction
mixture was stirred over night at room temperature. The reaction mixture was cooled in an ice bath
and 10% aq. HCl (approximately 70 mL) solution was added dropwise until the reaction mixture
reached pH = 2, tested with pH indicator sticks. The solution was extracted with ethyl acetate (80 mL
x 3) and the organic phases were combined and washed with sat. brine (100 mL x 3). The aqueous
phase was then back extracted with ethyl acetate (100 mL x 2). The organic phases were combined,
dried with sodium sulfate, filtered, concentrated under vacuum and purification via flash column
chromatography (19:1 dichloromethane:methanol) afforded the title compound as a pale yellow
viscous oil (5.99 g, 67%); Rs = 0.25 (19:1 dichloromethane:methanol); vmax/cm™ (thin film) 3450, 2931,
2853, 2579, 1982, 1693, 1420, 1358, 1178, 1123; 64 (400 MHz, CDCls3) rotamers were observed in a 4:6
ratio 10.32 (1H, bs, COOH), 7.34-7.17 (5H, m, ArCH), 5.22-5.03 (2H, m, ArCH;0), 4.34-4.28 (1H, m,
NCHCOOH), 3.95-3.78 (1H, m, CHN), 2.30-2.22 (1H, m, CH), 2.18-1.95 (3H, m, CHCH,CH &
CH,CH,H,CH), 1.72-1.56 (3H, m, CH,CH, CH,CH,H,CH) 1.48-1.40 (m, 2H, CH.CH,CH,), 1.30-1.03 (m,
2H, CH,CH,CH3); &. (100 MHz, CDCl3) 178.0 (€CO)major, 177.7 (€CO)minor, 155.3 (NCOOH)major, & 154.4
(NCOOH)minor, 136.8 (ArC)ooth rotamers, 128.6 (ArCH)major, 128.5 (ArCH)minor, 128.0 (ArCH)minor, 127.9
(ArCH)major, 127.8 (ArCH)minor, 127.6 (ArCH)major, 67.2 (OCH2Ar)major, 67.0 (OCH2Arminor, 59.9
(OCH2Ar major, 59.3 (OCH2AMNminor, (NCHCOOH) 58.1 (NCH)minor, 57.8 (NCH)major, 37.0 (CH)major, 36.5
(CH)minor, 32.7 (CHCH2CH)minor, 31.4 (CHCH2CH)major, 27.9 (CH2CH2CH2)major, 27.3 (CH2CH2CH2)minor, 25.9
(CH2CH,CH)poth rotamers, 23.9  (CH2CH2CH)major, 23.8 (CH2CH2CH)minor, 20.6  (CH2CH2CH2)minor, 20.4
(CH2€CH,CH2)major; HRMS (ESI): caled. for Ci7H22NO4 304.1549. Found [MH]* 304.1547, (-0.66 ppm
error).
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Benzyl (2R,3aS,7aS)-2-(3-(tert-butoxy)-3-oxopropyl) octahydro-1H-indole-1-carboxylate (6-47)

H

o)

To a 250 mL round bottom flask containing (2S5,3aS,7aS)-1-((benzyloxy) carbonyl) octahydro-1H-
indole-2-carboxylic acid (6-43) (3.64 g, 12.0 mmol), 4CzIPN (6-37) (0.095 g, 0.120 mmol) and
dipotassium phosphate (2.51 g, 14.4 mmol) was added to DMF (30 mL), and the resulting mixture was
degassed for 15 minutes under argon. Separately tert-butyl acrylate (6-32) (3.00 mL) was degassed
again for 15 minutes using argon. tert-Butyl acrylate (1.54 g, 12.0 mmol) was then added to the 250
mL round bottom flask topped with a septum wrapped with parafilm several times. The reaction
mixture was irradiated with blue LED light for 72 hours whilst stirring, set up as shown in

. The reaction was quenched with saturated NaHCOs; aqueous solution (100 mL) and extracted with
Et,O (3 x 50 mL). The organic layers were collected and washed sequentially with saturated NaCl
aqueous solution (2 x 100 mL) and water (2 x 100 mL). The organic phases were collected, dried with
sodium sulfate, the solvent removed under vacuum and purification via flash column chromatography
(8:2 hexane:ethyl acetate) afforded the title compound as a clear oil (2.80 g, 59%). A single
diastereoisomer was formed but rotameric in an approximate 10:1 ratio based on the *C NMR data,
Rf = 0.4 (8:2 hexane:ethylacetate); vmax/cm™ (thin film) 3031, 2976, 2933, 1725, 1695, 1537, 1498,
1416, 1242, 1144, 1097; 64 (400 MHz, CDCl5) 7.29-7.15 (5H, m, ArCH), 5.10-5.94 (2H, m, OCH,Ar),
3.78-3.55 (1H, m CHN), 3.78-3.55 (1H, m CHN), 2.34-2.22 (1H, m, CH), 2.20-2.10 (2H, m,
CHCH,CH,CO0), 2.08-2.01 (2H, m, CH,CH.COO), 1.98-1.91 (2H, m, CH,CHN), 1.58-1.53 (2H, m,
CHCH,CH), 1.52-1.47 (2H, m, CH,CH,CH), 1.34 (9H, s, OC(CHs)s), 1.18-1.10 (2H, m, CH,CH,CH,),
1.02-0.89 (2H, m, CH2CH,CH;); &. (100 MHz, CDCls) 172.8major & 172.6minor (CO), 154.8major & 154.5minor
(NCOO), 137.2major, 137.1minor (ArC), 128.5 (ArCH), 128.0 (ArCH), 127.9 (ArCH), 80.3 (OC(CHs)s), 66.5
(OCH2Ar), 57.5minor & 57.2major (CHN), 56.8major & 56.2minor (CHN), 35.0major & 34.1minor (CH), 33.1
(CH,CO0), 31.5minor & 30.5major (CH2CHCH,), 29.2 (CHCH,CH,), 28.2 (OC(CHs)3), 27.9 (CH,CH,CH),
26.9minor, 26.0major (CH2CH2CH3), 24.2minor, 23.9major & 23.6minor (CH2CH2CH), 21.0minor, 20.70major &
20-58minor (CHzCHzCHz); HRMS (ES|)Z calcd. for C23H34NO4 388.2488 & C23H34NNaO4 410.2307. Found
[MH]*, 388.2489 (0.258 ppm error), [MNa]*, 410.2306 (— 0.244 ppm error).
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tert-Butyl 3-((2R,3aS,7aS)-1-(3-((tert-butoxy carbonyl) amino) propyl) octahydro-1H-indol-2-yl)
propanoate (6-55)

N

T

o~ O

10% Palladium on carbon (0.320 g) was added to benzyl (2R,3aS,7aS)-2-(3-(tert-butoxy)-3-oxopropyl)
octahydro-1H-indole-1-carboxylate (6-47) (3.20 g, 8.30 mmol) in ethanol (30 mL) under argon. The
solution was evacuated under vacuum and refilled with hydrogen (x3) then stirred at room
temperature overnight whilst excess hydrogen refills the reaction vessel. The reaction mixture was
filtered through Celite and washed with ethanol (100 mL) and the solvent was removed under vacuum
using acetonitrile (3 x 15.0 mL) to make an azeotropic mixture isolating the intermediate tert-butyl 3-
(octahydro-1H-indol-2-yl) propanoate (6-51). tert-Butyl 3-(octahydro-1H-indol-2-yl) propanoate was
dissolved in acetonitrile (30 mL) then potassium carbonate (1.95 g, 14.12 mmol) and 3-(Boc-amino)
propyl bromide (6-39) (1.98 g, 8.30 mmol) was added, and the reaction mixture refluxed (100 °C)
overnight under argon. The reaction mixture was diluted with EtOAc (250 mL) and washed with
saturated NaHCOs; aqueous solution (200 mL) then back extracted with (EtOAc 2 x150 mL). The organic
phases were combined and dried using sodium sulfate, filtered and the solvent removed under
vacuum. The reaction mixture was purified via flash column chromatography (20:75:5 hexane:ethyl
acetate:triethylamine) afforded the title compound as a brown oil (1.22 g, 36%) R = 0.37 (20:75:5
hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3386, 2977, 2928, 2857, 1716, 1512, 1449,
1366, 1238, 1147, 1046, 847; 61 (400 MHz, CDCls) 5.70 (1H, bs, NHCOO), 3.27-3.17 (1H, m, NCH,Hy),
3.06-2.97 (1H, m, NCH;Hy), 2.92 (1H, quintet, J = 5.3 Hz, CHN), 2.60-2.53 (1H, m, CHN), 2.60-2.53 (1H,
m, CHaHpN), 2.50-2.43 (1H, m, CH;HpN), 2.25-2.16 (1H, m, CH,H,CO), 2.21-2.11 (1H, m, CH), 2.09-2.01
(1H, m, CH,H,CO), 1.61-1.56 (2H, m, CHCH,CH), 1.54-1.46 (4H, m, CH,CH.CH), 1.54-1.46 (1H, m,
CH,CH,H,CH,), 1.36 (9H, s, COOC(CHs)s), 1.35 (9H, s, NCOOC(CHs)s3), 1.22-1.14 (1H, m, CH,CH,H,CH,),
1.03-0.91 (2H, m, CH,CH,CH); &. (100 MHz, CDCl3) 173.3 (CH3CO), 156.3 (NHCO), 80.1 (COOC(CHs)3),
78.5 (NHCOOC(CHs)3), 60.1 (CHN), 58.6 (CHN), 45.8 (CH,NH), 40.5 (CH2N), 35.8 (CH,CHCH,), 32.1
(CH,CO0), 31.7 (CHCH,CH), 30.0 (CHCH:CH,), 28.5 (NHOOC(CHs)3), 28.1 ((COOC(CHs)s), 27.3
(CH2CH,CH), 26.6 (CH,CH,CH), 23.7 (CH,CH,CH>), 21.1 (NCH,CH,CH;NH), 20.9 (CH,CH,CH,); HRMS
(ESI): calcd. for C3H43N204 411.3223. Found [MH]*, 411.3218 (-1.22 ppm error).
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(8a$,12aS,13aR)-tetradecahydro-3H- [1,5] diazonino[1,9-a] indol-3-one (6-63)

To a stirring solution of tert-Butyl 3-((2R,3aS,7aS)-1-(3-((tert-butoxy carbonyl) amino) propyl)
octahydro-1H-indol-2-yl) propanoate (6-55) (0.164 g, 0.400 mmol) in Et,0 (12.0 mL), hydrochloric acid
in 1,4-dioxane (4.00 M) (80.0 mmol, 2.00 mL) was added dropwise and left to stir for 4 hours at room
temperature. The reaction mixture was concentrated under vacuum using chloroform (3 x 10 mL) to
make an azeotropic solution. Chloroform was added (13.0 mL) and DIPEA (0.517 g, 0.700 mL and 4.00
mmol) and stirred until all the reagents dissolved in solution (30 minutes). T3P (0.382 g, 0.600 mmol)
was then added, and the reaction was left to stir over night at room temperature. The solvent was
removed under vacuum and the reaction mixture purified via flash column chromatography (50:45:5
dichloromethane:hexane:triethylamine) to afford the title compound an oily solid (71.8 mg, 76%); R¢
=0.29 (50:45:5 dichloromethane:hexane:triethylamine); vmax/cm™ (thin film) 3287, 2922, 2852, 1652,
1468, 1445, 1361, 1269, 1149, 794; &4 (400 MHz, CDCls) significant rotameric broadening was
observed, only the major rotamer detailed 5.78 (1H, bs, CONH), 3.76-3.60 (1H, m, NCH,H,), 3.22-3.29
(4H, m, 2 x CHN, NCH.H», NCH.Hy), 2.59-2.38 (2H, m, NCH;H, & CH,H,CO), 2.30-2.11 (2H, m, CH &
CH.H,CO), 1.97-1.78 (3H, m, CH,, CHaHy), 1.67-0.86 [13H, m, 6 x CH,, CHaHp], 1.67-1.35 (8H, m),
1.28-1.13 (3H, m), 1.04-0.88 (2H, m); 6. (100 MHz, CDCls) 179.3 (CO), 57.8 (NCH), 56.7 (NCH), 41.1
(NCH,), 40.7 (CH2NHCO), 36.1 (CHCH,CH), 34.3 (CH3), 31.8 (CH,), 27.8 (CH3), 26.9 (CH,), 25.9 (CH,CO),
23.8 (CH,), 22.7 (CH), 21.2 (CH2); HRMS (ESI): calcd. for Ci14H2sN20 237.1967. Found [MH]" 237.1961
(-2.53 ppm error).
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1-[(Benzyloxy) carbonyl] piperidine-2-carboxylic acid (6-44)

O

O/%OH
N._o

X

To a stirring solution of piperidine-2-carboxylic acid (6-28) (10.0 g, 77.4 mmol) in water (155 mL) and
1,4 dioxane (155 mL), sodium carbonate (18.9 g, 178 mmol) was added. Benzyl chloroformate (6-30)
(15.8 g, 92.9 mmol) was then added dropwise and the reaction was left to stir over night at room
temperature. The reaction was concentrated under vacuum using dichloromethane to make an
azeotropic mixture. 10% HCl was added until the reaction mixture reached pH = 2. tested by pH
indicator sticks. The solution was extracted in dichloromethane (200 mL x 3), the organic phases were
combined, dried with sodium sulfate, filtered and the solvent removed under vacuum. To afford the
title, compound as a colourless viscous oil (19.32 g, 95%); vmax/cm™ (thin film) 2941, 2861, 2542, 1704,
1671, 1423, 1353, 1256, 1165, 1042, 864, 740, 697, 603; 61 (400 MHz, CDCl3) 11.19 (1H, bs, COOH),
7.36-7.31 (5H, m, ArCH), 5.20-5.12 (2H, m, ArCH,0), 5.03-4.89 (1H, m, CH), 4.17-4.02 (1H, m,
CH,HuN), 3.16-2.96 (1H, m, CH;H,N), 2.32-2.20 (1H, m, CH.Hy), 1.75-1.60 (1H, m, CH.H,), 1.75-1.60
(1H, m, CHaHs), 1.75-1.60 (1H, m, CH,Hy), 1.49-1.26 (1H, m, CH,Hy), 1.49-1.26 (1H, m, CH.H,); 6. (100
MHz, CDCl3) 177.1 & 177.0 (COOH), 156.9 & 156.3 (€CO), 136.5 (ArC), 128.6 (ArCH), 128.2 (ArCH), 127.9
(ArCH), 67.7 & 67.3 (ArCH,0), 54.5 & 54.4 (CH), 40.0 & 40.3 (CH>), 26.8 & 26.7 (CH>), 24.8 & 24.6 (CH>),
20.8 & 20.7 (CH2); HRMS (ESI) calcd. for C14H17NNaO4 286.1055 & C14H17NKO4 302.0795. Found [MNa]*
286.1057 (0.70 ppm error) & [MK]* 302.0781 (-4.63 ppm error).
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Benzyl 2-(3-tert-butoxy-3-oxopropyl) piperidine-1-carboxylate (6-48)

Qo ok

To a 250 mL round bottom flask of 1-[(benzyloxy)carbonyl] piperidine-2-carboxylic acid (6-44) (2.77 g,
8.00 mmol), 4CzIPN (6-37) (0.063 g, 0.08 mmol) and dipotassium phosphate (1.67 g, 9.6 mmol) was
added to DMF (15.0 mL) and degassed for 15 minutes using argon. Separately tert-butyl acrylate (6-
32) (3.00 mL) was degassed again for 15 minutes using argon. tert-Butyl acrylate (6-32) (1.03 g ,8.00
mmol) was then added to the 250 mL round bottom flask topped with a septum wrapped with parafilm
several times. The reaction mixture was irradiated with blue LED light for 72 hours whilst stirring, set
up as shown in

. The reaction was quenched in saturated NaHCO3 aqueous solution (100 mL) and extracted in Et,0 (3
x 50 mL). The organic layers were collected and washed sequentially in saturated NaCl aqueous
solution (2 x 100 mL) and water (2 x 100 mL). The organic phases were collected and dried with sodium
sulfate and the solvent removed under vacuum. Purification via flash column chromatography (15:4:1
hexane:ethyl acetate:triethylamine) afforded the title compound as a clear oil (1.85 g, 67%); R¢=0.42
(15:4:1 hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 2935, 2864, 1726, 1693, 1422, 1350,
1256, 1150, 847, 731, 696; 6 (400 MHz, CDCl3) 7.30-7.11 (5H, m, ArH), 5.11 (2H, s, ArCH,0), 4.36-4.23
(1H, bm, CH.HuN), 2.83 (1H, t, J = 12.0 Hz), 2.26-2.13 (2H, m, CH,CO), 2.11-2.00 (1H, m, CH.Hy),
1.70-1.48 (1H, m, CH;Hy) 1.70-1.48 (1H, m, CH,Hy), 1.70-1.48 (1H, m, CH;), 1.70-1.48 (1H, m, CH,),
1.70-1.48 (1H, m, CHy), 1.41 (9H, s, OC(CHs)s); 6. (100 MHz, CDCl3) 172.9 & 172.4 (NCOO), 155.6 &
155.4 (CH,C00), 137.9 & 137.1 (ArC) 128.12 & 128.6 (ArCH), 128.3 & 128.0 (ArCH), 127.9 & 125.4
(ArCH), 80.6 & 80.3 (OC(CHs)s), 67.0 (ArCH,0), 50.6 (CHN), 39.9 (CH2N), 32.5 (CH,C00),28.9 (CH>), 28.2
(OC(CH3)s), 25.6 (CH,), 25.1 (CHy), 19.1 (CH2); HRMS (ESI) calcd. for C0H20NNaOs 370.1994. Found
[MNa]*, 370.1988 (-1.62 ppm error).
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tert-Butyl 3-(1-(3-((tert-butoxycarbonyl) amino) propyl) piperidin-2-yl) propanoate (6-56)

o~
O
N Y

o)

10% Palladium on carbon (0.215 g) was added to benzyl 2-(3-tert-butoxy-3-oxopropyl) piperidine-1-
carboxylate (6-48) (2.15 g, 6.19 mmol) in ethanol (62.0 mL) under argon. The solution was evacuated
and refilled with hydrogen (x 3) then stirred at room temperature overnight whilst excess hydrogen
refills the reaction vessel. The mixture was filtered through Celite and washed with ethanol (100 mL)
and the solvent was removed under vacuum using acetonitrile (3 x 15.0 mL) to make an azeotropic
mixture. The mixture was redissolved in acetonitrile (31.0 mL) then potassium carbonate (1.71 g, 12.4
mmol) and 3-(Boc-amino) propyl bromide (6-39) (1.48 g, 6.19 mmol) was added and refluxed overnight
under argon. The reaction mixture was diluted with EtOAc (250 mL) and washed with saturated
NaHCO; aqueous solution (200 mL) then back extracted with (EtOAc 2 x 150 mL). The organic phases
were collected and dried using sodium sulfate, filtered and the solvent removed under vacuum. The
reaction mixture was purified via flash column chromatography (75:20:5 hexane:ethyl
acetate:triethylamine) to afford the title compound as a pale yellow oil (1.38 g, 60%); R¢= 0.24 (75:20:5
hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3369, 2976, 2932, 1713, 1513, 1454, 1366,
1248, 1152, 1046, 849, 780, 608; 64 (400 MHz, CDCls) rotamers observed in a 4:1 ratio 5.61 (bs, 1H,
NH), 4.20-4.16 (1H, m, CHaHuN) minor, 4.10-4.03 (1H, m, CHaHuN)minor, 3.16-3.06 (2H, m, CH2N )oth rotamers,
2.79-2.74 (1H, m, CH:HuN)major, 2.70-2.67 (1H, m, CHaHpN)major, 2.32-2.09 [(5H, m, CHN, CH.HyN,
CHsHuN, CH2COO)major rotamers, (1H, M, CHN)minor], 1.99-1.98 (2H, m, CH2N)minor, 1.83-1.18 [ (10H, m
CHa)both rotamers 1.83-1.76 (m), 1.70-1.48 (m), 1.31-1.18 (m), 1.40-1.38 (18H, m COOC(CHs)s,
NHCOOC(CHs)3)both rotamers; 6c (100 MHz, CDCls) only the major rotamer detailed 173.4 (CO), 156.2 (CO),
80.2 (OC(CH3)s3, 78.7 (OC(CH3)s, 59.5 (CH), 52.1 (CH2N), 50.6 (CH2N), 40.3 (CH:NH), 31.8 (CH,C0O0), 29.7
(CH,), 28.5 (OC(CH3)s), 28.4 (CH,), 28.2 (OC(CHs)s), 26.0 (CH,), 25.3 (CH,), 22.8 (CH2); HRMS (ESI): calcd.
for Ca0H3sN,04 371.2910. Found [MH]* 371.2904 (-1.62 ppm error).
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Decahydropyrido[1,2-e] [1,5] diazonin-3(2H)-one (6-64)
O

L
N\/\/

To a stirring solution of tert-butyl 3-(1-(3-((tert-butoxycarbonyl) amino) propyl) pyrrolidin-2-yl)
propanoate (6-56) (0.138 g, 3.73 mmol) in diethyl ether (9.30 mL), a solution of 4.0 M hydrochloric
acid in 1,4 dioxane (18.7 mL, 74.8 mmol) was added dropwise and the reaction was left stirring at
room temperature for 4 hours. The reaction mixture was concentrated under vacuum using
chloroform (3 x 5.00 mL) to make an azeotropic solution. The intermediate lithium 3-(1-(3-
aminopropyl) piperidin-2-yl) propanoate was dissolved in chloroform (93 mL) and DIPEA (4.82 g, 6.49
mL, 37.3 mmol) under argon, until all the reagents dissolved into solution (30 minutes). T3P (3.56 g,
5.59 mmol) was then added, and the reaction left to stir over night at room temperature. The solvent
was removed under vacuum and the reaction mixture was purified via flash column chromatography
(70:25:5 dichloromethane:hexane:triethylamine) forming a colourless solid (0.466 g, 64%), R = 0.32
(70:25:5 dichloromethane:hexane:triethylamine); vmax/cm™ (thin film) 3189, 3060, 2925, 2841, 2796,
1654, 1439, 1398, 1180, 1027, 950, 832, 580, 482; 61 (400 MHz, CDCls) 6.43 (1H, s, NH), 3.96-3.69 (1H,
m, CH.HuN), 3.20-2.92 (1H, m, CHzH,N), 2.92-2.59 (2H, m, CH;N), 2.37-2.24 (1H, m, CHN), 2.05-1.85
(4H, m, CH,CO, CH;N), 1.85-1.12 (10H, m, 5 x CH3); 6¢ (100 MHz, CDCls) 179.7 (€O), 59.5 (CHN), 52.9
(CH32N), 46.2 (CH;N), 40.1 (CH;NH), 32.4 (CH,CO), 30.6 (CH,), 28.1 (CH,), 26.1 (CH>), 24.8 (CH,), 24.4
(CH3); HRMS (ESI): calcd. for C11H21N20 197.1654. Found [MH]* 197.1651 (-1.52 ppm error).
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N-[(benzyloxy)carbonyl]-N-methylglycine® (6-45)

0._0
Yo
/N\)J\OH

To a stirring solution of sarcosine (6-29) (5.00 g, 56.1 mmol) and sodium hydroxide (4.48 g, 112 mmol)
in 1,4 dioxane (50 mL) and deionised water (150 mL) within an ice bath, benzyl chloroformate (6-30)
(11.5 g, 67.34 mmol) was added dropwise. The reaction mixture was left to stir overnight at room
temperature. The reaction mixture was cooled in an ice bath and 10% HCI (approximately 70 mL)
solution was added dropwise until the reaction mixture reached pH = 2. tested via pH indicator sticks.
The solution was extracted in ethyl acetate (80 mL x 3) and the organic phases combined and washed
with brine (100 mL x 3). The aqueous phase was then back extracted with ethyl acetate (100 mL x 2).
The organic phases were combined, dried with sodium sulfate, filtered, the solvent removed under
vacuum and purification by flash column chromatography (19:2 dichloromethane:methanol) to afford
the title compound as a clear very viscous oil (5.76 g, 46%); R¢= 0.38 (19:2 dichloromethane:methanol;
6n (400 MHz, CDCls3) 7.36-7.25 (5H, m, ArCH), 5.28 (1H, s, COOH), 5.16 (1H, s, ArCH.H,0), 5.13 (1H, s,
ArCH;H,0), 4.09 (1H, s, NCH,H,COOH), 4.04 (1H, s, NCH,H,COOH), 3.00 (3H, s CHs3N).
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tert-Butyl 4-([(benzyloxy)carbonyl] (methyl)amino) butanoate (6-49)

e

To a 250 mL round bottom flask of N-[(benzyloxy)carbonyl]-N-methylglycine (6-45) (2.70 g, 12.0
mmol), 4CzIPN (6-37) (0.095 g, 0.120 mmol) and dipotassium phosphate (2.51 g, 14.4 mmol) was
added to DMF (30 mL) and degassed for 15 minutes using argon. Separately, tert-butyl acrylate (6-32)
(3.00 mL) was degassed again for 15 minutes using argon. tert-Butyl acrylate (6-32) (1.54 g, 12.0 mmol)
was then added to the 250 mL round bottom flask topped with a septum wrapped with parafilm
several times. The reaction mixture was irradiated with blue LED light for 72 hours whilst stirring, setup
as shown in

. The reaction was quenched in saturated NaHCO; aqueous solution (100 mL) and extracted in Et,0 (3
x 50 mL). The organic layers were collected and washed sequentially with saturated NaCl aqueous
solution (2 x 100 mL) and water (2 x 100 mL). The organic phases were collected dried with sodium
sulfate, the solvent removed under vacuum and purification via flash column chromatography (15:4:1
hexane:ethyl acetate:triethylamine) afforded the title compound as a clear oil (2.10 g, 57%); R¢= 0.32
(15:4:1 hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 2977, 2934, 1724, 1702, 1455, 1366,
1145, 1055, 846, 768, 752, 698; &4 (400 MHz, CDCls) rotamers observed in a 2:1 ratio 7.35-7.25 (5H,
m, ArCH), 5.10 (s, 2H ArCH,0), 3.30-3.26 (2H, m, NCH), 2.89major (3H, s, NCH3), 2.88minor (3H, s, NCH3),
2.24-2.15 (2H, m, CH,COO0), 1.83-1.75 (2H, m, CH,CH2CH3), 1.43minor (9H, s, OC(CHs)3), 1.42major (9H, s,
OC(CHs)s3; 6. (100 MHz, CDCl3) rotamers observed ina 1:1 ratio 174.4 & 172.4 (CH3COO), 156.4 & 156.2
(OCON), 137.0 (ArC), 128.6 (ArCH), 128.0 (ArCH), 127.9 (ArCH), 80.8 & 80.5 (OC(CHs)s), 67.1 (ArCH;0),
48.5 & 48.1 (NCH3), 43.2 (CH,CO), 34.8 (CH>), 34.1 (CH,), 33.1 & 32.6 (NCH3), 28.2 & 28.1 (OC(CHs)3),
23.4 & 23.0 (CH,CH2CHy); HRMS (ESI): caled. for Ci7H6NO4 308.1862. Found [MH]* 308.1854 (-2.60
ppm error).

105


javascript:
javascript:

o~ — o —
— - — o ~ o n < (2] o~ -~ o )
n 1 1 n 1 1 n n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1
12T _ €6
Ase Sy
08T — / - To.m
61z — T - Forz
887~ | - _ _ 60
687~ uﬂo.N
e — — Tﬂ
60'S — f ——— TO.N
8TL
Nm.NW — —— =< TLars
€L

b9401wgh

WILLIAM glover-humphreys - WGH-Exp54-pg88

f-0.45

r0.40

r0.35

r0.30
r0.25

r0.20

r0.15

r0.10

r0.05
r0.00

f1 (ppm)

b9401wgh

16T~
i3:4d
21'8¢

61°8C
T92E~L
80°€E -7
ET'HE \
SLvE
oT'Er —

90°8b ~
8v'8 <

80749 —

08~
9,08

16221
o0:621>

WILLIAM glover-humphreys - WGH-Exp54-pg88

55'82T

86'9ET —

ET'SST —

9€°UT —
SEVLT —

T T T T T T
170 160 150 140 130 120 110

T
180

T
190

f1 (ppm)

106



tert-Butyl 4-[(3-[(tert-butoxycarbonyl) amino] propyl) (methyl) amino] butanoate (6-57)
\N/\/\H/O\{/
O

i

P

10% Palladium on carbon (0.202 g) was added to tert-butyl 4-[(benzyloxy)carbonyl] (methyl) amino)
butanoate (6-57) (2.02 g, 6.89 mmol) in ethanol (60 mL) under argon. The solution was evacuated and
refilled with hydrogen (x 3) then stirred at room temperature overnight whilst excess hydrogen refills
the reaction vessel. The reaction mixture was filtered through Celite and washed with ethanol (100
mL) and the solvent was removed under vacuum using acetonitrile (3 x 15.0 mL) to make an azeotropic
mixture. tert-Butyl 4-(methylamino) butanoate (6-53) was dissolved in acetonitrile (30 mL) then
potassium carbonate (1.91 g, 13.8 mmol) and 3-(boc-amino) propyl bromide (6-39) (1.64 g, 6.89 mmol)
was added and refluxed overnight under argon. The reaction mixture was diluted with EtOAc (250 mL)
and washed with saturated NaHCO; aqueous solution (200 mL) was then back extracted with EtOAc
(150 mL x 2). The organic phases were collected, dried using sodium sulfate, filtered, the solvent
removed under vacuum and purified via flash column chromatography (15:4:1 hexane:ethyl
acetate:triethylamine) afforded the title compound as a clear viscous oil (0.432 g, 19%); Vmax/cm™ (thin
film) 3369, 2976, 2934, 2796, 1710, 1514, 1456, 1366, 1249, 1154, 1047, 847, 733; 64 (400 MHz, CDCls)
5.44 (1H, bs, NH), 3.13-3.05 (2H, bm, CH;NH), 2.33-2.27 (2H, m, CH;N), 2.27-2.21 (2H, m, CH;N), 2.19-
2.12 (2H, m, CH,CO), 2.12-2.07 (3H, m, CHsN), 1.71-1.61 (2H, m, CH,), 1.57-1.48 (2H, m, CH,), 1.35
(18H, bs, OC(CHs)s); 6. (100 MHz, CDCls) 173.0 (CH,COO0), 156.1 (NHCOO), 80.0 (OC(CHs)s), 78.7
((OC(CH3)3), 56.9 (CH3N), 56.5 (CH2N), 41.8 (CH3N), 39.9 (CH,NH), 33.3 (CH,COO0), 28.5 (OC(CH3)s3), 28.1
((OC(CH3)3), 26.8 (CH,), 22.7 (CH,); HRMS (ESI): calcd. for C17H35sN204 331.2597. Found [MH]* 331.2595
(-0.60 ppm error).
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1-Methyl-1,5-diazonan-4-one (6-65)

‘Nq/\fo

NH

To a stirring solution of tert-butyl 4-[(3-[(tert-butoxycarbonyl) amino] propyl) (methyl) amino]
butanoate (6-57) (0.250 g, 0.757 mmol) in Et,0 (2.00 mL), HCl in 1,4-dioxane 4.00 M solution (3.80 mL)
was added dropwise and left to stir for 4 hours at room temperature. The reaction mixture was
concentrated under vacuum using chloroform (3 x 10 mL) to make an azeotropic solution. Chloroform
was added (19.0 mL) followed by DIPEA (0.980 g, 7.60 mmol) then stirred until all the reagents
dissolved into solution (30 minutes). T3P (0.720 g, 1.14 mmol) was then added, and the reaction was
left to stir over night at room temperature. The solvent was then removed under vacuum and the
reaction mixture purified via flash column chromatography (10:9:1
dichloromethane:hexane:triethylamine) to afforded the title compound as a white solid, (76.8 mg,
65%); Rr=0.28 (10:9:1 dichloromethane:hexane:triethylamine); vmax/cm™ (thin film) 3286, 2936, 2786,
1634, 1544, 1450, 1353, 1341, 1288, 1180, 1146, 1068, 969, 732, 580; 64 (400 MHz, CDCls) rotomers
were observedin a 1:4 ratio, 6.72-6.49minor (0.2H, bs, NH), 6.13-5.84major (0.8H, bs NH), 3.94-3.80 (bm,
0.25H, CH;NH), 3.49-3.37 (bm, 1.5H, CH,;NH), 2.99-2.89 (bm, 0.25H, CH,H,NH), 2.50-2.40 (1H, m,
CH.H,N), 2.50-2.40 (2H, m, CH;N), 2.50-2.40 (2H, m, CHy), 2.23 (3H, s, CHsN), 1.86-1.79 (2H, m,
CH,CO0), 1.49 (2H, pen, J = 6.5 Hz, CH,); 6. (100 MHz, CDCl3) 179.8minor (€O), 178.6major (CO), 56.2minor
(CH2N), 54.8major (CH2N), 52.2minor (CH2N), 50.3 (CH2N), 43.5minor (CH3N), 42.3major (CH3N), 41.5minor
(CH2N), 40.5major (CH2NCO), 37.1minor (CH2NCO), 28.5major (CH2), 27.8major (CH2), 24.8major (CH,CO),
24.5minor (CH2), 24.4minor (CH2); HRMS (ESI): calcd. for CsH17N20 157.1341. Found [MH]* 157.1336 (-3.18
ppm error).
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Benzyl 2-(3-(tert-butoxy)-3-oxopropyl) pyrrolidine-1-carboxylate (6-50)
(e} )<
o
N
O
(0]

To a 250 mL round bottom flask Isolating ((benzyloxy)carbonyl) proline (6-46) (2.89 g, 12.0 mmol),
Ir[df (CFs)ppy]l2 (dtbby)PFs (6-33) (0.135 g, 0.120 mmol) and dipotassium phosphate (2.51 g, 14.4
mmol) was added to DMF (30 mL) and degassed for 10 minutes using argon. Separately tert-butyl
acrylate (6-32) (3.00 mL) was degassed again for 10 minutes using argon. tert-Butyl acrylate (6-32)
(1.54 g, 1.76 mL, 12.0 mmol) was then added to the 250 mL round bottom flask topped with a septum
wrapped with parafilm several times. The reaction mixture was irradiated with blue LED light for 63
hours whilst stirring, setup as shown in

. The reaction was quenched in saturated NaHCO3 aqueous solution (150 mL) and extracted in Et,0 (3
x 100 mL). The organic phases were collected and dried with sodium sulfate and the solvent removed
under vacuum. The reaction mixture was purified via flash column chromatography (8:2 hexane:ethyl
acetate) to afford the title compound as a pale yellow oil (2.30 g, 57%); Rs = 0.23 (8:2 hexane:ethyl
acetate); Vmax/cm™ (thin film) 2930, 1700, 1279, 1159; 64 (400 MHz, CDCl3) 7-39-7.26 (5H, m, 5 x ArH),
5.12 (2H, s, OCH,Ar), 3.88 (1H, s, CHN), 3.49-3.34 (2H, m, CH;N), 2.88-2.14 (2H, m, CH,CH,CO),
2.02-1.77 (4H, m, 2x CH3), 1.69-1.60 (2H, m, CH,), 1.41 (9H, s, (CH3)sC); 6¢ (100 MHz, CDCl;) 172.8
(CO), 155.2 (ArCH), 137.1 (ArC), 128.5 (ArCH), 128.0 (ArCH), 80.3 (OCCHs)3, 66.7 (OCHAr), 57.2 (NCH),
46.5 (CH;N), 32.6 (CH,CO), 30.7 (CH3), 29.7 (CH.), 28.2 ((CH3)sC), 23.9 (CH,), 23.1 (CH2); HRMS (ESI):
calcd for C19H25sNO4 334.2018 & Ci9H23sNNaOs4. 356.1838. Found [MH]", 334.2007 (-3.29 ppm error) &
[MNa]*, 356.1830 (-2.24 ppm error).
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tert-Butyl 3-(1-(3-((tert-butoxycarbonyl) amino) propyl) pyrrolidin-2-yl) propanoate (6-58)

10% Palladium on carbon (0.200 g) was added to a solution of benzyl 2-(3-(tert-butoxy)-3-oxopropyl)
pyrrolidine-1-carboxylate (6-50) (2.01 g, 6.03 mmol) in ethanol (60 mL) under argon. The solution was
evacuated and refilled with hydrogen (x 3) then stirred at room temperature overnight whilst excess
hydrogen refills the reaction vessel. The mixture was filtered through Celite and washed with ethanol
(100 mL) and the solvent was removed under vacuum using acetonitrile (3 x 15 mL) to make an
azeotropic mixture. The mixture was redissolved in acetonitrile (30 mL) then potassium carbonate
(1.67 g, 12.1 mmol) and 3-(Boc-amino) propyl bromide (6-39) (1.44 g, 6.03 mmol) was added and the
reaction mixture heated to reflux overnight under argon. The reaction mixture was diluted with EtOAc
(250 mL) and washed with saturated NaHCOs aqueous solution (200 mL) then back extracted with
(EtOAc 2 x 150 mL). The organic phases were collected and dried using sodium sulfate, filtered and
the solvent removed under vacuum. The reaction mixture was purified via flash column
chromatography (75:20:5 hexane:ethyl acetate:triethylamine) to afford the title compound as a
yellow oil (1.85 g, 86%); Vmax/cm™ (thin film) 3365, 2972, 2796, 1709, 1515, 1454, 1366, 1249, 1148,
848, 732; 614 (400 MHz, CDCl5) 5.35 (1H, s, NH), 3.23-3.16 (1H, m, CH.H,xN), 3.13-3.08 (1H, m, CH,HN),
3.08-3.03 (1H, m, CH.HuN), 2.83-2.72 (1H, m, CH.Hy,N), 2.27-2.07 (5H, m, CH.Hy,N, CH,CO, NCH,
CH.Hy), 2.04-1.97 (1H, m, CH.HuN), 1.93-1.79 (2H, m, CH,CH.CH;), 1.70-1.58 (5H, m, CHCH,CH,,
CH,CH.CH;, CH.Hb), 1.39 (9H, s, (CHs)30), 1.38 (9H, s, (CHs)s0); &6c (100 MHz, CDCls) 173.2
(CH,COOC(CHs)s), 156.2 (NHCOOC(CHs)s), 80.2 (CH,COOC(CHs)s), 78.8 (NHCOOC(CHs)3), 64.1 (CH), 53.9
(CH2N), 52.7 (CH3N), 39.9 (CH;NH), 32.3 (CH,C0O0), 29.9 (CH,CH,CH), 29.1 (CHCH,CHy), 28.5 ((CH3)30),
28.3 (CH,CH,CH,), 28.2 ((CHs)30); HRMS (ESI): calcd. for Ci9H37N,04 357.2753. Found [MH]* 357.2754
(0.280 ppm error).

113



r0.80
r0.75

r0.70

r0.65
r0.60

r0.55

r0.50

r0.45
r0.40

r0.35

r0.30

r0.25

r0.20

r0.15

r0.10

r0.05

r0.00

r-0.05

b7664jad

SE'S—

James Donald JRD_IX_85

ol

s

0.0

0.5

1.5 1.0

2.0

2.5

4.5 4.0 3.5

5.0
f1 (ppm)

F1.9

r1.8

F17

r1.6

r15

r1.4

F1.3
r12

F11
1.0
0.0

0.9
0.8
r0.7
0.6
0.5
0.4
0.3
r0.2
0.1

F-0.1

b7664jad

James Donald JRD_IX_85

07’7z
E.ﬂ/
om.wN/
0582

80'67 77
v6'62

mN.Nm\

66 —

€LTS~
€6'€S

ETP9 —

LL8L~
1208

0T'9ST —

ST'ELT —

30

50

70

80

210

T
220

f1 (ppm)

114



Decahydro-9H-pyrrolo[1,2-e] [1,5] diazonin-9-one (6-66)

=
\/\/NH

To a stirring solution of tert-butyl 3-(1-(3-((tert-butoxycarbonyl) amino) propyl) pyrrolidin-2-yl)
propanoate (6-58) (0.183 g, 5.15 mmol) in diethyl ether (13.0 mL), a solution of 4.0 M hydrochloric
acid in 1,4 dioxane (26.0 mL, 104.0 mmol) was added dropwise and the reaction was left stirring at
room temperature for 4 hours. The reaction mixture was concentrated under vacuum using
chloroform (3 x 5.00 mL) to make an azeotropic solution. The intermediate lithium 3-(1-(3-
aminopropyl) pyrrolidin-2-yl) propanoate was dissolved in chloroform (129.0 mL) and DIPEA (6.65 g,
8.97 mL, 5.15 mmol) under argon, until all the reagents dissolved into solution (30 minutes). T3P (4.91
g, 7.72 mmol) was then added and the reaction left to stir over night at room temperature. The solvent
was removed under vacuum and the reaction mixture was purified via flash column chromatography
(50:45:5 dichloromethane:hexane:triethylamine) forming a colourless solid (0.715 g, 76%); R = 0.22
(70:25:5 dichloromethane:hexane:triethylamine); vmax/cm™ (thin film) 3281, 2944, 2791, 1641, 1467,
1444, 1365, 1293, 1170; 64 (400 MHz, CDCl3) rotameric mixture 3:1 ratio, 6.65 (1H, s, NH)minor, 5.91
(1H, s, NH)major, 3.98-3.88 (1H, m, CHaHuN)minor, 3.81-3.71 (1H, m, CHaHuN)major, 3.23-2.98 [4H, m (CH.-
HbN)both rotamers, (CHaHbN)both rotamers]; 2.78-2.66 (3H, m, (CHN)major; (CHaHbN)both rotamers); 2.56-2.52 (ZH,
m, (CHaHb)both rotamers, (CHaHbN)minor, 2.44-2.39 (2H, m, (CHN)minor, (CHaHuN)major), 2.26-2.10 (4H, m, CH.-
HuN)both rotamers, (CH2)minor) 2.07-1.27 [18H, m, CH;]both rotamers; 6¢c (100 MHz, CDCls) the major rotamer
179.4 (CO), 61.9 (CH), 53.3 (CH;N), 49.0 (CH3N), 41.1 (CH;NH), 31.1 (CH,CO), 29.7 (NCH,CH,CH;N), 28.9
(CHCH,CH,), 25.3 (CHCH,CH,), 22.8 (CH,CH>CH,); HRMS (ESI): calcd. for C10H1sN>O 183.1497. Found
[MH]* 183.1492 (-2.73 ppm error).
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tert-Butyl 3-[2-(3-hydroxypropyl)-1,2,3,4-tetrahydroisoquinolin-3-yl] propanoate (6-72)

To a stirring solution of tert-butyl 3-(1,2,3,4-tetrahydroisoquinolin-3-yl) propanoate (6-38) (1.10 g,
4.00 mmol) in dry acetonitrile (33.0 mL), potassium carbonate (0.830 g, 6.00 mmol) and sodium iodide
(0.12 g, 0.80 mmol) was added. Bromopropanol (6-71) (0.552 g, 4.00 mmol) was then added, and the
resulting mixture was stirred at 100 °C for 24 hours. After allowing to cool to room temperature the
reaction mixture was diluted with EtOAc (100 mL) and washed with saturated NaHCO; aqueous
solution (100 mL) then back extracted with EtOAc (100 mL). The organic phases were combined dried
using sodium sulfate, filtered and the solvent removed under vacuum. The reaction mixture went to
completion and further purification wasn’t required, with the product isolated as a brown oil (1.05 g,
82%); Vmax/cm™ (thin film) 3390, 2975, 2931, 1724, 1454, 1367, 1147, 743; 6H (400MHz, CDCls)
7.15-7.05 (2H, m, 2 x ArH), 7.05-6.95 (2H, m, ArH), 4.86 (1H, bs, OH), 3.82 (2H, bs, ArCH;N), 3.80-3.72
(2H, m, ArCH,), 3.09-2.99 (1H, m, CHN), 2.96-2.85 (1H, m, CH.HyN), 2.85-2.77 (1H, m CH.H,OH),
2.76-2.67 (1H, m CH,H,OH), 2.58-2.50 (1H, m, CH,HuN), 2.31-2.25 (2H, m, CH,CO), 1.92-1.82 (1H, m,
CH.Hy), 1.80-1.64 (2H, m, CH,), 1.62-1.52 (1H, m, CH.Hy), 1.40 (9H, s, C(CHs)3); &¢ (100 MHz, CDCls)
172.8 (CO), 133.3 (ArC), 133.2 (ArC), 129.3 (ArCH), 126.9 (ArCH), 126.5 (ArCH), 126.1 (ArCH), 80.5
(OC(CHs)s), 65.4 (ArCH,), 56.8 (CHN), 51.8 (CH,OH), 50.1 (ArCH;N), 32.6 (CH,CO), 30.2 (H3N), 28.2
((OC(CH3)s3), 27.9 (CH3), 24.3 (CH3); HRMS (ESI): calcd. for C15H30NO5 320.2226. Found [MH]* 320.2223,
(-0.94 ppm error).
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1,6,7,9,14,14a-hexahydro-5H- [1,5] oxazonino[5,4-b] isoquinolin-3 (2H)-one (6-74)

0]

O
N~

Procedure A

To a stirring solution of tert-butyl 3-[2-(3-hydroxypropyl)-1,2,3,4-tetrahydroisoquinolin-3-yl]
propanoate (6-72) (0.300 g, 0.940 mmol) in diethyl ether (1.88 mL), a solution of 4.0 M hydrochloric
acidin 1,4 dioxane (4.7 mL, 18.8 mmol) was added dropwise and the reaction was left stirring at room
temperature for 3 hours. The reaction mixture was concentrated under vacuum using chloroform (3
x 20 mL) to make an azeotropic solution. The intermediate 3-[2-(3-hydroxypropyl)-1,2,3,4-
tetrahydroisoquinolin-3-yl] propanoic acid (6-73) was dissolved in chloroform (37.6 mL) and DIPEA
(2.43 g, 3.3 mL, 18.8 mmol) under argon, until all the reagents dissolved into solution (30 minutes).
T3P 50% w/v in ethyl acetate (0.897 g, 1.41 mmol) was added dropwise and the reaction left to stir
over night at room temperature. The reaction mixture was concentrated under vacuum and purified
via flash column chromatography (85:10:5 hexane:ethyl acetate:triethylamine) forming the product a
crystalline white solid (0.067 g, 29%), R¢ = 0.43 (85:10:5 hexane:ethyl acetate:triethylamine)

Procedure B

To a stirring solution of tert-butyl 3-[2-(3-hydroxypropyl)-1,2,3,4-tetrahydroisoquinolin-3-yl]
propanoate (6-72) (0.261 g, 0.820 mmol) in diethyl ether (1.88 mL), 4.0 M hydrochloric acid in 1,4
dioxane (4.7 mL, 18.8 mmol) was added dropwise and the reaction was left stirring at room
temperature for 3 hours. The reaction mixture was concentrated under vacuum using chloroform (3
x 20 mL) to make an azeotropic solution. The intermediate 3-[2-(3-hydroxypropyl)-1,2,3,4-
tetrahydroisoquinolin-3-yl] propanoic acid (6-73) was dissolved in dimethyl formamide (37.6 mL) and
DIPEA (0.851 g, 1.15 mL, 6.58 mmol) under argon, until all the reagents dissolved into solution (30
minutes). 1-Ethyl-3-(3-imethylaminopropyl) carbodiimide was (0.44 g, 2.82 mmol) and
hydroxybenzotriazole (0.305 g, 2.26 mmol) were then added and the reaction left to stir over night at
room temperature. The reaction mixture was washed sequentially in diethyl ether (100 mL) and brine
(100 mL) the aqueous phase was back washed again with diethyl ether (100 mL). The organic phases
were combined dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash
column chromatography (85:10:5 hexane:ethyl acetate:triethylamine) forming the product a
crystalline solid (76.3 mg, 38%) R¢ = 0.43 (85:10:5 hexane:ethyl acetate:triethylamine), vmax/cm™ (thin
film) 2919, 1733, 1442, 1337, 1230, 1109, 1070, 988, 744, 663; &1 (400 MHz, CDCls) 7.14-7.09 (2H, m,
ArH), 7.07-7.01 (2H, m, ArH), 4.77-4.58, (1H, bm, CH,H,0CO), 4.13-3.96 (1H, bm, CH.H,0), 3.75 (2H,
m, ArCH;N), 3.84-3.66 (1H, m, CHN), 2.82-2.75 (2H, m, NCH,), 2.64-2.51 (2H, m, ArCH>), 2.47 (1H, dt,
J=14.4Hz, 4.0, CH.H,COO), 2.32-2.23 (2H, m, CH,H,COO), 2.12-2.01 (m, 1H, CHCH,H,CH), 1.88-1.78
(1H, m, CH,CHaHwCH,), 1.71-1.59 (2H, m, CHCH,H,CH>, CH,CH.H,CH,); 6¢ (100 MHz, CDCls) 174.4 (CO),
135.4 (ArC), 135.1 (ArC), 128.9 (ArCH), 127.6 (ArCH), 126.2 (ArCH), 126.1 (ArCH), 60.6 (CH,0), 58.9
(CHN), 52.7 (ArCH;N), 42.2 (CH:N), 33.8 (CH.COO), 30.2 (ArCH3), 29.7 (CH), 23.2 (CH;); HRMS
(ESI):246.1494 calcd. for C1sH20NO,. Found 246.1487 [MH], (-2.8 ppm error).
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Procedure C

To a stirring solution of tert-butyl 3-[2-(3-hydroxypropyl)-1,2,3,4-tetrahydroisoquinolin-3-yl]
propanoate (6-72) (0.162 g, 0.507 mmol) in diethyl ether (5.1 mL), a solution of 4.0 M hydrochloric
acid in 1,4 dioxane (1.27 mL, 5.07 mmol) was added dropwise and the reaction was left stirring at
room temperature for 4 hours. The reaction mixture was concentrated under vacuum using
chloroform (3 x 20 mL) to make an azeotropic solution. The intermediate 3-[2-(3-hydroxypropyl)-
1,2,3,4-tetrahydroisoquinolin-3-yl] propanoic acid (6-73) was dissolved in dimethyl formamide (10.4
mL) and DIPEA (0.460 g, 0.62 mL, 3.55 mmol) under argon, until all the reagents dissolved into solution
(30 minutes). 1-Ethyl-3-(3-imethylaminopropyl) carbodiimide was (0.118 g, 0.76 mmol) and
hydroxybenzotriazole (0.082 g, 0.61 mmol) were then added and the reaction left to stir over night at
50 °C under argon. The reaction mixture was washed sequentially in diethyl ether (50 mL) and brine
(50 mL) the aqueous phase was back washed again with diethyl ether (50 mL). The organic phases
were combined dried with sodium sulfate, filtered, concentrated under vacuum, and purified via flash
column chromatography (85:10:5 hexane:ethyl acetate:triethylamine) forming the product a
crystalline white solid (46 mg, 37%), Rs = 0.43 (85:10:5 hexane:ethyl acetate:triethylamine).
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tert-Butyl 3-((2R,3aS,7aS)-1-(3-hydroxypropyl) octahydro-1H-indol-2-yl) propanoate (6-75)

e
it

OH

e "'I
z
o

T

To a stirring solution of tert-butyl 3-((2R,3aS,7aS)-octahydro-1H-indol-2-yl) propanoate (6-51) (0.578
g, 2.28 mmol) in dry acetonitrile (32.5 mL) potassium carbonate (0.473 g, 3.42 mmol) and sodium
iodide (0.068 g, 0.456 mmol) were added. Bromopropanol (6-71) (0.378 g, 2.74 mmol) was then
added, and the resulting mixture was heated to reflux at 100 °C for 24 hours. After allowing to cool to
room temperature the reaction mixture was diluted with EtOAc (100 mL) and washed with saturated
NaHCO; aqueous solution (100 mL) then back extracted with EtOAc (100 mL). The organic phases were
collected, dried using sodium sulfate, filtered and the solvent removed under vacuum. The reaction
mixture was purified by flash column chromatography (hexane:ethyl acetate:triethylamine 75:20:5)
to afford the compound as an brown oil (401 mg, 57% yield), based on *C NMR it is believed a single
diastereoisomer was isolated, R = 0.22 (hexane:ethyl acetate:triethylamine 75:20:5).; Vmax/cm™ (thin
film) 3425, 2925, 2856, 2856, 1727, 1448, 1366, 1255, 1148, 1061, 846, 1755, 596; 64 (400 MHz, CDCls)
4.82 (1H, bs, OH), 3.73-3.65 (2H, m, CH,0H), 3.12-3.05 (1H, m, CHN), 2.84-2.77 (1H, m, CH.H,N), 2.62
(1H, dt, J=12.2 Hz, 3.7 Hz, CH,HuN), 2.57-2.54 (1H, m, CHN), 2.28-2.20 (2H, m, CHy), 2.28-2.20 (1H,
m, CH), 2.09-2.05 (2H, m, CH,CO), 1.90-1.78 (2H, m, CH,), 1.74-1.71 (2H, m, CHy), 1.65-1.53 (1H, m,
3CH,Hb), 1.65-1.53 (1H, m, °CH.Hy), 1.50-1.47 (2H, m, CHy), 1.35 (9H, s, (C(CHs)3), 1.21-1.14 (2H, m,
CH,), 1.00-0.90 (2H, m, 2CHaHp & "CH,Hy); 8¢ (100 MHz, CDCls) 173.0 (CO), 80.2 (C(CHs)s, 64.9 (CH,0H),
60.5 (CHN), 58.5 (CHN), 47.3 (CH3N), 35.8 (CH), 32.4 (CH,CO), 31.5 (CHCH,CH), 30.3 (CH3), 28.2 (CH3),
28.1 (C(CHs)s, 26.4 (CH,), 23.7 (CH,), 21.2 (CH>), 20.8 (CH>); HRMS (ESI): calcd. for C1sH33NO3 311.2460.
Found [MH]* 311.2458 (-0.64 ppm error).
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(8aS,12aS,13aR)-dodecahydro-3H, 5H- [1,5] oxazonino [5,6-a] indol-3-one (6-78)

H

Procedure A

To a stirring solution of tert-butyl 3-[1-(3-hydroxypropyl) octahydro-1H-indol-2-yl] propanoate (6-75)
(0.200 g, 0.640 mmol) in diethyl ether (0.600 mL), a solution of 4.0 M hydrochloric acid in 1,4 dioxane
(1.6 mL, 6.4 mmol) was added dropwise and the reaction was left stirring at room temperature for 3
hours. The reaction mixture was concentrated under vacuum using chloroform (3 x 10 mL) to make
an azeotropic solution. The intermediate 3-[(3aS,7aS)-1-(3-hydroxypropyl) octahydro-1H-indol-2-yl]
propanoic acid was dissolved in chloroform (13.0 mL) and DIPEA (0.480 g, 3.70 mmol) under argon,
until all the reagents dissolved into solution (30 minutes). T3P (0.612 g, 0.960 mmol) was then added,
and the reaction left to stir over night at room temperature. The solvent was removed under vacuum
and the reaction mixture was purified via flash column chromatography (84:15:1 hexane:diethyl
ether:triethylamine) forming the product a clear oil (21.8 mg, 14%), R¢ = 0.43 (84:15:1 hexane:diethyl
ether:triethylamine).

Procedure B

To a stirring solution of tert-butyl 3-[1-(3-hydroxypropyl) octahydro-1H-indol-2-yl] propanoate (6-75)
(0.200 g, 0.640 mmol) in diethyl ether (0.6 mL), a solution of 4.0 M hydrochloric acid in 1,4 dioxane
(1.6 mL, 6.4 mmol) was added dropwise and the reaction was left stirring at room temperature for 3
hours. The reaction mixture was concentrated under vacuum using chloroform (3 x 10 mL) to make
an azeotropic solution. The intermediate 3-[(3aS,7aS)-1-(3-hydroxypropyl) octahydro-1H-indol-2-yl]
propanoic acid was dissolved in dimethylformamide (13 mL) and DIPEA (0.48 g, 3.7 mmol) under
argon, until all the reagents dissolved into solution (30 minutes). 1-Ethyl-3-(3-methylaminopropyl)
carbodiimide was (0.150 g, 0.96 mmol) and hydroxybenzotriazole (0.104 g, 0.77 mmol) were then
added and the reaction left to stir over night at room temperature. The reaction mixture was washed
sequentially in diethyl ether (100 mL) and brine (100 mL) the aqueous phase was back washed again
with diethyl ether (100 mL). The organic phases were combined dried with sodium sulfate, filtered,
concentrated under vacuum and purified via flash column chromatography (84:15:1 hexane:diethyl
ether:triethylamine) forming the product a crystalline solid (23.5 mg, 16%) Rf = 0.43 (84:15:1
hexane:diethyl ether:triethylamine); vmax/cm™ (thin film) 2923, 2853, 1727, 1463, 1366, 1179, 1142,
1071, 944; &, (400 MHz, CDCls) 4.77 (1H, ddd, J = 10.9 Hz, 8.8 Hz, 2.0 Hz, CH.H,0), 3.73-3.66 (1H, m,
CH;H,0), 3.06-3.01 (1H, m, CHN), 2.88-2.81 (2H, m, CHN & CH.HpN), 2.50 (1H, ddd, / = 13.7 Hz, 12.3
Hz, 1.6 Hz, CH,HuN), 2.35-2.29 (3H, m, °*CH,Hp & CH, CH,H,CO), 2.15-2.06 (1H, m, CH,H,CO), 2.05-1.94
(1H, m, °CHaHp), 1.91-1.80 (1H, m, “CH.H), 1.74-1.65 (m, 2H, “CH.CHp & °CH.H), 1.58-1.54 (2H, m,
CH,), 1.45-1.37 (4H, m, CHz & *CHaHp, °CHaHp), 1.32-1.20 (1H, m, P°CH.CHs), 1.00 (1H, qt, J = 15.9 Hz,
12.9 Hz, 3.0 Hz, ®CH.Hs), 0.91-0.81 (1H, m, “CH.Hs); 8¢ (100 MHz, CDCls) 173.2 (CO), 60.5 (CH,0), 58.0
(CHN), 56.3 (CH2N), 40.1 (CH2N), 36.5 (CH), 32.5 (CH,CO), 30.7 (CH,), 30.5 (CH,), 26.6 (CH>), 24.2 (CH>),
22.9 (CH,), 20.9 (CH3), 20.8 (CH,); HRMS (ESI): calcd. for C14H24NO, 238.1807. Found [MH]*, 238.1802
(-2.10 ppm error).

124



ru.so

r0.70

r0.65

r0.60

r0.55
r0.50

r0.45

r0.40

-0.35

r0.30

r0.25

r0.20

r0.15

r0.10

r0.05

r0.00

r-0.05

r0.65

r0.60

+0.55
+0.50
F0.45
+0.40
10.35
F0.30
F0.25
+0.20
F0.15
Lo.10
10.05
+0.00

r-0.05

c4892jad

James Donald - JD-96-173-X2

T80
S8°0 1
16°0
T0°T |
0z'T |
€T |
LE°T
Sb'T |
bS'T
85°T |
S9°T
v
08'T |
98'T |
v6'T

1/

=

50
907 1
T2
vee
572
82
627
167
€7
Ty
EA\E
05T ;w
€57

cge/
187~
v8'T—
sgz”

10—
90

fr—ﬁh

L3 e

99°€ —
eLre—

LYy —

}

1t

’

/

f1 (ppm)

c4892jad

James Donald - JD-96-173-X2

L0z
e
€82z \
60vz 7y -
S50z

9b°08

2908 N E
yA 4% -—
tos /.

soor

92°9S ~
S6°LS —
9865~

8T'ELT —

T T T T T T T
180 170 160 150 140 130 120 110

T
190

T
200

f1 (ppm)

125



Tetracosahydro-6H,10H,19H,23H- [1,10,5,14] dioxadiazacyclooctadecino[14,15-a:5,4-a’] diindole-
10,23-dione (6-82)

Crystalline solid (40.1 mg, 13%), R = 0.29 (84:15:1 hexane:diethyl ether:triethylamine); vma/cm™ (thin
film) 2924, 2853, 2804, 1719, 1467, 1445, 1343, 1247, 1158, 1076, 980, 891; &4 (400 MHz, CDCls)
4.21-4.10 (4H, m, CH,0), 2.99-2.90 (2H, bm, 2 x CHN), 2.73-2.64 (4H, bm, 2 x CHN & 2 x CHaH,N),
2.53-2.45 (2H, m, 2 x CH;HuN), 2.44-2.39 (m, 2H, 2 x CH.H,CO), 2.32-2.17 (4H, m, 2 x CH, 2 x
CH,H,CO), 2.01-1.86 (4H, m, °CH.Hy), 1.81-1.71 (4H, m, 2 x CHa), 1.69-1.62 (4H, m, 2 x CH,), 1.39-1.33
(2H, m, 2 x °CHaHy), 1.70-1.60 (m, 2H, 2 x “CH4Hb), 1.62-1.52 (4H, m, 2 x CH,), 1.45-1.35 (m, 4H, 2 x
CHa), 1.30-1.21 (8H, m, 2 x CHa, 2 X ®CHaHb, 2 x CHaHy), 1.07-0.95 (m, 2H, 2 x ‘CH.Hs), 0.89-0.78 (m,
2H, °CH.Hb); 8¢ (100 MHz, CDCls) 174.2 (CO), 61.5, (CH,0), 59.9 (CHN), 58.2 (CHN), 42.4 (CH3N), 36.0
(CH), 31.7 (CH,CO), 30.64 (CH>), 27.3 (CH>), 26.6 (CH,), 23.9 (CH>), 20.9 (CH;); HRMS (ESI): calcd. for
C2sH47N204 475.3536. Found [MH]*, 475.3532 (-0.841 ppm error).
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tert-Butyl 3-[1-(3-hydroxypropyl) piperidin-2-yl] propanoate (6-76)

To a solution of tert-butyl 3-(piperidin-2-yl) propanoate (1.07 g, 5.00 mmol) (6-52) potassium
carbonate (1.00 g, 7.50 mmol) and sodium iodide (0.150 g, 1.00 mmol) in dry acetonitrile 33.0 mL).
Bromopropanol (6-71) (0.830 g, 6.00 mmol) was added, and the resulting mixture was stirred at 100
°C for 24 hours. After allowing to cool to room temperature the reaction mixture was diluted with
EtOAc (100 mL) and washed with saturated NaHCO; aqueous solution (100 mL) then back extracted
with (EtOAc 100 mL). The organic phases were collected and dried using sodium sulfate, filtered and
the solvent removed under vacuum. The reaction mixture was purified by flash chromatography
(hexane:ethyl acetate:triethylamine 75:20:5) isolating the produce a clear oil (70.7 mg, 52% yield); R¢
= 0.25 (hexane:ethyl acetate:triethylamine 75:20:5); vmax/cm™ (neat) 3394, 2932, 2858, 1727, 1453,
1367, 1256, 1150, 1063, 848; 64 (400 MHz, CDCl;) 5.55 (1H, bs, OH), 3.74-3.63 (2H, m, CH,0OH),
2.91-2.81 (1H, m, CH.HuN), 2.91-2.81 (1H, m, CH.HuN), 2.40-2.32 (1H, m, CH,HuN), 2.30-2.23 (1H, m,
CHN), 2.22-2.04 (3H, m, CH,COO & CH;HpN), 1.86-1.76 (1H, m, CH.Hy), 1.73-1.62 (2H, m, CH.Hy,
CHaHy), 1.58-1.47 (3H, m, CH, & CH.Hy), 1.46-1.40 (2H, m, CH,H,, CH.Hy), 1.36 (9H, bs C(CHs)s),
1.31-1.21 (2H, m, CH,); 6. (100 MHz, CDCl3) 173.1 (€CO), 80.3 (C(CHs)3), 64.6 (CH,0H), 60.1 (CHN), 53.9
(CH2N), 50.3 (CHzN), 31.8 (CH,COO), 29.6 (CH3), 28.1 (C(CH3)s), 27.4 (CHy), 25.2 (CH,), 24.6 (CHy), 22.2
(CH3); HRMS (ESI) calcd. for C1sH3oNO3272.2226. Found [MH]* 272.2223 (-1.10 ppm error).
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Octahydro-5H-pyrido[1,2-e] [1,5] oxazonin-3(2H)-one (6-79)

O
G

\/\/

Procedure A

To a stirring solution of tert-butyl 3-[1-(3-hydroxypropyl) piperidin-2-yl] propanoate (6-76) (0.150 g,
0.553 mmol) in diethyl ether (0.6 mL), a solution of 4.0 M hydrochloric acid in 1,4 dioxane (1.38 mL,
5.53 mmol) was added dropwise and the reaction was left stirring at room temperature for 3 hours.
The reaction mixture was concentrated under vacuum using chloroform (3 x 20 mL) to make an
azeotropic solution. The intermediate 3-[1-(3-hydroxypropyl) piperidin-2-yl] propanoic acid was
dissolved in chloroform (5.53 mL) and DIPEA (0.713 g, 5.53 mmol) under argon, until all the reagents
dissolved into solution (30 minutes). T3P 50% w/v in ethyl acetate (0.528 g, 0.83 mmol) was added
dropwise and the reaction left to stir over night at room temperature. The reaction mixture was
concentrated under vacuum and purified via flash column chromatography (85:10:5 hexane:ethyl
acetate:triethylamine) to afford the title compound (5.1 mg, 5%); Rs = 0.53 (85:10:5 hexane:ethyl
acetate:triethylamine).

Procedure B

To a stirring solution of tert-butyl 3-[2-(3-hydroxypropyl)-1,2,3,4-tetrahydroisoquinolin-3-yl]
propanoate (6-76) (0.150 g, 0.553 mmol) in diethyl ether (0.6 mL), a solution of 4.0 M hydrochloric
acid in 1,4 dioxane (1.38 mL, 5.53 mmol) was added dropwise and the reaction was left stirring at
room temperature for 3 hours. The reaction mixture was concentrated under vacuum using
chloroform (3 x 20 mL) to make an azeotropic solution. The intermediate 3-[1-(3-hydroxypropyl)
piperidin-2-yl] propanoic acid was dissolved in dimethyl formamide (10.1 mL) and DIPEA (0.500 g, 3.87
mmol) under argon, until all the reagents dissolved into solution (30 minutes). 1-Ethyl-3-(3-
imethylaminopropyl) carbodiimide was (0.09 g, 0.66 mmol) and hydroxybenzotriazole (0.129 g, 0.83
mmol) were then added and the reaction left to stir over night at room temperature. The reaction
mixture was washed sequentially in diethyl ether (100 mL) and brine (100 mL) the aqueous phase was
back washed again with diethyl ether (100 mL). The organic phases were combined dried with sodium
sulfate, filtered, concentrated under vacuum and purified via flash column chromatography (85:10:5
hexane:ethyl acetate:triethylamine) forming the product (27.3 mg, 25%); Rf = 0.43 (85:10:5
hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 2928, 2855, 1735, 1444, 1343, 1242, 1059,
545; &y (400 MHz, CDCls) 4.88-4.48 (1H, bm, CH,H,0), 3.93-3.71 (1H, bm, CH,Hy0), 3.04-2.88 (1H,
bm, CHN), 2.84 (1H, dt, J = 12 Hz, 4 Hz CH,HyN), 2.55-2.45 (1H, bm CH,HuxN), 2.38-2.30 (1H, m,
CH,H,CO), 2.28-2.21 (1H, m, CH,H,CO), 2.12-1.95 (2H, bm, CH;N), 1.81-1.66 (2H, bm, CH,), 1.66-1.56
(2H, m, CHy), 1.49-1.37 (4H, m, CHaHy, CH; & CH,Hp), 1.32-1.23 (2H, m, CH,); 6. (100 MHz, CDCls)
174.8 (CO), 61.4 (CH,0), 58.3 (CHN), 50.5 (CH;N), 49.6 (CH;N), 31.7 (CH,CO), 28.4 (CH>), 28.2 (CH,),
24.2 (2 x CH3), 23.7 (CH,); HRMS (ESI) calcd. for C11H20NO; 198.149494. Found [MH]* 198.1490 (-2.02
ppm error).
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tert-Butyl 4-((3-hydroxypropyl) (methyl) amino) butanoate (6-77)
OH

/NM\)OJ\OJ<

To a solution of tert-butyl 4-(methylamino) butanoate (6-53) (0.173 g, 1.00 mmol) potassium
carbonate (0.138 g, 1.00 mmol) and sodium iodide (2 mg, 0.01 mmol) in dimethylformamide (10 mL).
Bromopropanol (6-71) (0.138 g, 1.00 mmol) was added, and the resulting mixture was stirred at room
temperature for 48 hours. After the reaction mixture was diluted with Et,0 (2 x 50 mL) and washed
with brine solution (2 x 50 mL). The organic phases were collected and dried using sodium sulfate,
filtered and the solvent removed under vacuum. The reaction mixture was purified by flash
chromatography (hexane:ethyl acetate:triethylamine 75:20:5) isolating the produce the desired
product (138 mg, 60%); Vmax/cm ™t 3425, 2976, 2801, 1725, 1367, 1147, 1060, 847; &4 (400 MHz, CDCls)
3.79-3.75 (2H, m, CH,0H), 2.62-2.58 (1H, m, CH,HpN), 2.42-2.37 (1H, m, CH,H,N), 2.26-2.22 (4H, m,
CH:N, CH,CO), 2.25 (3H, s, CHsN), 2.24-2.17 1.85-1.73 (2H, m, CHy), 1.71-1.66 (2H, m, CH,), 1.48 (9H,
s, C(CH3s)s); 6 (100 MHz, CDCls) rotamers observed in a 3:2 ratio 174.7minor, 172.8major (CO), 80.7minor,
80.4major (OC(CHs)3, 61.9minor, 58.4major (CH2N), 57.3major, 55.9minor (CH2N),42.0minor, 41.9major (CH3N),
33.2major, 32.6minor (CH2€0), 28.240th rotamers (OC(CH3)3, 22.7both rotamers (CH2), 27.9minor, 22.5major (CH2);
HRMS (ESI) calcd. for C1,H26N05232.1913. Found [MH]*, 232.1911 (-0.861 ppm error).

During the write up the NMR data was closely examined and additional peaks in the 3 CNMR spectra
were identified, questioning the purity of the sample. A potential reason for the subsequent failed
NICE, forming the lactone (6-80). Additional research is required into synthesising the compound (6-
77) and the lactone (6-80).
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5-Methyl-1,5-oxazonan-9-one (6-80)

N _~

To a stirring solution of tert-butyl 4-((3-hydroxypropyl) (methyl) amino) butanoate (6-77) (0.138 g,
0.596 mmol) in diethyl ether (2.00 mL), a solution of 4.0 M hydrochloric acid in 1,4 dioxane (3.0 mL,
12.0 mmol) was added dropwise and the reaction was left stirring at room temperature for 3 hours.
The reaction mixture was concentrated under vacuum using chloroform (3 x 10 mL) to make an
azeotropic solution. The intermediate lithium 4-(methyl(3-oxidopropyl) amino) butanoate was
dissolved in chloroform (15 mL) and DIPEA (0.115 g, 5.96 mmol) under argon, until all the reagents
dissolved into solution (30 minutes). T3P (0.569 g, 0.89 mmol) was then added, and the reaction left
to stir over night at room temperature. The reaction mixture was monitored by TLC after 24 hours
(hexane:ethyl acetate:triethylamine 75:20:5) but there was no evidence to suggest the NICE
proceeded. The reaction mixture was purified by flash column chromatography (14:4:1
dichlormethane:hexane:triethylamine) no identifiable product isolated so a 0% yield was recorded.
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Methyl (5)-2-((2-(hydroxymethyl) pyrrolidin-1-yl) methyl) benzoate (6-87)

[ \_oH

N

OMe
0]

To a stirring solution of potassium carbonate (0.415 g, 3.00 mmol) in acetonitrile (5.00 mL), (S)-
pyrrolidin-2-yl methanol (6-86) (0.101 g, 0.099 mL, 1.00 mmol) was added followed by methyl 2-
(bromomethyl) benzoate (6-1) (0.229 g, 1.00 mmol). The reaction mixture was heated to reflux at 90
°C for 1 hours before filtering through Celite washing with dichloromethane, concentrating under
vacuum and purifying by flash column chromatography (1:2 hexane:ethyl acetate — ethyl acetate) to
afford the title compound as a yellow oil (0.197 g, 79%), R¢= 0.2 (ethyl acetate - streak); vmax/cm™ (thin
film) 3505, 2950, 1717, 1269, 1079, 743; &4 (400 MHz, CDCl5) 7.76 (1H, d, J = 7.3 Hz, ArH), 7.47-7.37
(2H, m, 2 x ArH), 7.34-7.28 (2H, m, 2 x ArH), 4.50 (1H, d, J = 13.3 Hz, ArCH,HN), 3.90 (3H, s, OCHs),
3.72 (1H, dd, J = 13.5 Hz, 3.2 Hz, CH,H,OH), 3.45 (1H, d, J = 13.3 Hz, ArCH,HuN), 3.42-3.36 (1H, m,
CH.H,0OH), 2.90 (1H, br s, OH), 2.83-2.79 (1H, m, CH.HuN), 2.67-2.61 (1H, m, NCH), 2.24-2.20 (1H, m,
CHaHuN), 1.92-1.77 (2H, m, CH,), 1.70-1.55 (2H, m, CH,); 6. (100 MHz, CDCls) 169.2 (€CO), 140.6 (ArC),
131.4 (ArCH), 130.5 (ArC), 130.2 (ArCH), 129.9 (ArCH), 127.0 (ArCH), 65.3 (NCH), 61.9 (CH,0OH), 57.1
(ArCH2N), 54.9 (CH2N), 52.2 (OCH3), 27.1 (CH>), 23.2 (CH>); HRMS (ESI) calcd. for C14H20NO3 250.1443.
Found [MH]*, 250.1440 (-1.20 ppm error).
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(S)-2,3,3a,4-Tetrahydro-1H-benzo[f]pyrrole [2,1-c] [1,4] oxazocin-6 (11H)-one (6-89)

(7

To a stirring solution of methyl (S)-2-((2-(hydroxymethyl) pyrrolidin-1-yl) methyl) benzoate (6-87)
(0.132 g, 0.529 mmol) in methanol (1.16 mL), aqueous lithium hydroxide (0.5 M) was added (1.16 mL,
0.582 mmol) and heated for at 50 °C for 1 hours. The solvent was removed under vacuum using
chloroform (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium (S)-2-((2-
(oxidomethyl) pyrrolidin-1-yl) methyl) benzoate was dissolved in chloroform (5.20 mL) and DIPEA (0.17
mL, 0.979 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.505 g, 0.794 mmol) and
stirred at room temperature for 1 hours under argon. The reaction mixture was washed sequentially
in dichloromethane (3 x 20 mL) and water (20 mL) and the organic phases combined dried with
magnesium sulfate, filtered, concentrated under vacuum and purified via flash column
chromatography (4:1 = 1:1 hexane:ethyl acetate) to afford the title compound (0.105 g, 91%) R: =
0.45 (ethyl acetate); vmax/cm™ (thin film) 2962, 1715, 1271, 1093, 737; 64 (400 MHz, CDCl3) 7.34-7.29
(2H, m, 2 x ArH), 7.27-7.23 (1H, m, ArH), 7.10(1H, d,J=7.8 Hz, ArH), 4.18 (1H, d, J = 16.9, ArCH,HN),
3.98-3.95 (1H, OCH.H,CH), 3.87-3.85 (1H, OCH,H,CH), 3.81 (1H, d, /= 16.9, ArCH,HuN), 3.19-3.12 (1H,
m, NCH,Hs), 2.80-2.71 (2H, m, NCH.Hp, NH), 2.06—-1.68 (4H, m, 2 x CH;); 6. (100 MHz, CDCls) 173.7
(CO), 139.3 (ArC), 130.9 (ArC), 129.8 (ArCH), 128.9 (ArCH), 127.4 (ArCH), 126.0 (ArCH), 68.8 (OCH,CH),
64.3 (NCH), 56.1 (ArCH;N), 55.2 (NCH;), 30.1 (CH,), 23.4 (CH.); HRMS (ESI) calcd. for Ci3H16NO;
218.118. Found [MH]* 218.1177 (-1.84 ppm error).

137



£ N 2 @ © ¥ N o @ © T N Q 2 3 ® ¢ ¥ N o @ ¢ ¢ N 9 @ v ¥ o 9 g
© I « ~ N N N N - - — - - S < N N N N N - - - - - S S S <] S ?
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
L
=}
o
o boer —
80°0 —
n
69'T s
o\
mh.ﬁ N Tﬂ.ﬁ
€8T~ —_— 02
g1 — Wo.ﬁ Le
EANe N
50T
1255~
80'95
n
ey
. 299 —
— N .
67— Fooe 18'89 —
o
e e
~ .
e Toot
]
Il
6L€
€86\ _—
8 — -
s H{W.M Lo
86°c pio
n &
Fe g
o
o]
o y
Lz 66°SCT
o e V
£6'82T ~
6Tt *
n 68°0€T
[
bE6ET —
<
"o
n
~ [e ~
o o
O =]
2 2
£ 60 o fia
=0 A F - wEer—
N PPN E00'T N
o €TL @
NN 80°T ~
pu} . et o)
T 67¢ \ n a
= ves F =
0 3
> >
£ £
= Le a
£ ® E
=] 3
T T
g o g
3 Lo 3
1S £
S & 3 &
M= M=
= ° =
v2 Fa 2

138

210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)

220




Methyl 2-((benzyl (4-hydroxybutyl) amino) methyl) benzoate (6-96)

HO

To a stirring solution of potassium carbonate (0.415 g, 3.00 mmol) in acetonitrile (5.00 mL), 4-
(benzylamino) butan-1-ol (6-90) (0.179 g, 1.00 mmol) was added followed by methyl 2-(bromomethyl)
benzoate (6-1) (0.229 g, 1.00 mmol). The reaction mixture was heated to reflux at 90 °C for 3 hours
under argon before filtering through Celite washing with dichloromethane, concentrating under
vacuum and purifying by flash column chromatography (10:9:1 ethyl acetate:hexane:triethylamine) to
afford the title compound as a clear oil (0.327 g, 99%) Rf = 0.22 (14:5:1 hexane:ethyl
acetate:triethylamine); vmax/cm™ (thin film) 3391, 2945, 2803, 1718, 14334, 1265, 1081, 909, 729; &
(400 MHz, CDCls) 7.75 (1H, d, J = 7.81 Hz, ArCH), 7.66 (1H, d, /= 7.8 Hz, ArCH), 7.42 (1H, t, /= 7.5 Hz),
7.32-7.17 (6H, m, ArCH), 3.93 (2H, s, ArCHxN), 3.84 (3H, s, ArCHxN), 3.54 (2H, s, ArCH,N), 3.48 (2H, t, J
= 6.2 Hz, CH,CH:N), 2.42 (2H, t, J = 6.8 Hz, CH,CH,0H), 1.55 (2H, quintet, J = 6.6 Hz, CH,CH,CH,),
1.49-1.42 (2H, m, CH,CH,CHy); 6. (100 MHz, CDCl5) 168.9 (CO), 141.1 (ArC), 139.2 (ArC), 131.6 (ArCH),
131.0 (ArC), 130.2 (ArCH), 130.1 (ArCH), 129.1 (ArCH), 128.3 (ArCH), 127.0 (ArCH), 126.8 (ArCH), 62.4
(CH2N), 58.5 (ArCH:N), 56.6 (ArCH;N), 53.7 (CH,CH,0H), 52.1 (COOCHs), 30.8 (CHz), 23.4 (CH,); HRMS
(ESI) calcd. for C30H26N05328.1913. Found [MH]*328.1909 (-1.22 ppm error).
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7-Benzyl-3,4,5,6,7,6-hexahydro-1H-benzo[c] [1,6] oxazecin-1-one (6-102)

0]

@

To a stirring solution of methyl 2-((benzyl (4-hydroxybutyl) amino) methyl) benzoate (6-96) (0.327 g,
0.998 mmol) in tetrahydrofuran (2.20 mL), aqueous lithium hydroxide (0.5 M) was added (0.323 g, 2.7
mL, 1.35 mmol) and heated for at 50 °C for 2 hours. The solvent was removed under vacuum using
dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium 2-(((3-hydroxy-
3-phenylpropyl) (methyl)amino) methyl) benzoate was dissolved in chloroform (9.98 mL) and DIPEA
(0.303 g, 0.445 mL, 2.35 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.127 g, 2.00
mmol) and stirred at room temperature for 2 hours under argon. The reaction mixture was washed
sequentially in dichloromethane (2 x 100 mL) and brine (50 mL), the organic phases combined dried
with sodium sulfate, filtered, concentrated under vacuum and purified via flash column
chromatography (15:4:1 hexane:ethyl acetate:triethylamine) to afford the title compound (0.230 g,
78%) R¢= 0.49 (15:4:1 hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3063, 2954, 2799,
2251, 1717, 1452, 1294, 1266, 1131, 1091, 908, 725; &4 (400 MHz, CDCl5) 7.72 (1H, dd, J=7.7 Hz, 1.4
Hz, ArH), 7.39-7.18 (8H, m, ArH), 5.05-2.82 (6H, bm, NCH, NCH,Ar, NCH,Ar), 2.34-2.13 (2H, m, CH;0),
1.89-1.54 (4H, m, CH,CH,); 6. (100 MHz, CDCl3) 169.9 (CO), 140.4 (ArC), 139.2 (ArC), 134.0 (ArC), 130.5
(ArCH), 130.2 (ArCH), 129.7 (ArCH), 129.6 (ArCH), 128.3 (ArCH) 127.6(ArCH), 127.6 (ArCH), 127.0
(ArCH), 65.8 (CH;N), 59.8 (CH,0), 57.0 (CH2N), 53.2 (CH2N), 25.4 (CH), 23.19 (CH2); HRMS (ESI) calcd.
for C1gH2,N07296.1651. Found [MH]* 296.1643 (-2.70 ppm error).
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Methyl 2-((benzyl(3-hydroxypropyl) amino) methyl) benzoate (6-97)

N 0]

@)
HO

To a stirring solution of potassium carbonate (0.415 g, 3.00 mmol) in acetonitrile (5 mL), (3-
(benzylamino) propan-1-ol (6-91) (0.165 g, 1.00 mmol) was added followed by methyl 2-
(bromomethyl) benzoate (6-1) (0.230 g, 1.00 mmol). The reaction mixture was heated to reflux at 90
°C for 3 hours under argon before filtering through Celite washing with dichloromethane,
concentrating under vacuum and purifying by flash column chromatography (8:2 hexane:ethyl
acetate) to afford the title compound as a clear oil (0.272 g, 87%) R¢ = 0.54 (8:2 hexane:diethyl ether);
vmax/cm™! (thin film) 3402, 2949, 2242, 1718, 1434, 1264, 1130, 1078, 909, 729, 699; &4 (400 MHz,
CDCl3) 7.79 (1H, d, J = 7.7 Hz, ArH), 7.57 (1H, d, J = 7.8 Hz, ArH), 7.44 (1H, t, J = 7.5 Hz, ArH), 7.30-7.28
(4H, m, ArH), 7.27-7.20 (2H, m, ArH), 3.93 (2H, s, ArCHxN), 3.89 (1H, bs, OH), 3.84 (3H, s, OCHs), 3.57
(2H, s, ArCHzN), 3.55 (2H, t, J = 5.4 Hz, CH,CH,0H), 2.57 (2H, t, / = 6.3 Hz, NCH,CH,), 1.70 (2H, quintet,
J =6.0 Hz, CH,CH,CH); 6. (100 MHz, CDCls) 168.5 (CO), 140.5 (ArC), 138.5 (ArC), 131.8 (ArCH), 131.0
(ArC), 130.3 (ArCH), 129.3 (ArCH), 128.4 (ArCH), 127.3 (ArCH), 127.0 (ArCH), 62.8 (CH,CH,0H), 58.8
(ArCH;N), 56.5 (ArCH;N), 52.3 (CH,CH;N), 52.2 (CHs0), 28.7 (CH,CH,CH,); HRMS (ESI) calcd. for
C19H24N0O3314.1756. Found [MH]* 314.1745 (-3.51 ppm error).
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4-Benzyl-4,5,6,7-tetrahydrobenzo[g] [1,5] oxazonin-1(3H)-one (6-103)

0]

G

To a stirring solution of methyl 2-((benzyl(3-hydroxypropyl) amino) methyl) benzoate (6-97) (0.272 g,
0.869 mmol) in tetrahydrofuran (8.70 mL), aqueous lithium hydroxide (0.5 M) (2.00 mL, 1.04 mmol)
was added and the resulting mixture was heated at 50 °C for 3 hours. The solvent was removed under
vacuum using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium
2-((benzyl(3-oxidopropyl) amino) methyl) benzoate was dissolved in chloroform (8.70 mL) and DIPEA
(0.208 g, 0.280 mL, 1.61 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.830 g, 1.30
mmol). The mixture was stirred at room temperature for 3 hours under argon. The reaction mixture
was washed sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases
combined dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash
column chromatography (8:2 hexane:ethyl acetate) to afford the title compound (0.181 g, 74%) R =
0.52 (8:2 hexane:ethyl acetate); vmax/cm™ (thin film) 2956, 2803, 2251, 1719, 1605, 1450, 1352, 1265,
1239, 1136, 1067, 989, 909, 767, 727, 699; &4 (400 MHz, CDCl5) 7.70 (1H, dd, J = 6.9 Hz, 2.1 Hz, ArH),
7.37-7.31(2H, m, 2 x ArH), 7.30-7.25 (2H, m, 2 x ArH), 7.21-7.18 (4H, m, 4 x ArH), 4.96-3.80 (3H, m,
CH,0 & CH,HN), 3.75-3.16 (3H, CH.H,N, ArCH:N), 2.67 (2H, s, ArCH;N), 2.04-1.60 (CH,CH.CH,); &.
(100 MHz, CDCl5) 172.1 (CO), 142.5 (ArC), 138.4 (ArC), 133.7 (ArC), 130.5 (ArCH), 129.5 (ArCH), 129.4
(ArCH), 129.0 (ArCH), 128.3 (ArCH), 127.4 (ArCH), 127.1 (ArCH), 66.9 (CH,0), 59.92 (ArCH;N), 55.91
(ArCH2N), 51.7 (CH,CH;N), 25.4 (CH,CH,CH;); HRMS (ESI) calcd. for C1sH20NO,282.1494. Found [MH]*
282.1485 (-3.19 ppm error).
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Methyl 2-((2-(2-hydroxyethyl) piperidin-1-yl) methyl) benzoate (6-98)

(Nj\AOH

SN

0]

To a stirring solution of potassium carbonate (0.416 g, 3.00 mmol) in acetonitrile (5.00 mL), 2-
(piperidin-2-yl) ethan-1-ol (6-92) (0.129 g, 1.00 mmol) was added followed by methyl 2-(bromomethyl)
benzoate (6-1) (0.229 g, 1.00 mmol). The reaction mixture was heated to reflux at 90 °C for 1 hours
before filtering through Celite washing with dichloromethane, concentrating under vacuum and
purifying by flash column chromatography (1:2 hexane:ethyl acetate — ethyl acetate) to afford the
title compound as a yellow oil (0.262 g, 94%) R¢= 0.2 (ethyl acetate - streaks); vmax/cm™ (thin film)
3417, 2932, 1721, 1264, 1085, 739; &H (400 MHz, CDCl5); 7.79 (1H, d, J = 7.8 Hz, ArCH), 7.44-7.40 (2H,
m, 2 x ArCH), 7.30-7.24 (1H, m, ArCH), 4.26 (1H, d, /= 13.7, ArCH.HyN), 3.94 (1H, d, J = 13.7, ArCH,HuN),
3.87 (3H, s, OCHs), 3.77-3.70 (1H, m, CH,H,OH), 3.63—-3.55 (1H, m, CH,H,OH), 2.91-2.84 (1H, m, CH.H-
bN), 2.81-2.75 (1H, m, CHN), 2.33-2.29 (1H, m, CH,HN), 2.05-2.29 (1H, m, CH.Hyp), 1.85-1.78 (1H, m,
CH,Hy), [1.69-1.32 (6H, m, 3 x CH;)]; 6. (100 MHz, CDCl5); 168.6 (CO), 140.8 (ArC), 131.7 (ArCH), 130.6
(ArC), 130.4 (ArCH), 130.2 (ArCH), 126.9 (ArCH), 62.1 (CH,0H), 58.8 (CHN), 55.0 (ArCH;N), 52.2 (OCHs),
48.4 (CH2N), 31.6 (CH,), 27.1 (CH3), 22.4 (CH3), 21.7 (CH3); HRMS (ESI) calcd. for C16H24NO3 278.1756.
Found [MH]*, 278.1745 (1.5 ppm error).
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8,8a,9,10,11,12-Hexahydro-7H-benzo [g]pyrido[2,1-d] [1,5] oxazonin-5 (14H)-one (6-104)
(0]

o)

N

To a stirring solution of methyl 2-((2-(2-hydroxyethyl) piperidin-1-yl) methyl) benzoate (6-98) (0.245
g, 0.883 mmol) in methanol (1.94 mL), aqueous lithium hydroxide (0.5 M) was added (1.94 mL, 0.971
mmol) and heated for at 50 °C for 1 hours. The solvent was removed under vacuum using chloroform
(5 x 50 mL) to form an azeotropic mixture. The intermediate lithium 2-((2-(2-oxidoethyl) piperidin-1-
yl) methyl) benzoate was dissolved in chloroform (8.8 mL) and DIPEA (0.285 mL, 1.63 mmol) was added
followed by T3P 50% w/v in ethyl acetate (0.834 g, 1.32 mmol) and stirred at room temperature for 1
hours under argon. The reaction mixture was washed sequentially in dichloromethane (3 x 20 mL) and
water (20 mL) and the organic phases combined dried with magnesium sulfate, filtered, concentrated
under vacuum and purified via flash column chromatography (3:1 = 1:1 hexane:ethyl acetate) to
afford the title compound as a colourless oil (0.154 g, 71%) as a roughly 6:1 mixture of rotamers R¢=
0.5 (ethyl acetate); vmax/cm™ (thin film) 2932, 1727, 1121, 1086, 734; &4 (400 MHz, CDCls); 7.55 (1H,
d, J=7.3, ArCH)poth rotamers, 7.33—7.27 (2H, m, 2x ArCH)botn rotamers, 7.14 (1H, d, J = 7.8 Hz, ArCH)poth rotamers,
5.32-5.25 (1H, m, CHaHuO)major rotamer, 5.15—-5.09 (1H, m, CHaHuO)minor rotamer, 4.65 (1H, d, J = 13.7,
ArCHaHuN)major rotamer, 4.26 (1H, d, J = 14.2, ArCHaHbN ) minor rotamer, 4.09—4.06 (1H, m, ArCHaHobN)minor rotamer,
3.99 (1H, d, J = 13.7 CHaHuO)major rotamer, 3.40 (1H, d, J = 14.2, ArCH;HuN)minor rotamer, 2.99-2.00 (1H, m,
CHN)minor rotamer, 2.74 (1H, d, J = 13.7, ArCHzHuN)major rotamer, [2.70-2.48 (3H, m, CH2N, CHN)]both rotamers,
[16H in total 2.16-1.21 (M) both rotamers]; Oc (100 MHz, CDCl3); data for the major rotamer only 172.0
(CO), 143.0 (ArC), 133.5 (ArC), 130.1 (ArCH), 128.9 (ArCH), 128.6 (ArCH), 127.1 (ArCH), 63.1 (OCH,CH),
58.4 (NCH), 57.2 (ArCHxN), 53.5 (CH2N), 32.1 (CH,), 31.2 (CH3), 25.7 (CH,), 24.6 (CH,); HRMS (ESI): calcd.
for C1sH20NO3, 246.1494. Found [MH]*, 246.1481 (-5.28 ppm error).
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Methyl 2-((butyl (2-hydroxyethyl) amino) methyl) benzoate (6-99)

SN

0]

To a stirring solution of potassium carbonate (0.416 g, 3.00 mmol) in acetonitrile (5.00 mL), 2-
(butylamino) ethan-1-ol (6-93) (0.151 g, 1.30 mmol) was added followed by methyl 2-(bromomethyl)
benzoate (6-1) (0.229 g, 1.00 mmol). The reaction mixture was heated to reflux at 90 °C for 1 hours
before filtering through Celite washing with dichloromethane, concentrating under vacuum and
purifying by flash column chromatography (1:2 hexane:ethyl acetate — ethyl acetate) to afford the
title compound as a yellow oil (0.225 g, 85%) R¢= 0.3 (ethyl acetate - streak); vmax/cm™ (thin film) 3443,
2953, 1719, 1267, 1044, 740; &4 (400 MHz, CDCls) 7.69 (1H, d, J = 7.8 Hz, ArCH), 7.44-7.37 (2H, m, 2 x
ArCH), 7.30-7.26 (1H, m, ArCH), 3.87 (5H, s, OCH,, OCHs), 3.52 (2H, t, /= 5.1, CH,0OH), 2.57 (2H, t, J =
5.1, CH;N), 2.39-2.35 (2H, m, CH3N), 1.42-1.34 (2H, m, CHy), 1.24-1.14 (2H, m, CH), 0.81 (3H, t, J =
7.3, CH;CH3); 6 (100 MHz, CDCls) 169.4 (CO), 140.4 (ArC), 135.4 (ArCH), 131.3 (ArC), 130.5 (ArCH),
129.9 (ArCH), 127.1 (ArCH), 50.0 (CH,0H), 57.1 (ArCH2N), 55.8 (CH;N), 54.0 (CH;N), 52.3 (OCH3), 28.6
(CH,), 20.6 (CH;), 14.1 (CHs); HRMS (ESI) calcd. for C15H24NO5 266.1756. Found [MH]* 266.1745 (-4.13
ppm error).
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5-Butyl-3,4,5,4-tetrahydro-1H-benzo[f] [1,4] oxazocin-1-one (6-105)

)
O

)

N

e

To a stirring solution of methyl 2-((butyl(2-hydroxyethyl) amino) methyl) benzoate (6-99) (0.176 g,
0.663 mmol) in methanol (1.46 mL), aqueous lithium hydroxide (0.5 M) was added (1.46 mL, 0.730
mmol) and heated for at 50 °C for 1 hours. The solvent was removed under vacuum using chloroform
(5 x 50 mL) to form an azeotropic mixture. The intermediate lithium 2-((butyl(2-oxidoethyl) amino)
methyl) benzoate was dissolved in chloroform (6.60 mL) and DIPEA (0.214 mL, 1.23 mmol) was added
followed by T3P 50% w/v in ethyl acetate (0.633 g, 0.995 mmol) and stirred at room temperature for
1 hours under argon. The reaction mixture was washed sequentially in dichloromethane (3 x 20 mL)
and water (20 mL) and the organic phases combined dried with magnesium sulfate, filtered,
concentrated under vacuum and purified via flash column chromatography (3:1 - 1:1 hexane:ethyl
acetate) to afford the title compound as a colourless oil (0.097 g, 63%); Vmax/cm™ (thin film) 2956,
1714, 1276, 1112, 736; 6u (400 MHz, CDCls) 7.38-7.36 (1H, m, ArCH), 7.34-7.32 (1H, m, ArCH),
7.28-7.24 (1H, m, ArCH), 7.11 (1H, d, J = 7.8 Hz, ArCH) 4.00 (2H, t, J = 5.5, OCH.CH,), 3.83 (2H, s,
ArCH:N), 2.86 (2H, t, J = 5.5, CH:N), 2.64 (2H, t, J = 7.5, CH;N), 1.52-1.45 (2H, m, CH,), 1.32-1.22 (2H,
m, CH,), 0.87 (3H, t, J = 7.3, CH,CH3); 6. (100 MHz, CDCls) 173.6 (CO), 139.8 (ArC), 130.1 (ArC & ArCH),
129.7 (ArCH), 127.4 (ArCH), 126.3 (ArCH), 65.9 (CH,0), 58.3 (ArCH;N), 57.6 (CH;N), 56.8 (CH;N), 29.3
(CH,), 20.4 (CH,), 14.1 (CH3); HRMS (ESI) calcd. for C14H20NO; 234.1494. Found [MH]* 234.1487 (-2.99
ppm error).
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Methyl 2-(((3-hydroxy-3-phenylpropyl) (methyl) amino) methyl) benzoate (6-94)

To a stirring solution of potassium carbonate (0.415 g, 3.00 mmol) in acetonitrile (5.00 mL), 3-
(methylamino)-1-phenylpropan-1-ol (6-94) (0.165 g, 1.00 mmol) was added followed by methyl 2-
(bromomethyl) benzoate (6-1) (0.229 g, 1.00 mmol). The reaction mixture was heated to reflux at 90
°C for 3 hours under argon before filtering through Celite washing with dichloromethane,
concentrating under vacuum and purifying by flash column chromatography (10:9:1 ethyl
acetate:hexane:triethylamine) to afford the title compound as a clear oil (0.244 g, 78%) R¢= 0.54
(10:9:1 ethyl acetate:hexane:triethylamine); vmax/cm™ (thin film) 3028, 2950, 2842, 2245, 1720, 1451,
1269, 1083, 909, 730; 64 (400 MHz, CDCl3) 7.87 (1H, dd, J = 7.8 Hz, 1.2 Hz, ArH), 7.47-7.40 (2H, m,
ArH), 7.33-7.24 (5H, m, ArH), 7.19 (1H, tt, /= 6.1 Hz, 1.70 Hz, ArH), 5.74 (1H, bs, OH), 4.82-4.79 (1H,
m, CHOH), 3.96 (1H, d, J = 13.2 Hz, ArCH.HyN), 3.88 (3H, s, NCHs), 3.82 (1H, d, J = 13.2 Hz, ArCH,HN),
2.78-2.71 (1H, m, NCH.Hy), 2.63-2.56 (1H, m, NCH.Hy), 2.25 (3H, s, NCHs), 1.89-1.77 (2H, m,
CH>CH,CH); 6. (100 MHz, CDCl5) 168.3 (€O), 145.2 (ArC), 139.5 (ArC), 131.9 (ArCH), 131.0 (ArCH), 130.8
(ArC), 130.7 (ArCH), 128.3 (ArCH), 127.4 (ArCH), 126.9 (ArCH), 125.7 (ArCH), 75.1 (CHOH), 60.7
(ArCH;N), 56.5 (NCH,CH,), 52.3 (COOCHs), 41.9 (NCHs), 35.1 (CH,CH,CH); HRMS (ESI) calcd. for
C19H24N0O3314.1756. Found [MH]*, 314.1751 (-2.99 ppm error).
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4-Methyl-3-phenyl-4,5,6,7-tetrahydrobenzo[g] [1,5] oxazonin-1(3H)-one (6-106)
(0]

)

To a stirring solution of methyl 2-(((3-hydroxy-3-phenylpropyl) (methyl)amino) methyl) benzoate (6-
100) (0.088 g, 0.280 mmol) in tetrahydrofuran (0.70 mL), aqueous lithium hydroxide (0.5 M) was
added (0.670 mL, 0.336 mmol) and heated for at 50 °C for 3 hours. The solvent was removed under
vacuum using chloroform (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium 2-
((benzyl(4-oxidobutyl) amino) methyl) benzoate was dissolved in chloroform (2.8 mL) and DIPEA
(0.067 g, 0.09 mL, 0.518 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.267 g, 0.420
mmol) and stirred at room temperature for 24 hours under argon. The reaction mixture was washed
sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases combined
dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash column
chromatography (15:4:1 hexane:ethyl acetate:triethylamine) to afford the title compound (0.034 g,
43%) Rf= 0.52 (15:4:1 hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3030, 2941, 2844,
2794, 1718, 1449, 1271, 1239, 1112, 1019, 841, 733; &4 (400 MHz, CDCls) 7.65 (1H, d, J = 7.19 Hg,
ArCH), 7.43 (2H, d, J = 7.73 Hz, ArCH), 7.38-7.33 (3H, m, ArCH), 7.31-7.26 (2H, m, ArCH), 7.23 (1H, d,
J=7.36 Hz, ArCH), 6.12 (1H, d, J = 10.3 Hz, ArCHO), 4.47 (1H, d, J = 13.8 Hz, ArCH,HN), 2.92 (1H, d, J =
13.8 Hz, ArCH,HpN), 2.90-2.85 (2H, m, CH;N), 2.49-2.37 (1H, m, CH,CH,H,CH), 2.17 (3H, s, CHsN),
1.96-1.90 (1H, m, CH,CH.H,CH); &. (100 MHz, CDCl5) 171.5 (€CO), 142.5 (ArC), 141.1 (ArC), 133.5 (ArC),
130.3 (ArCH), 129.0 (ArCH), 128.6 (ArCH), 128.4 (ArCH), 127.8 (ArCH), 127.3 (ArCH), 126.3 (ArCH), 78.7
(CHO), 56.2 (ArCH3N), 55.2 (CHzN), 43.0 (CHsN), 32.4 (CH2CH,CH); HRMS (ESI) calcd. for C1sH20NO;
282.1498. Found [MH]* 282.1487 (-3.90 ppm error).
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Methyl 2-(((2-hydroxy-2-phenylethyl) (methyl) amino) methyl) benzoate (6-101)
OH |
©)\/ N
9

To a stirring solution of potassium carbonate (0.415 g, 3.00 mmol) in acetonitrile (5.00 mL), N-
methylphenylethanolamine (6-95) (0.151 g, 1.00 mmol) was added followed by methyl 2-
(bromomethyl) benzoate (6-1) (0.229 g, 1.00 mmol). The reaction mixture was heated to reflux at 90
°C for 3 hours under argon before filtering through Celite washing with dichloromethane,
concentrating under vacuum and purifying by flash column chromatography (15:4:1 hexane:ethyl
acetate:triethylamine) to afford the title compound as a clear oil (0.299 g, 99%) R¢= 0.34 (14:5:1
hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3494, 3029, 2951, 2843, 1718, 1443, 1249,
1269, 1082, 1017, 869,743; &4 (400 MHz, CDCls3) 7.79 (1H, d, J = 7.6 Hz, ArH), 7.44-7.30 (7H, m, ArH),
7.27-7.22 (1H, m, ArH), 4.76 (1H, dd, J = 10.5 Hz, 3.1 Hz, ArCHOH), 4.00 (1H, d, / = 13.1 Hz, NCH.HAr),
3.91 (3H, s, CHs0), 3.83 (1H, d, / = 13.1 Hz, NCH,HuAr), 2.64-2.58 (1H, m, CHCH,H,N), 2.53-2.48 (1H,
m, CHCH,HuN), 2.24 (3H, s, CH3N);6. (100 MHz, CDCls) 169.2 (CO), 142.4 (ArC), 139.6 (ArC), 131.5
(ArCH), 131.3 (ArC), 130.8 (ArCH), 130.3 (ArCH), 128.4 (ArCH), 127.5 (2x ArCH), 126.1 (ArCH), 69.9
(ArCHOH), 66.6 (CHCHN), 60.7 (NCHAr ), 52.4 (CH30), 42.1 (CHsN); HRMS (ESI) calcd. for C1gH2,NO;
300.1600. Found [MH]*, 300.1587 (-4.33 ppm error).
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5-Methyl-3-phenyl-3,4,5,4-tetrahydro-1H-benzo[f] [1,4] oxazocin-1-one (6-107)
O
)

O~

N
|

To a stirring solution of methyl 2-(((2-hydroxy-2-phenyl ethyl) (methyl) amino) methyl) benzoate (6-
101) (0.299 g, 1.00 mmol) in tetrahydrofuran (2.20 mL), aqueous lithium hydroxide (0.5 M) (2.2 mL,
1.1 mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed under vacuum
using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium 2-
((methyl(2-oxido-2-phenylethyl) amino) methyl) benzoate was dissolved in chloroform (10 mL) and
DIPEA (0.239 g, 0.322 mL, 1.85 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.955 g,
1.50 mmol) and stirred at room temperature for 2 hours under argon. The reaction mixture was
washed sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases
combined dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash
column chromatography (15:4:1 hexane:ethyl acetate:triethylamine) to afford the title compound
(0.0904 g, 34%) R¢= 0.39 (15:4:1 hexane:ethyl acetate:triethylamine); Vmax/cm™ (thin film) 3063, 2948,
2848, 2808, 1714, 1455, 1267, 1230, 1114, 1078, 1031, 920, 776, 745, 727; 64 (400 MHz, CDCls)
7.40-7.34 (2H, m, ArH), 7.32-7.24 (6H, m, ArH), 7.16 (1H, d, J = 7.7 Hz, ArH), 5.04 (1H, dd, /= 11.0 Hz,
3.7 Hz, CH), 4.06 (1H, d, J = 17.1 Hz, NCH,CHyAr), 3.84 (1H, d, / = 17.1 Hz, NCH.CH,Ar), 2.93-2.80 (2H,
m, NCH,CH), 2.58 (3H, s, CH3N); & (100 MHz, CDCls) 172.5 (€O), 139.3 (ArC), 137.4 (ArC), 130.8 (ArC),
130.1 (ArCH), 129.5 (ArCH), 128.7 (ArCH), 128.4 (ArCH), 127.5 (ArCH), 126.2 (ArCH), 126.0 (ArCH),
77.9(CH), 66.2 (NCH,CH), 60.2 (NCHAr), 46.4 (CH3N); HRMS (ESI) calcd. for C17H1sNO,268.1338. Found
[MH]* 268.1332 (-2.24 ppm error).
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Methyl (5)-2-(2-((2-(hydroxymethyl) pyrrolidin-1-yl) methyl) phenyl) acetate (6-110)

[ doH

N

(@) OMe

To a stirring solution of potassium carbonate (0.207 g, 1.50 mmol) in acetonitrile (5.00 mL), (S)-
pyrrolidin-2-yl methanol (6-86) (0.101 g, 1.00 mmol) was added followed by methyl 2-(2-
(bromomethyl) phenyl) acetate (6-109) (0.243 g, 1.00 mmol). The reaction mixture was heated to
reflux at 90 °C for 3 hours under argon before filtering through Celite washing with dichloromethane,
concentrating under vacuum and purifying by flash column chromatography (15:4:1 hexane:ethyl
acetate:triethylamine) to afford the title compound an oil (0.114 g, 43%) R¢ = 0.3 (15:4:1 hexane:ethyl
acetate:triethylamine); vmax/cm™ (thin film) 365, 2953, 2799, 1735, 1441,1336, 1266, 1159, 1020, 754;
61 (400 MHz, CDCl3) 7.26-7.17 (4H, m, 4 x ArH), 4.07 (1H, d, J = 12.7 Hz, ArCH.H,N), 3.76 (1H, d, J =
15.6 Hz, ArCH,H,COOMe), 3.70 (1H, d, J = 15.6 Hz, ArCH,H,COOMe), 3.68 (1H, dd, J = 11.4 Hz, 3.0 Hz,
CHCH.H,0H), 3.65 (3H, s, OCH3), 3.42 (1H, dd, J = 11.4 Hz, 3.0 Hz, CHCH,H,OH), 3.24 (1H, d, J = 12.7
Hz, ArCH.HuN), 2.80 (1H, bs, OH), 2.71-2.66 (1H, m, CH;HpN), 2.61-2.56 (1H, m, CHN), 2.71-2.10 (1H,
m, CH,HyN), 1.92-1.78 (1H, m, CH3), 1.68-1.60 (1H, m, CH,H;), 1.58-1.48 (1H, m, CH,Hs); 6. (100 MHz,
CDCl3) 172.7 (CO), 138.0 (ArC), 133.4 (ArC), 131.5 (ArCH), 130.3 (ArCH), 127.7 (ArCH), 127.4 (ArCH),
65.9 (CH), 62.3 (CHCH,0H), 58.3 (ArCH;N), 54.8 (CH;N), 52.1 (OCHs), 38.8 (ArCH,COOMe), 27.2 (CH>),
23.4 (CH3); HRMS (ESI) calcd. for Ci15H22NO3 264.1600. Found [MH]* 264.1597 (-1.14 ppm error).
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(S)-2,3,3a,4,7,12-Hexahydro-1H,6 H-benzo[f]pyrrole [2,1-c] [1,4] oxazonin-4-one (6-113)

0]
O
N

To a stirring solution of methyl (S)-2-(2-((2-(hydroxymethyl) pyrrolidin-1-yl) methyl) phenyl) acetate
(6-110) (0.114 g, 0.432 mmol) in tetrahydrofuran (1.12 mL), aqueous lithium hydroxide (0.5 M) (1.12
mL, 0.562 mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed under
vacuum using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium
(S)-2-(2-((2-(oxidomethyl) pyrrolidin-1-yl) methyl) phenyl) acetate was dissolved in chloroform (4.32
mL) and DIPEA (0.103 g, 0.139 mL, 0.799 mmol) was added followed by T3P 50% w/v in ethyl acetate
(0.412 g, 0.648 mmol) and stirred at room temperature for 24 hours under argon. The reaction mixture
was washed sequentially in dichloromethane (2 x 100 mL) and brine (50 mL), and the organic phases
combined dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash
column chromatography (10:9:1 hexane:ethyl acetate:triethylamine) to afford the title compound
(0.0625 g, 63%) R¢= 0.39 (10:9:1 hexane:ethyl acetate:triethylamine); Vmax/cm™ (thin film) 2950, 1732,
1554, 1329, 1142, 1095, 744; 6 (400 MHz, CDCls3) 7.25-7.17 (3H, m, 3 x ArH), 7.11-7.09 (1H, m, ArH),
4.34 (1H, dd, J=10.4 Hz, 4.7 Hz CH,H,0), 4.12 (1H, d, J = 13.0 Hz, ArCH,H,N), 4.00 (1H, dd, / = 10.4 Hz,
4.7 Hz, CH,H,0), 3.80 (1H, d, J = 14.0 Hz, ArCH,H,CO), 3.58 (1H, d, J = 13.0 Hz, ArCH,H,N), 3.51 (1H, d,
J =14.0 Hz, ArCH,H,CO), 3.09-3.03 (1H, m, CH), 2.76 (1H, m, CH,HyN), 2.36-2.30 (1H, m, CH,HyN),
1.90-1.80 (1H, m, CH.Hy), 1.76-1.60 (2H, m, CH;), 1.49-1.44 (1H, m, CH,Hy); 6. (100 MHz, CDCl;) 172.9
(CO), 138.8 (ArC), 135.4 (ArC), 131.8 (ArCH), 129.8 (ArCH), 127.9 (ArCH), 127.2 (ArCH), 71.9 (CH,0),
60.4 (CHN), 59.7 (ArCHzN), 50.0 (CH,CH:N), 41.8 (ArCH,0), 27.5 (CH;), 24.9 (CH2); HRMS (ESI) calcd.
for Ci4H1sNO, 232.1338. Found [MH]* 232.1335 (-1.29 ppm error); [a]p®® = 25.9 (c = 1.0,
dichloromethane), recorded using a Bellingham + Stanley RFM340-T refractometer.
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Methyl 2-(2-((benzyl(4-hydroxybutyl) amino) methyl) phenyl) acetate (6-111)

0]

o

OH

To a stirring solution of potassium carbonate (0.415 g, 3.00 mmol) in acetonitrile (5.00 mL), 4-
benzylamino butan-1-ol (6-90) (0.179 g, 1.00 mmol) was added followed by methyl 2-(2-
(bromomethyl) phenyl) acetate (6-109) (0.243 g, 1.00 mmol). The reaction mixture was heated to
reflux at 90 °C for 3 hours under argon before filtering through Celite washing with dichloromethane,
concentrating under vacuum and purifying by flash column chromatography (10:9:1 hexane:ethyl
acetate:triethylamine) to afford the title compound as a clear oil (0.110 g, 32%) R¢ = 0.5 (10:9:1
hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3418, 2943, 1734, 1453, 1162, 1056, 745,
700; 64 (400 MHz, CDCls) 7.37-7.33 (1H, m, ArH), 7.31-7.27 (4H, m, 4x ArH), 7.25-7.30 (3H, m, 3x
ArH), 7.19 -7.16 (1H, m, ArH), 3.79 (2H, s, ArCH,COOCH3), 3.61 (3H, s, OCHs), 3.55 (2H, s, ArCH;N),
3.52 (2H, s, ArCH;N), 3.48 (2H, t, J = 6.0 Hz, CH,CH,0H), 2.40 (2H, t, J = 6.8 Hz, CH,CH;N), 1.57 (2H,
quintet, J = 6.8 Hz, CH,CH,CH), 1.47 (2H, quintet, J = 6.0 Hz, CH,CH,CH>); 6. (100 MHz, CDCl3) 172.5
(CO), 139.2 (ArC), 137.7 (ArC), 133.8 (ArC), 131.0 (ArCH), 131.0 (ArCH), 129.4 (ArCH), 128.3 (ArC), 127.5
(ArCH), 127.2 (ArCH), 127.1 (ArCH), 62.5 (CH,CH,0OH), 58.9 (ArCH;N), 57.3 (ArCH;N), 53.6(CH,CH:N),
52.0 (OCHs), 38.0 (ArCH,COOCHS3), 30.8 (CH,), 23.4 (CH>); HRMS (ESI) calcd. for C21H2sNO3 342.2069.
Found [MH]* 342.2065 (-1.17 ppm error).
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2-Benzyl-1,3,4,5,6,9-hexahydrobenzo[h][1] oxa [6] azacycloundecin-8 (2H)-one (6-114)

Co

N

o]

To a stirring solution of methyl 2-(2-((benzyl (4-hydroxy butyl) amino) methyl) phenyl) acetate (6-111)
(0.109 g, 0.320 mmol) in tetrahydrofuran (0.830 mL), aqueous lithium hydroxide (0.5 M) (0.830 mL,
0.417 mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed under vacuum
using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium 2-(2-
((benzyl(4-oxidobutyl) amino) methyl) phenyl) acetate was dissolved in chloroform (3.12 mL) and
DIPEA (0.077 g, 0.103 mL, 0.592 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.306 g,
0.480 mmol) and stirred at room temperature for 24 hours under argon. The reaction mixture was
washed sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases
combined dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash
column chromatography (10:9:1 hexane:ethyl acetate:triethylamine) to afford the title compound
(0.035 g, 35%) R¢= 0.70 (10:9:1 hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 2942, 1793,
1721, 1452, 1244, 749; &, (400 MHz, CDCls) 7.45-7.43 (2H, m, 2x ArCH), 7.39-7.35 (2H, m, 2x ArCH),
7.27 (1H, tt, J = 7.39 Hz, 1.30 Hz, ArCH), 7.21 (1H, td, J = 7.30 Hz, 1.80 Hz, ArCH), 7.15 (1H, td, /= 7.30
Hz, 1.80 Hz, ArCH), 7.13-7.10 (1H, m, ArCH), 7.06 (1H, dd, J = 7.39 Hz, 1.30 Hz, ArCH), 4.43-3.97 (1H,
m, CH,0), 3.62-3.38 (4H, m, 2x ArCH;N), 3.47 (4H, s, ArCHzN), 3.55-3.23 (2H, m, ArCH,CO), 2.32-2.24
(2H, m, CH;N), 1.92-1.64 (4H, m, 2 x CH,); 6. (100 MHz, CDCl3) 171.4 (CO), 138.5 (ArC), 137.5 (ArC),
134.7 (ArC), 131.4 (ArCH), 131.2 (ArCH), 129.8 (ArCH), 128.5 (ArC), 127.7 (ArCH), 127.3 (ArCH), 126.9
(ArCH), 66.5 (CH,CH,0), 60.4 (ArCH2N), 58.7 (ArCH;N), 51.3 (CH,CH:N), 40.7 (ArCH,COO), 25.3 (CH>),
23.1 (CH3); HRMS (ESI) calcd. for for C30H24NO2 310.1807. Found [MH]* 310.1809 (0.650 ppm error).
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Methyl 2-(2-((2-(2-hydroxyethyl) piperidin-1-yl) methyl) phenyl) acetate (6-112)

(Nj\/\OH

(@) OMe

To a stirring solution of potassium carbonate (0.415 g, 3.00 mmol) in acetonitrile (5 mL), 2-(piperidin-
2-yl) ethan-1-ol (6-92) (0.129 g, 1.00 mmol) was added followed by methyl 2-(2-(bromomethyl)
phenyl) acetate (6-109) (0.243 g, 1.00 mmol). The reaction mixture was heated to reflux at 90 °C for 3
hours under argon before filtering through Celite washing with dichloromethane, concentrating under
vacuum and purifying by flash column chromatography (10:9:1 hexane:ethyl acetate:triethylamine) to
afford the title compound an oil (0.151 g, 52%) R¢ = 0.46 (10:9:1 hexane:ethyl acetate:triethylamine);
Vmax/cm™? (thin film) 3396, 2933, 2252, 1734, 1425, 1157, 730; &4 (400 MHz, CDCl3) 7.30-7.27 (1H, m,
ArCH), 7.22-7.18 (3H, m, ArCH), 4.04 (1H, d, J = 13.4 Hz, ArCH.HuN), 3.82-3.59 (5H, m, ArCH,COOMe,
CH,0H, OH), 3.66 (3H, s, OCHs), 3.42 (1H, d, J = 13.4 Hz, ArCH.HuN), 2.80-2.74 (1H, m, CH,HpN), 2.65
(1H, quintet, J = 5.2 Hz, CH), 2.20-2.14 (1H, m, CH.HN), 2.00 (1H, quintet, J = 6.4 Hz, CH,H,CH,0H),
1.80-1.73 (1H, m, CH.Hy), 1.69-1.61 (1H, m, CH,H,CH,0H), 1.69-1.61 (1H, m, CH.Hy’), 1.57-1.49 (1H,
m, CH.Hy’), 1.46-1.30 (2H, m, CHy), 1.46-1.30 (1H, m, CH.Hy); 6. (100 MHz, CDCls) 172.4 (CO), 137.7
(ArC), 133.5 (ArC), 131.1 (ArCH), 130.4 (ArCH), 127.4 (ArCH), 127.3 (ArCH), 61.5 (CH,OH), 59.0 (CH),
55.8 (ArCH;N), 52.1 (OCHs), 49.1 (ArCH,COOMe), 38.4 (CH;N), 32.1 (CHCH,CH,0H), 28.1 (CH3), 23.3
(CH3), 22.2 (CH3); HRMS (ESI) calcd. for C17H26NO5 292.1913. Found [MH]*292.1910 (-1.03 ppm error).
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5,9,9a,10,11,12,13,15-Octahydro-6H,8H-benzo[g]pyrido[2,1-d] [1,5] oxazecin-4-one (6-115)

@)
@)

To a stirring solution of methyl 2-(2-((2-(2-hydroxyethyl) piperidin-1-yl) methyl) phenyl) acetate (6-
112) (0.150 g, 0.515 mmol) in tetrahydrofuran (1.34 mL), aqueous lithium hydroxide (0.5 M) (1.34 mL,
0.670 mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed under vacuum
using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium 2-(2-((2-
(2-oxidoethyl) piperidin-1-yl) methyl) phenyl) acetate was dissolved in chloroform (5.15 mL) and DIPEA
(0.123 g, 0.166 mL, 0.953 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.492 g, 0.773
mmol) and stirred at room temperature for 24 hours under argon. The reaction mixture was washed
sequentially in dichloromethane (2 x 100 mL) and brine (50 mL), and the organic phases combined
dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash column
chromatography (10:9:1 hexane:ethyl acetate:triethylamine) to afford the title compound (0.103 g,
77%) R¢= 0.63 (10:9:1 hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 2930, 2249, 1728,
1452, 1372, 1233, 1044, 1101, 1045, 728; &4 (400 MHz, CDCls) 7.25-7.18 (3H, m, 3x ArH), 7.12-7.10
(1H, m, ArH), 4.62-4.57 (1H, m, CH.H,0), 3.98 (1H, d, J = 13.7 Hz, ArCH,HpN) 3.85-3.78 (1H, m,
CH,H,0), 3.64 (1H, d, J = 13.7 Hz, ArCH.H,N), 3.63 (1H, d, J = 16.6 Hz, ArCH,H,CO), 3.52 (1H, d, J = 16.6
Hz, ArCH,H,CO), 2.89-2.82 (1H, m, CH,HpN), 2.72-2.68 (1H, m, CH), 2.38 (1H, dt, J = 13.9 Hz, 4.1Hz,
CH,HuN), 2.34-2.24 (1H, m CHCH,H,CH,0), 1.88-1.79 (1H, m CHCH,H,CH;0), 1.67-1.45 (1H, m, CHaHy),
1.67-1.45 (2H, m, CH;), 1.35-1.29 (1H, m, CHaHs), 1.27-1.20 (2H, m, CH,); 6. (100 MHz, CDCls) 170.4
(CO), 138.0 (ArC), 135.1 (ArC), 131.5 (ArCH), 130.3 (ArCH), 127.5 (ArCH), 126.9 (ArCH), 61.7 (OCH>),
57.1 (ArCH3N), 52.8 (CH), 46.0 (CH2N), 41.5 (ArCH,CO), 26.8 (CH>), 25.7 (CH,), 21.4 (CH,), 20.8 (CH2);
HRMS (ESI) calcd. for C16H,2N0O; 260.1651. Found [MH]* 260.1643 (-3.8 ppm error).
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Methyl 2-(bromomethyl) nicotinate (6-117)

Br

Benzene (13.0 mL) was degassed with argon for 20 minutes then added to a mixture of methyl 2-
methylnicotinate (6-116) (1.00 g, 6.62 mmol), N-bromosuccinimide (1.30 g, 7.26 mmol) and
azobisisobutyronitrile (0.054 g, 0.330 mmol) under argon. The reaction mixture was heated to reflux
at 85 °C for 24 hours. The reaction mixture was filtered through Celite washing with dichloromethane,
before removing the solvent under vacuum and purification via flash column chromatography (1:1
hexane:ethyl acetate) to afford the title compound as a brown solid (0.289 g, 19%), R¢ = 0.48 (1:1
hexane:ethyl acetate); 64 (400 MHz, CDCls) 8.66 (1H, dd, /= 4.8 Hz, 1.76 Hz, ArH), 8.23 (1H, dd, /=7.8
Hz, 1.8 Hz, ArH), 7.31-7.28 (1H, m, ArH), 4.99 (2H, CH3Br), 3.93 (3H, OCHs). Data were consistent with
those reported in the literature.*!
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Methyl (5)-2-((2-(hydroxymethyl) pyrrolidin-1-yl) methyl) nicotinate (6-118)

OH

/)

7 OMe
(0]

To a stirring solution of potassium carbonate (0.126 g, 0.912 mmol) in acetonitrile (6.90 mL), (S)-
pyrrolidin-2-ylmethanol (6-86) (0.0615 g, 0.608 mmol) was added followed by methyl 2-(bromo
methyl) nicotinate (6-117) (0.140 g, 0.608 mmol). The reaction mixture was heated to reflux at 90 °C
for 3 hours under argon before filtering through Celite washing with dichloromethane, concentrating
under vacuum and purifying by flash column chromatography (16:3:1 dichloromethane:ethyl
acetate:triethylamine) to afford the title compound as a dark red oil (0.128 g, 84%) R¢ = 0.39 (16:3:1
dichloromethane:ethyl acetate:triethylamine); vma/cm™ (thin film) 3378, 2952, 2872, 2809, 1722,
1574, 1431, 1279, 1083, 756; &4 (400 MHz, CDCls) 8.55-8.52 (1H, m, ArH), 7.97-7.94 (1H, m, ArH),
7.20-7.16 (1H, m, ArH), 4.39 (1H, d, /= 13.6 Hz, ArCH,H,N), 3.18 (3H, s, OCH3s), 3.79 (1H, d, J = 13.6 Hz,
ArCH,HuN), 3.53-3.48 (1H, m, CHCH.H,OH), 3.33-3.28 (1H, m, CHCH,H,OH), 2.79-2.74 (1H, m,
CH,CH,HN), 2.65-2.59 (1H, m, NCH(CH3)), 2.37-2.30 (1H, m, CH2CH.HpN), 1.82-1.72 (1H, m, CH.Hs),
1.70-1.50 (1H, m, CH,Hy) 1.70-1.50 (1H, m, CHy); 6. (100 MHz, CDCls) 167.9 (CO), 160.1 (ArC), 151.1
(ArCH), 137.9 (ArCH), 126.7 (ArC), 122.0 (ArCH), 66.1 (OCHs), 62.8 (CH,0H), 59.1 (ArCH,N) 55.3 (CH2N),
52.6 (CHN), 27.2 (CH3), 23.3 (CH,); HRMS (ESI) calcd. for C13H15N205 251.1396. Found [MH]* 251.1391
(-1.99 ppm error).
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(S)-7a,8,9,10-Tetrahydro-7H-pyrido[2,3-f] pyrrolo [2,1-c] [1,4] oxazocin-5(12H)-one (6-121)

To a stirring solution of methyl (S)-2-((2-(hydroxymethyl) pyrrolidin-1-yl) methyl) nicotinate (6-118)
(0.125 g, 0.50 mmol) in tetrahydrofuran (1.20 mL), aqueous lithium hydroxide (0.5 M) (1.20 mL, 0.60
mmol) was added and heated at 50 °C for 3 hours. The solvent was removed under vacuum using
dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium 2-((2-(2-
oxidoethyl) piperidin-1-yl) methyl) nicotinate was dissolved in chloroform (5.00 mL) and DIPEA (0.120
g, 0.162 mL, 0.925 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.477 g, 0.750 mmol)
The reaction mixture was stirred at room temperature for 2 hours under argon then washed
sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases combined
dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash column
chromatography (16:3:1 dichloromethane:ethyl acetate:triethylamine) to afford the title compound
as a white solid (0.0864 g, 79%) Ri = 0.32 (16:3:1 dichloromethane:ethyl acetate:triethylamine);
Vmax/cm™* (thin film) 3424, 2926, 1708, 1422, 1275, 1094, 738; 64 (400 MHz, CDCls) 8.52-8.50 (1H, m,
ArH), 7.65 (1H, d, J = 7.8 Hz), 7.21-7.18 (1H, m, J = 7.8 Hz, J = 4.6 Hz, ArH), 4.21 (1H, d, J = 18.1 Hz,
ArCH.HuN), 4.02 (1H, d, J = 12.1 Hz, CH,H,0), 3.96 (1H, d, J = 18.1 Hz, ArCH,H,N), 3.81-3.77 (1H, m,
CH,H,0), 3.17-3.14 (1H, m, NCH.H,CH,), 2.84-2.78 (1H, m, NCH,H,CH,), 2.84-2.78 (1H, m, NCH(CH,),)
2.07-1.96 (1H, m, CH,Hy), 1.94-1.82 (2H, m, CH;), 1.80-1.70 (1H, m, CH.Hy); 6. (100 MHz, CDCl3) 171.1
(CO), 159.3 (ArC), 150.4 (ArCH), 137.3 (ArCH), 126.6 (ArC), 122.1 (ArCH), 68.7 (OCH,), 64.3 (CH), 58.5
(ArCH2N), 55.1 (NCH,CH,), 29.8 (CH>), 23.7 (CH,); HRMS (ESI) calcd. for C12H15N20, 219.1134. Found
[MH]* 219.1132 (-0.913 ppm error); [a]p®® = 16.3 (c = 1.0, dichloromethane), recorded using a
Bellingham + Stanley RFM340-T refractometer.
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Methyl 2-((benzyl(4-hydroxybutyl) amino) methyl) nicotinate (6-119)

N
; \Q
Ho/\/\/N

To a stirring solution of potassium carbonate (0.415 g, 3.00 mmol) in acetonitrile (5.00 mL), 4-
benzylamino butan-1-ol (6-90) (0.179 g, 1.00 mmol) was added followed by methyl 2-(bromo methyl)
nicotinate (6-117) (0.230 g, 1.00 mmol). The reaction mixture was heated to reflux at 90 °C for 3 hours
under argon before filtering through Celite washing with dichloromethane, concentrating under
vacuum and purifying by flash column chromatography (15:4:1 dichloromethane:ethyl
acetate:triethylamine) to afford the title compound as a clear oil (0.153 g, 47%) Rf = 0.47 (15:4:1
dichloromethane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3357, 2948, 2864, 2238, 1726,
1575, 1431, 1136, 1086, 1057, 910, 728; 64 (400 MHz, CDCls) 8.53-8.51 (1H, m, ArH), 7.94-7.91 (1H,
m, ArH), 7.20-7.09 (6H, m, ArH), 4.06 (2H, s, ArCH,N), 3.80 (3H, s, OCHs), 3.56 (1H, bs, OH), 3.50 (2H,
s, ArCH:N), 3.42 (2H, t, J = 6.9 Hz, CH,CH,0H), 2.37 (2H, t, J = 6.1 Hz, CH,CH:N), 1.46 (2H, quintet, J =
6.9 Hz, CH,CH>CH,), 1.35 (2H, quintet, J = 6.1 Hz, CH,CH,CH,); 6. (100 MHz, CDCl3) 167.9 (CO), 159.9
(ArC), 150.6 (ArCH), 138.5 (ArC), 137.9 (ArCH), 129.3 (ArCH), 128.1 (ArC), 128.0 (ArCH), 127.0 (ArCH),
122.0 (ArCH), 62.1 (CH,OH), 59.2 (ArCH:N), 58.4 (ArCHzN), 53.4 (CH,CH;N), 52.5 (OCHs), 30.9 (CH,),
22.6 (CH3); HRMS (ESI) calcd. for C19H35N205329.1865. Found [MH]*, 329.1858 (-2.13 ppm error).
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11-Benzyl-7,8,9,10,11,12-hexahydro-5H-pyrido[4,3-c] [1,6] oxazecin-5-one (6-122)

To a stirring solution of methyl 2-((benzyl (4-hydroxy butyl) amino) methyl) nicotinate (6-119) (0.153
g, 0.465 mmol) in tetrahydrofuran (1.10 mL), aqueous lithium hydroxide (0.5 M) (1.10 mL, 0.558 mmol)
was added and heated for at 50 °C for 3 hours. The solvent was removed under vacuum using
dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium 2-((benzyl(4-
oxidobutyl) amino) methyl) nicotinate was dissolved in chloroform (4.65 mL) and DIPEA (0.117 g, 0.158
mL, 0.907 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.473 g, 0.744 mmol) and
stirred at room temperature for 2 hours under argon. The reaction mixture was washed sequentially
in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases combined dried with
sodium sulfate, filtered, concentrated under vacuum and purified via flash column chromatography
(8:2 dichloromethane:ethyl acetate) to afford the title compound (0.0926 g, 67%) Rs= 0.67 (8:2
dichloromethane:ethyl acetate); vmax/cm™ (thin film) 3065, 2955, 2802, 1720, 1588, 1453, 1434, 1295,
1201, 1133, 1092, 954, 789, 729; 64 (400 MHz, CDCls) 8.52 (1H, dd, /= 5.0 Hz, 1.7 Hz, ArCH), 7.93 (1H,
dd, J=7.7 Hz, 1.7 Hz, ArCH), 7.25-7.21 (3H, m, ArCH), 7.17-7.13 (3H, m, ArCH), 5.15-3.40 (4H, m, 2 x
CH;N), 3.40-2.98 (2H, m, CH;N), 2.33-2.22 (2H, m, CHy), 1.75-1.60 (4H, m, 2 x CH3); 6 (100 MHz,
CDCI;) 168.6 (€0), 160.9 (ArC), 150.1 (ArCH), 138.6 (ArC), 137.3 (ArCH), 129.8 (ArC), 129.5 (ArCH),
128.2 (ArCH), 127.0 (ArCH), 122.2 (ArCH), 66.2 (CHzN), 60.3 (CH,0), 59.2 (CH;N), 52.4 (CH;N), 25.4
(CH3), 23.1 (CH,); HRMS (ESI) calcd. for C18H21N20,297.1603. Found [MH]* 297.1588 (-5.05 ppm error).
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Methyl 2-((2-(2-hydroxyethyl) piperidin-1-yl) methyl) nicotinate (6-120)

To a stirring solution of potassium carbonate (0.415 g, 3.00 mmol) in acetonitrile (5.00 mL), 2-
(piperidin-2-yl) ethan-1-ol (6-92) (0.129 g, 1.00 mmol) was added followed by methyl 2-(bromo
methyl) nicotinate (6-117) (0.230 g, 1.00 mmol). The reaction mixture was heated to reflux at 90 °C
for 3 hours under argon before filtering through Celite washing with dichloromethane, concentrating
under vacuum and purifying by flash column chromatography (15:4:1 dichloromethane:ethyl
acetate:triethylamine) to afford the title compound as a dark red oil (0.153 g, 55%) R¢ = 0.47 (15:4:1
dichloromethane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3365, 2935, 2238, 1725, 15779,
1430, 1283, 1087, 728; &4 (400 MHz, CDCls) 8.50 (1H, m, ArH), 7.96 (1H, d, J = 7.8 Hz, ArH), 7.14 (1H,
m,ArH), 4.74 (1H, bs, OH), 4.23 (1H, d, J = 14.1 Hz ArCH,HN), 4.02 (1H, d, J = 14.1 Hz ArCH,HyN), 3.80
(3H, s, OCHs), 3.66-3.60 (1H, m, CH,H,OH), 3.49-3.43 (1H, m, CH,H,OH), 2.76-2.67 (1H, m, NCH(CH),),
2.76-2.67 (1H, m, NCH.Hy), 2.31-2.25 (1H, m, NCHHy), 1.97-1.88 (1H, m, CH.H,CH,OH), 1.72-1.64
(1H, m, CHaHs), 1.53-1.46 (1H, m, CH,Hy), 1.53-1.46 (1H, m, CH.H;), 1.43-1.33 (2H, m, CH,H,CH,0H),
1.43-1.33 (1H, m, CHaHy), 1.28-1.20 (1H, m, CHaHs); 6. (100 MHz, CDCl3) 167.4 (CO), 160.3 (ArC), 150.9
(ArC), 138.1 (ArCH), 127.1 (ArCH), 121.8 (ArCH), 61.5 (CH,OH), 58.0 (NCH), 57.3 (ArCHzN), 52.4 (OCHs),
48.6 (CH2N), 31.7 (CHCH,CH,), 27.1 (CH3), 22.7 (CH,), 21.2 (CH,); HRMS (ESI) calcd. for CisH23N203
279.1709. Found [MH]* 279.1708 (-0.358 ppm error).

184



William Glover-Humphreys - wgh-exp44-pg89-11

c7870wgh

7

ETL~
oL

PEL~
61"

0S8~
158~

OMe

o wn o wn o wn o w0 o wn o wn o M
2 @ o < g « @ o S - = S S 2
o o o o o o o o o o o o o 0.
L L L L L L L L L L L L L L
0Tt
wN.ﬁ/
£e'1 —_
£v'1 W — ] WS.N
Or'T ~ /f 16T
£S5 T 0T
17 — Feot
Wt 7T
88'T W — H\a
61
STT
8wz — Feso
0ee
19T~
ot — Feoz
oz’
MQ.M/
e
fre — M/
09t — —_ 101
i Fo.ﬁ
99 A6t
08'cE — 0T
oov T - Lol
voe —_ 7
ﬁN.tx\
sty
O wr—

Feot

Fseo

Foot

f1 (ppm)

© o ® N © 1 T m N o © o o N © 1;n ¥ o & -+ o = 9o
N & 4 4 & A4 & 4 =2 &4 =2 6 o 6 86 o 8 o o o o 9 %9
L L L L L L L L L L L L L L L L L L L L L L 1
e,  — ———
soze”
oLz~ I S —
1977 — ——
65'80 — _ i
€525 — _ |
LS~ e
0085~ j
0519 — T
()
18721 — -—T
20221 —
=t
a
©
[=J
o 0T8T — —
4
3
a
X
g
£
[=J
3 £6°0ST — —
@
2
[
2
=
g 62°09T —
=]
3
m 0b'L9T —
.WG
=
RS
3=
53

170 160 150 140 130 120 110

180

f1 (ppm)

185



8,8a,9,10,11,12-Hexahydro-7H-dipyrido[2,1-d:2',3'-g] [1,5] oxazonin-5 (14H)-one (6-123)

0]
O —
N/
N N

To a stirring solution of methyl 2-((2-(2-hydroxy ethyl) piperidin-1-yl) methyl) nicotinate (6-120) (0.129
g, 0.463 mmol) in tetrahydrofuran (1.40 mL), aqueous lithium hydroxide (0.5 M) (1.39 mL, 0.695 mmol)
was added and heated for at 50 °C for 3 hours. The solvent was removed under vacuum using
dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium 2-((2-(2-
oxidoethyl) piperidin-1-yl) methyl) nicotinate was dissolved in chloroform (4.60 mL) and DIPEA (0.110
g, 0.140 mL, 0.851 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.446 g, 0.700 mmol)
and stirred at room temperature for 2 hours under argon. The reaction mixture was washed
sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases combined
dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash column
chromatography (8:2 dichloromethane:ethyl acetate) to afford the title compound (0.0869 g, 76%) R¢
= 0.77 (16:3:1 dichloromethane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3431, 2930, 1727,
1429, 1282, 1122, 1087, 792, 707; &4 (400 MHz, CDCls) Rotamers observed in a 4:1 ratio 8.48-8.44
(1H, m, ArH), 7.83-7.76 (1H, m, ArH), 7.22-7.17 (1H, m, ArH), 5.27 (1H, t, J = 12.2 Hz, CHH,OH) major,
5.09 (1H, t, J=11.2 Hz, CHaH,OH) minor, 4.73-4.68 (1H, m, ArCH,HuN) major, 4.33-4.29 (1H, m, ArCH.HyN)
minor, 4.09-4.04 (1H, m, CH;H,OH) minor, 4.01-3.95 (1H, m, CHsHLOH) major, 3.71-3.57 (1H, m, ArCH.H,N
) minor, 3.08-3.03 (1H ,m, ArCH.HuN) major, 2.99-2.91 (1H, m, CH) minor, 2.67-2.61 (1H, m, CH) major,
2.67-2.61 (1H, m, CHaHb) major, 2.52-2.42 (1H, m, CHaHuN) both rotamers, 2.17-2.06 (1H, m CHaHb) minor,
2.02-1.95 (1H, m, CHaHuN) major, 1.83-1.07 (7H in total) poth rotamers,[1.82-1.79 (2H, M) minor, 1.68-1.56
(2H, M) major, 1.50-1.19 (5H, M) both rotamers, 1.15-1.07 (1H, M) minor]; 8¢ (100 MHz, CDCl3) 170.4 (CO) major,
170.1 (€CO) minor, 164.3 (ArC) major, 163.5 (ArC) minor, 149.6 (ArCH) major, 149.4 (ArCH) minor, 136.2 (ArCH)
major, 136.1 (ArCH) minor, 129.4 (ArC) major, 121.9 (ArCH) major, 121.8 (ArCH) minor, 66.2 (OCH2) minor, 63.1
(OCH3) major, 62.7 (CH) minor, 59.3 (ArCH2N) major, 58.2 (CH) major, 53.8 (NCH2CH2) major, 50.1 (ArCH2N) minor,
49.2 (NCHzCHz) minor, 31.7 (CHZ) major, 31.1 (CHZ) minor, 31.0 (CHZ) major, 28.0 (CHZ) minor 25.8 (CHZ) minor, 25.5
(CHz) major, 13.4 (CHz) major, 18.6 (CHz) minor; HRMS (ES|) calcd. for C14H19N202 247.1447. Found [l\/|H]+
247.1441 (-2.43 ppm error).
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Methyl 3-(bromomethyl)pyrazine-2-carboxylate®? (6-125)

0]
L
|

N
Br

Trifluorotoluene (19.3 mL) was degassed with argon for 20 minutes and then added to a mixture of
methyl 3-methylpyrazine-2-carboxylate (6-124) (1.00 g, 6.57 mmol), 2,5-dibromo-4,4-
dimethylcyclopentane-1,3-dione (1.03 g, 3.61) and azobisisobutyronitrile (0.110 g, 0.657 mmol) under
argon. The reaction mixture was heated to reflux at 105 °C for 24 hours. The reaction mixture was
filtered through Celite washing with dichloromethane, before removing the solvent under vacuum
and purification via flash column chromatography (6:4 hexane:ethyl acetate) to afford an impure
sample composed of the title compound and methyl 3-methylpyrazine-2-carboxylate in a 73:27 mass
ratio as a brown oil (0.636 g, 42%), R¢= 0.25 (6:4 hexane:ethyl acetate); &4 (400 MHz, CDCls) 8.51 (1H,
d, J = 2.1 Hz, ArH), 8.42 (1H, d, J = 2.1 Hz, ArH), 4.79 (2H, s, CH;Br), 3.82 (3H, s, OCHs). The NMR
spectrum shows a mixture of methyl 3-methylpyrazine-2-carboxylate and methyl 3-(bromomethyl)
pyrazine-2-carboxylate.
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Methyl (5)-3-((2-(hydroxymethyl) pyrrolidin-1-yl) methyl) pyrazine-2-carboxylate (6-126)

O\/OH
N
C
N/ OMe

0
To a stirring solution of potassium carbonate (0.207 g, 1.50 mmol) in acetonitrile (5.00 mL), (S)-
pyrrolidin-2-yl methanol (6-86) (0.101 g, 1.00 mmol) was added followed by 3-(bromo methyl)
pyrazine-2-carboxylate (6-125) (0.231 g, 1.00 mmol). The reaction mixture was heated to reflux at 90
°C for 3 hours under argon before filtering through Celite washing with dichloromethane,
concentrating under vacuum and purifying by flash column chromatography (10:9:1 hexane:ethyl
acetate:triethylamine) to afford the title compound an 0il (0.198 g, 79%) R¢=0.16 (10:9:1 hexane:ethyl
acetate:triethylamine); vmax/cm™ (thin film) 3421, 2952, 1728, 1400, 1104, 733; &4 (400 MHz, CDCls)
8.44 (1H, d, J=2.6 Hz, ArH), 8.35 (1H, d, J = 2.6 Hz, ArH), 4.33 (1H, d, / = 14.0 Hz, ArCH.HuN), 3.80 (3H,
s, OCHs), 3.60 (1H, d, J = 14.0 Hz, ArCH.H,N), 3.43 (1H, dd, J = 11.6 Hz, 3.6 Hz, CHCH.,H,OH), 3.23 (1H,
dd, J =11.6 Hz, 3.6 Hz, CHCH,H,OH), 3.08 (1H, bs, OH), 2.64-2.60 (1H, m, CH,CH,H,N), 2.56-2.50 (1H,
m, NCH(CH,),), 2.18-2.11 (1H, m, CH,CH.H,N), 1. 73-1.63 (1H, m, CH.Hy), 1.60-1.39 (1H, m, CH,Hy)
1.60-1.39 (1H, m, CHy); 6. (100 MHz, CDCls) 165.7 (CO), 154.4 (ArC), 144.4 (ArCH), 143.9 (ArC), 141.4

(ArCH), 64.9 (OCH3), 61.8 (CH,0H), 57.1 (ArCH,N) 54.2 (CH;N), 52.3 (CHN), 26.1 (CH>), 22.4 (CH>); HRMS
(ESI) calcd. for C12H13N303 252.1348. Found [MH]* 252.1348 (0.00 ppm error).
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(5)-7a,8,9,10-Tetrahydro-7H-pyrazino[2,3-f] pyrrole [2,1-c] [1,4] oxazocin-5 (12H)-one (6-129)

»

To a stirring solution of methyl (S)-3-((2-(hydroxy methyl) pyrrolidin-1-yl) methyl) pyrazine-2-
carboxylate (6-126) (0.153 g, 0.607 mmol) in tetrahydrofuran (2.00 mL), aqueous lithium hydroxide
(0.5 M) (2.00 mL, 1.02 mmol) was added and heated at 50 °C for 3 hours. The solvent was removed
under vacuum using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate
lithium (S)-3-((2-(oxidomethyl) pyrrolidin-1-yl) methyl) pyrazine-2-carboxylate was dissolved in
chloroform (7.9 mL) and DIPEA (0.188 g, 0.250 mL, 1.45 mmol) was added followed by T3P 50% w/v
in ethyl acetate (0.750 g, 1.18 mmol) and stirred at room temperature for 24 hours under argon. The
reaction mixture was washed sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the
organic phases combined dried with sodium sulfate, filtered, concentrated under vacuum and purified
via flash column chromatography (10:9:1 hexane:ethyl acetate:triethylamine) to afford the title
compound (0.0892 g, 67%) R¢ = 0.21 (10:9:1 hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film)
3386.7,2951.7, 1701.5, 1397.4, 1343.5, 1276.7, 1153.4, 858.4, 733.7; 64 (400 MHz, CDCls) 8.48-8.47
(2H, m, 2 x ArCH), 4.24 (1H, dd , J = 18.4 Hz, J = 2.1 Hz, ArCH,H,N), 4.10-4.05 (1H, m, CH,H,0), 3.98
(1H, dd, J=18.4 Hz, J = 2.1 Hz, ArCH.H,N), 3.79-3.74 (1H, m, CH,H,0), 3.17-3.11 (1H, m, NCH.H,CH,),
2.91-2.85 (1H, m, NCH(CH>).), 2.84-2.78 (1H, m, NCH,H,CH,), 2.08-1.97 (1H, m, CH.H;), 1.92 -1.81
(1H, m, CHzHs), 1.92 -1.81 (1H, m, CH.Hy), 1.78-1.69 (1H, m, CH.Hs); 6. (100 MHz, CDCls) 168.3 (CO),
155.0 (ArC), 144.8 (ArC), 144.7 (ArCH), 143.4 (ArCH), 69.3 (OCH;), 64.3 (CH), 57.0 (ArCH,N), 55.3
(NCH2CH,), 30.0 (CH3), 22.9 (CH3); HRMS (ESI) calcd. for C11H1aN30, 220.1086. Found [MH]* 220.1087
(0.454 ppm error); [a]p*® = -22.0 (c = 1.0, dichloromethane), recorded using a Bellingham + Stanley
RFM340-T refractometer.
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Methyl 3-((benzyl(4-hydroxybutyl) amino) methyl) pyrazine-2-carboxylate (6-127)
0

/N -
C]
N

0]
Ho/\/\/N\/ :

To a stirring solution of potassium carbonate (0.228 g, 1.65 mmol) in acetonitrile (5.50 mL), 4-
benzylamino butan-1-ol (6-90) (0.197 g, 1.10 mmol) was added followed methyl 3-(bromo methyl)
pyrazine-2-carboxylate (6-125) (0.255 g, 1.10 mmol). The reaction mixture was heated to reflux at 90
°C for 3 hours under argon before filtering through Celite washing with dichloromethane,
concentrating under vacuum and purifying by flash column chromatography (10:9:1 hexane:ethyl
acetate:triethylamine) to afford the title compound as a clear oil (0.256 g, 71%) Rf = 0.40 (10:9:1
hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3406, 2949, 2243, 1733, 1301, 1106, 908,
726; 64 (400 MHz, CDCls) 8.55-8.54 (1H, m, ArCH), 8.45-8.44 (1H, m, ArCH), 7.22-7.14 (5H, m, 5 x
ArCH), 4.09 (2H, s, NCH>Ar), 3.94 (s, 3H, OCHs), 3.57 (2H, s, NCH,Ar), 3.50 (2H, t, / = 6.5 Hz, CH,CH,0H),
2.83 (1H, bs, OH), 2.48 (2H, t, / = 6.5 Hz, CH,CH:N), 1.53 (2H, quintet, J = 6.5 Hz CH,CH,CH,), 1.43 (2H,
quintet, J = 6.5 Hz CH,CH,CH); 6. (100 MHz, CDCls) 166.1 (€CO), 155.8 (ArC), 145.6 (ArC), 144.8 (ArCH),
142.0 (ArCH), 138.0 (ArC), 129.2 (ArCH), 128.1 (ArCH), 127.1 (ArCH), 62.1 (CH,CH,OH) 58.5 (NCH>Ar),
58.1 (NCHAr), 54.0 (CH2CH:N), 52.9 (OCHs), 30.7 (CH,CH,CH,), 22.7 (CH,CH,CH,); HRMS (ESI) calcd.
for C1gH24N303 330.1818. Found [MH]* 330.1814 (-1.21 ppm error).
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11-Benzyl-7,8,9,10,11,12-hexahydro-5H-pyrazino[2,3-c] [1,6] oxazecin-5-one (6-130)
O
0
N N/

To a stirring solution of methyl 3-((benzyl (4-hydroxy butyl) amino) methyl) pyrazine-2-carboxylate (6-
127) (0.256 g, 0.776 mmol) in tetrahydrofuran (2.20 mL), aqueous lithium hydroxide (0.5 M) (2.20 mL,
1.01 mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed under vacuum
using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate | lithium 3-
((benzyl(4-oxidobutyl) amino) methyl) pyrazine-2-carboxylate was dissolved in chloroform (7.76 mL)
and DIPEA (0.186 g, 0.250 mL, 1.44 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.741
g, 1.16 mmol) and stirred at room temperature for 24 hours under argon. The reaction mixture was
washed sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases
combined dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash
column chromatography (10:9:1 hexane:ethyl acetate:triethylamine) to afford the title compound
(0.109 g, 47%) R¢= 0.51 (10:9:1 hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 2924, 2244,
1737, 1452, 1300, 1110, 724, 699; &4 (400 MHz, CDCl;) 8.51-8.50 (1H, m, ArCH), 8.49-8.47 (1H, m,
ArCH), 7.23-7.20 (2H, m, 2x ArCH), 7.16-7.12 (3H, m, 3 x ArCH), 5.17-3.40 (4H, m, 2 x CH;N),
3.35-3.20(2H, m, CH:N), 2.33-2.22 (2H, m, CH;), 1.75-1.60 (4H, m, 2 x CH,); 6. (100 MHz, CDCl;) 168.8
(CO), 156.7 (ArC), 147.7 (ArCH), 144.3 (ArCH), 142.7 (ArCH), 137.8 (ArC), 129.6 (ArCH), 128.3 (ArCH),
127.2 (ArCH), 66.6 (CH;N), 60.7 (CH,0), 57.8 (CH;N), 53.5 (CH2N), 25.3 (CH>), 23.0 (CH,); HRMS (ESI)
calcd. for C17H20N30, 298.1556. Found [MH]* 298.1551 (-1.68 ppm error).
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Methyl 3-((2-(2-hydroxyethyl) piperidin-1-yl) methyl) pyrazine-2-carboxylate (6-128)

(Nj\AOH
N
[\

A _om

o)

To a stirring solution of potassium carbonate (0.138 g, 1.00 mmol) in acetonitrile (5.00 mL), 2-
(piperidin-2-yl) ethan-1-ol (6-92) (0.089 g, 0.690 mmol) was added followed by 3-(bromo methyl)
pyrazine-2-carboxylate (6-125) (0.160 g, 0.690 mmol). The reaction mixture was heated to reflux at 90
°C for 3 hours under argon before filtering through Celite washing with dichloromethane,
concentrating under vacuum and purifying by flash column chromatography (10:9:1 hexane:ethyl
acetate:triethylamine) to afford the title compound an 0il (0.112 g, 58%) Rf=0.17 (10:9:1 hexane:ethyl
acetate:triethylamine); vmax/cm™ (thin film) 3394, 2936, 2241, 1732, 1301, 1105, 729; 64 (400 MHz,
CDCls) 8.53-8.52 (1H, m, ArH), 8.43-8.42 (1H, m, ArH), 4.21 (1H, d, J = 14.7 Hz, ArCH.H,N), 3.99 (1H,
d, J=14.7 Hz, ArCH,HN), 3.90 (3H, s, OCH3s), 3.67-3.61 (1H, m, CH,H,OH), 3.53-3.47 (1H, m, CH,H,OH),
2.71-2.67 (1H, m NCH(CH.),), 2.71-2.67 (1H, m, NCH.Hs), 2.25-2.19 (1H, m, NCH,H,), 1.93-1.88 (1H,
m, CH,H,CH,0H), 1.68-1.62 (1H, m, CH.Hy), 1.68-1.62 (1H, m, CH,H), 1.54-1.42 (2H, m, CH,H,CH,0OH),
1.54-1.42 (1H, m, CH.Hy), 1.54-1.42 (1H, m, CH.Hy), 1.37-1.28 (1H, m, CH.Hy), 1.37-1.28 (1H, m,
CH.Hy), 1.37-1.28 (1H, m, CH.Hy); 6. (100 MHz, CDCl3) 166.0 (CO), 155.9 (ArC), 150.9 (ArC), 145.3
(ArCH), 144.9 (ArC), 142.0 (ArCH), 61.2 (CH,0H), 58.6 (NCH), 56.6 (ArCH;N), 53.0 (OCH3), 49.2 (CHzN),
31.6 (CHCH,CH>), 27.7 (CH,), 23.1 (CH2), 21.3 (CH>); HRMS (ESI) calcd. for C14H22N303 280.1661. Found
[MH]* 280.1652 (-3.21ppm error).
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8,83,9,10,11,12-Hexahydro-7H-pyrazino[2,3-g] pyrido[2,1-d] [1,5] oxazonin-5(14H)-one (6-131)
0]
o” =N
)
N N

To a stirring solution of methyl 3-((2-(2-hydroxyethyl) piperidin-1-yl) methyl) pyrazine-2-carboxylate
(6-128) (0.112 g, 0.400 mmol) in tetrahydrofuran (1.84 mL), aqueous lithium hydroxide (0.5 M) (1.84
mL, 0.920 mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed under
vacuum using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium
3-((2-(2-oxidoethyl) piperidin-1-yl) methyl) pyrazine-2-carboxylate was dissolved in chloroform (4.0
mL) and DIPEA (0.095 g, 0.130 mL, 0.600 mmol) was added followed by T3P 50% w/v in ethyl acetate
(0.382 g, 0.600 mmol) and stirred at room temperature for 2 hours under argon. The reaction mixture
was washed sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases
combined dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash
column chromatography (10:9:1 hexane:ethyl acetate:triethylamine) to afford the title compound
(0.0846 g, 86%) R¢= 0.40 (10:9:1 hexane:ethyl acetate:triethylamine); Vmax/cm™ (thin film) 2931, 1744,
1454, 1291, 1104, 708; &4 (400 MHz, CDCls) Rotamers observed in a 4:1 ratio 8.45-8.43 (1H, m, ArH)
both rotamers, 8.41-8.39 (1H, m, ArH) voth rotamers, 5.34 (1H, t, J = 11.8 Hz, OCH,H,CH3) major, 5.15 (1H, t, J =
11.8 Hz, OCH,HuCH2)minor, 4.68 (1H, d, J = 15.0 Hz, ArCHa.HuN)major, 4.31 (1H, d, J = 15.0 Hz,
ArCHaHbN)minor, 4.09 (1H, d, J = 11.8 Hz, OCHaHbCH2)minor, 4.05-3.99 (1H, m, OCHaHbCH2) major, 3.65 (1H,
d, J = 15.0 Hz, ArCHaHuN)minor, 3.06 (1H, d, J = 14.7 Hz, ArCHsHuN)major, 2.99-2.91 (1H, m, CH)minor
2.69-2.58 (1H, m, CH)major, 2.69-2.58 (1H, m, CHaHp)major, 2.56-2.49 (1H, m, CH HuN)minor, 2.42-2.34
(1H, m, CHaHoN)both rotamers, 2.13-2.06 (1H, m, CHaHp)minor, 1.99 (1H, t, J = 10.5 Hz, CHiHuN)major,
1.80-1.09 (7H in total)soth rotamers [1.80-1.72 (1H, mM)minor, 1.69-1.58 (2H, M)major, 1.52-1.48 (1H, M)minor,
1.44-1.09 (5H, M)both rotamersl; 6c (100 MHz, CDCls3) 167.4 (€CO)major, 167.0 (CO)minor, 160.0 (ArC)minor,
159.2(ArC)major, 147.8 (ArC)minor, 147.4 (ArC)major, 143.7 (ArCH)major, 143.5 (ArCH)minor, 142.4 (ArCH)major,
142.3 (ArCH)minor, 66.4 (OCH2)minor, 63.3 (OCH2)major, 62.6 (NCH)minor, 58.3 (NCH)major, 58.1 (ArCH2N)major,
54.05 (NCH2CH32)major, 50.3 (ArCH2N)minor, 48.2 (NCH2CH2)minor, 31.5 (CH2)major, 31.0 (CH2)minor, 30.8
(CHz)major, 28.0 (CHz)minor, 25.6 (CHz)minor, 25.4 (CHz)major, 24.2 (CHz)major, 18.4 (CHz)minor; HRMS (ES|) calcd.
for C13H13N30; 248.1399. Found [MH]* 248.1395 (-1.61 ppm error).
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Methyl 2-methylquinoline-3-carboxylate*® (6-135)

(2-aminophenyl) methanol (6-132) (2.00 g, 16.2 mmol), methyl 3-oxobutanoate (6-134) (1.88 g, 16.2
mmol) and activated magnesium (IV) oxide (4.24 g, 48.2 mmol) were refluxed in ethanol (10 mL) for 4
hours at 80 °C. Before filtering the reaction mixture through Celite washing with ethanol,
concentrating under vacuum and purifying by flash column chromatography (1:1
dichloromethane:hexane) to afford the title compound as a yellow solid (1.13 g, 35%) Rf = 0.09 (1:1
dichloromethane:hexane); 64 (400 MHz, CDCl3) 8.74 (1H, s, ArH), 8.03 (1H, d, /= 8.3 Hz, ArH), 7.85 (1H,
d, J=8.3Hz ArH), 7.77 (1H, t, J = 8.5 Hz, J = 8.3 Hz, ArH), 7.53 (1H, t, J = 8.3 Hz, ArH), 3.97 (3H, s,
OCHs), 2.98 (3H, s, ArCHs). Data were consistent with those reported in the literature.®
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Methyl 2-(bromomethyl) quinoline-3-carboxylate (6-136)

Br

Benzene was degassed for 20 minutes using argon before adding it to a mixture of methyl 2-
methylquinoline-3-carboxylate (6-135) (0.614 g, 3.05 mmol), azobisisobutyronitrile (0.025 g, 0.153
mmol) and N-bromosuccinimide (0.710 g, 3.97 mmol) and refluxed at 85 °C for 24 hours. The
reaction mixture was filtered through Celite and washed with dichloromethane, concentrated under
vacuum and purified by flash column chromatography (98:2 toluene:ethyl acetate) to afford the title
compounds (0.335 g, 39%) R¢ = 0.45 (98:2 toluene:ethyl acetate); vmax/cm™ (thin film) 2950, 1719,
1437, 1252, 1204, 1062, 802, 756, 594; 64 (400 MHz, CDCls) 8.68 (1H, s, ArH), 7.97 (1H, d, J = 8.5 Hz,
ArH), 7.74 (1H, d, /= 8.5 Hz, ArH), 7.70 (1H, t, J = 8.5 Hz, ArH), 7.48 (1H, t, / = 8.5 Hz, ArH), 5.12 (2H, s,
ArCH,Br), 3.93 (3H, s, OCHs); 6. (100 MHz, CDCls) 165.9 (€O), 156.1 (ArC), 148.4 (ArC), 141.1 (ArCH),
132.2 (ArCH), 129.2 (ArCH), 128.6 (ArCH), 128.0 (ArCH), 126.6 (ArC), 122.5 (ArC), 52.8 (OCHs), 33.8
(ArCH,Br), HRMS (ESI) calcd. for C12H11BrNO; 279.9973. Found [MH]* 279.9964 (-3.22 ppm error);

202



j6534wgh
William Glover-Humphreys - wgh-exp66-D

= O/ Bmenhmomo e o by
BRRURNREIRE B 3
BRNNRNRRNR NN & -
| | =~
N
Br
’ L “ L
|
B ELE g g
] 3333 N -
T T T T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2
f1 (ppm)
j6534wgh
William Glover-Humphreys - wgh-exp66-D
= | O/
NS o o N ¥ Tanweown
o S ®m & S-mabhy 2 3
N & & ¥ F BRRRER 5 E
I Lol SN
Br
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
220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)

20

19

18

F17

16

15

14

13

-12

r11

10

3.0

2.5

2.0

r15

1.0

0.5

0.0

203



Methyl 2-(dibromomethyl) quinoline-3-carboxylate (6-137)

Br

The same procedure that synthesised the mono brominated product (6-136) also formed the
dibrominated product (6-137) (0.407 g, 37%) R¢ = 0.63 (98:2 toluene:ethyl acetate); &4 (400 MHz,
CDCls) 8.08 (1H, s, ArH), 8.21 (1H, d, J = 8.5 Hz, ArH), 8.14 (1H, s, CH(Br).), 7.89 (1H, d, J = 8.5 Hz, ArH),
7.87-7.82 (1H, m, ArH), 4.01 (3H, s, COOCHs); 6. (100 MHz, CDCl;) 156.7 (CO), 155.6 (ArC), 148.9 (ArC),
141.2 (ArCH), 132.8 (ArCH), 129.7 (ArCH), 128.7 (ArCH), 128.6 (ArCH), 127.0 (ArC), 118.9 (ArC), 53.1
(COOCH3), 41.1 (CH(Br),); HRMS (ESI) caled. for C1,H10BroNO, 357.9078. Found [MH]* 357.9073 (-1.40
ppm error).
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Methyl (5)-2-((2-(hydroxymethyl) pyrrolidin-1-yl) methyl) quinoline-3-carboxylate (6-138)

[ don

N

/

= OMe
(0]

To a stirring solution of potassium carbonate (0.123 g, 0.891 mmol) in acetonitrile (2.98 mL), (S)-
pyrrolidin-2-ylImethanol (6-86) (0.060 g, 0.594 mmol) was added followed by methyl 2-(bromomethyl)
quinoline-3-carboxylate (6-136) (0.166 g, 0.594 mmol). The reaction mixture was heated to reflux at
90 °C for 3 hours under argon before filtering through Celite washing with dichloromethane,
concentrating under vacuum and purifying by flash column chromatography (10:9:1 hexane:ethyl
acetate:triethylamine) to afford the title compound an oil (0.112 g, 63%) R¢= 0.3 (10:9:1 hexane:ethyl
acetate:triethylamine); vmax/cm™ (thin film) 3455, 2959, 1722, 1439, 1248, 1064, 757, 757; &4 (400
MHz, CDCls) 8.53 (1H, s, ArH), 8.07 (1H, d, J = 8.5 Hz, ArH), 7.83 (1H, d, J = 8.1 Hz, ArH), 7.76 (1H, m,
ArH), 7.57-7.53 (1H, m, ArH), 4.62 (1H, d, J = 13.9 Hz, ArCH.H,N), 4.03 (1H, d, J = 13.9 Hz, ArCH.HuN),
3.95(3H, s, OCHs), 3.57 (1H, dd, J = 11.6 Hz, J = 3.2 Hz, CH,H,OH), 3.37 (1H, dd, J = 11.6 Hz, J = 3.2 Hz,
CH.H,OH), 2.86-2.81 (1H, m, CH.H,N), 2.76-2.71 (1H, m, CH;HuN), 2.51-2.44 (1H, m, NCH), 1.19-1.82
(1H, m, CH.Hp), 1.79-1.59 (1H, m, CH.Hy), 1.79-1.59 (2H, m, CH,); 6. (100 MHz, CDCls) 168.3 (CO),
159.0 (ArC), 147.8 (ArC), 138.9 (ArCH), 131.7 (ArCH), 129.1 (ArCH), 128.7 (ArCH), 127.2 (ArCH), 126.2
(ArC), 124.6 (ArC), 66.3 (OCHs), 62.8 (ArCHzN), 60.2 (NCH;), 52.7 (CH), 27.2 (CH,), 23.4 (CH,); HRMS
(ESI) calcd. for C17H2:N,03 301.1552. Found [MH]* 301.1548 (-1.33 ppm error).
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(S)-2,3,3a,4-Tetrahydro-1H-pyrrolo [2',1':3,4] [1,4] oxazocino [6,7-b] quinolin-6(13H)-one (6-141)

O

To a stirring solution of methyl (S)-2-((2-(hydroxy methyl) pyrrolidin-1-yl) methyl) quinoline-3-
carboxylate (6-138) (0.133 g, 0.444 mmol) in tetrahydrofuran (1.15 mL), aqueous lithium hydroxide
(0.5M) (1.15mL, 0.577 mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed
under vacuum using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate
lithium (S)-2-((2-(oxidomethyl) pyrrolidin-1-yl) methyl) quinoline-3-carboxylate was dissolved in
chloroform (2.22 mL) and DIPEA (0.106 g, 0.143 mL, 0.822 mmol) was added followed by T3P 50% w/v
in ethyl acetate (0.424 g, 0.666 mmol) and stirred at room temperature for 24 hours under argon. The
reaction mixture was washed sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the
organic phases combined dried with sodium sulfate, filtered, concentrated under vacuum and purified
via flash column chromatography (10:9:1 hexane:ethyl acetate:triethylamine) to afford the title
compound (0.107 g, 90%) R¢ = 0.35 (10:9:1 hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film)
2960, 2247, 1708, 1491. 1178, 915, 728; 64 (400 MHz, CDCls) 8.15-8.13 (1H, m, ArH), 7.92-7.89 (1H,
m, ArH), 7.74-7.71 (1H, m, ArH), 7.67-7.61 (1H, m, ArH), 7.46-7.40 (1H, m, ArH), 4.31 (1H, d, J = 18.2
Hz, ArCH,HuN), 4.13 (1H, d, J = 18.2 Hz, ArCH,H,N), 4.04-3.98 (1H, m, OCH.H,CH), 3.79-3.73 (1H, m,
OCH.H,CH), 3.16-3.10 (1H, m, CH.CH,H,N), 2.90-2.84 (1H, m, NCH), 2.82-2.75 (1H, m, CH,CH.H,N),
2.03-1.92 (1H, m, CH.Hy), 1.87-1.78 (1H, m, CH:Hy), 1.87-1.78 (1H, m, CH.Hy), 1.76-1.68 (1H, m,
CH,Hy); 6. (100 MHz, CDCls) 170.9 (€CO), 159.9 (ArC), 147.8 (ArC), 137.6 (ArCH), 131.1 (ArCH), 128.4
(ArCH), 128.2 (ArCH), 126.9 (ArCH), 126.6 (ArC), 125.7 (ArC), 69.6 (OCHz), 64.3 (CH), 59.1 (ArCH;N),
55.1 (CH,CH:N), 29.9 (CHy), 24.0 (CH); HRMS (ESI) calcd. for Ci6H17N,0, 269.1290. Found [MH]*
269.1286 (-1.49 ppm error); [a]p®® = 33.62 (c = 1.0, dichloromethane), recorded using a Bellingham +
Stanley RFM340-T refractometer.
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Methyl 3-((benzyl(4-hydroxybutyl) amino) methyl) isoquinoline-4-carboxylate (6-139)

N
i \/@
Ho/\/\/N

To a stirring solution of potassium carbonate (0.160 g, 1.16 mmol) in acetonitrile (3.90 mL), (4-
(benzylamino) butan-1-ol (6-90) (0.139 g, 0.773 mmol) was added followed by methyl 2-
(bromomethyl) quinoline-3-carboxylate (6-136) (0.216 g, 0.773 mmol). The reaction mixture was
heated to reflux at 90 °C for 3 hours under argon before filtering through Celite washing with
dichloromethane, concentrating under vacuum and purifying by flash column chromatography (10:9:1
hexane:ethyl acetate:triethylamine) to afford the title compound as oil (0.271 g, 93%) R¢ = 0.4 (10:9:1
hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3383, 2944, 1727, 1439, 1247, 1067, 757; x4
(400 MHz, CDCl3) 8.43-8.40 (1H, m, ArH), 8.08-8.04 (1H, m, ArH), 7.77-7.64 (2H, m, 2x ArH), 7.49-7.42
(1H, m, ArH), 7.20-7.15 (4H, m, ArH), 7.15-7.10 (1H, m, ArH), 4.25 (2H, s, ArCH;N), 3.89 (3H, s, OCHs),
3.72 (1H, bs, OH), 3.56 (2H, s, ArCH;N), 3.45 (2H, t, / = 6.4 Hz, CH,CH,0H), 2.45-2.40 (2H, m, CH,CH;N),
1.53-1.46 (2H, m, CH,CH,CH>), 1.41-1.33 (2H, m, CH,CH,CH,); 6. (100 MHz, CDCls) 168.1 (€CO), 159.2
(ArC), 147.6 (ArC), 138.8 (ArC), 138.5 (ArCH), 131.4 (ArCH), 129.3 (ArCH), 128.9 (ArCH), 128.3 (ArCH),
120.1 (ArCH), 127.2 (ArCH), 126.9 (ArCH), 126.2 (ArC), 125.9 (ArC), 62.1 (CH,OH), 60.3 (ArCH,N), 58.1
(ArCH;N), 53.2 (CH,CH;N), 52.6 (OCHs), 30.8 (CH,), 22.3 (CH2); HRMS (ESI) calcd. for Cy3H,7N,03
379.2022. Found [MH]* 379.2010 (-3.16 ppm error).

210



-0.34

r0.32

~0.30
r0.28
r0.26
0.24
£0.22
r0.20
r0.18
r0.16
r0.14
r0.12
r0.10
r0.08
r0.06
r0.04
r0.02
r0.00
r-0.02

William Glover-Humphreys - wgh-exp76-pg158-11

c8285wgh

PET /

WI~C
8v'T -7
bS'T \

AN
oz

St'e
8¥'E V

68°€ \“
16°€
9aTY 7

I

O/H/H

L

1.5

r1.4

f1 (ppm)

William Glover-Humphreys - wgh-exp76-pg158-II

c8285wgh

877t —

8L°0€ —

15TS~
81'€s
S0'85 ~
9709 —
or'z9 "

€6'seT
v2'9TT
26'921
e
60821
oe'get
bE2T
62621
octer
TS8ET N
SL8ET

€9°LPT —

PT'65T —

£0°89T —

F1.3

F1.2

F11

F1.0

0.9

Fo.8

Fo.7

o6

Lo.s

Fo.4

Fo.3

0.2

Fo.1

Fo.0
211

-20

-10

20 10

30

110 100 90 8 70 60 50 40
f1 (ppm)

120

210 200 190 180 170 160 150 140 130

220




7-Benzyl-3,4,5,6,7,6-hexahydro-1H- [1,6] oxazecino [4,3-b] quinolin-1-one (6-142)

To a stirring solution of methyl 3-((benzyl (4-hydroxy butyl) amino) methyl) isoquinoline-4-carboxylate
(6-139) (0.271 g, 0.715 mmol) in tetrahydrofuran (1.90 mL), aqueous lithium hydroxide (0.5 M) (1.90
mL, 0.930 mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed under
vacuum using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium
3-((benzyl(4-oxidobutyl) amino) methyl) isoquinoline-4-carboxylate was dissolved in chloroform (7.32
mL) and DIPEA (0.171 g, 0.231 mL, 1.32 mmol) was added followed by T3P 50% w/v in ethyl acetate
(0.683 g, 1.07 mmol) and stirred at room temperature for 24 hours under argon. The reaction mixture
was washed sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases
combined dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash
column chromatography (10:9:1 hexane:ethyl acetate:triethylamine) to afford the title compound
(0.158 g, 64%) R¢= 0.61 (10:9:1 hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 2954, 2251,
1719, 1236, 1212, 1058, 729, 699; &4 (400 MHz, CDCls) 8.45 (1H, s, ArH), 8.07 (1H, d, J = 8.1 Hz, ArH),
7.82(1H,d,J=8.1Hz ArH), 7.72 (1H, t, /= 8.1 Hz, ArH), 7.51 (1H, t, J = 8.1 Hz, ArH), 7.24-7.17 (4H, m,
4 x ArH), 7.13 (1H, tt, /= 6.7 Hz, 1.6 Hz, ArH), 5.31-4.47 (2H, m, CH;0), 3.91-2.94 (4H, m, 2 x ArCH;N),
2.40-2.25(2H, m, CH;N), 1.93-1.60 (4H, m, 2 x CH); 6. (100 MHz, CDCl3) 168.5 (CO), 160.1 (ArC), 127.7
(ArC), 138.6 (ArC), 138.2 (ArCH), 131.0 (ArCH), 129.5 (ArCH), 128.9 (ArCH), 128.4 (ArCH), 128.2 (ArCH),
127.6 (ArC), 127.1 (ArCH), 127.0 (ArCH), 126.7 (ArC), 66.5 (OCH,), 60.3 (ArCH>N), 59.6 (ArCH;N), 53.4
(CH2N), 25.5 (CH,), 23.2 (CH;); HRMS (ESI) calcd. for Cy;H23N,0, 347.1760. Found [MH]* 347.1756
(-1.15 ppm error).
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Methyl 2-((2-(2-hydroxyethyl) piperidin-1-yl) methyl) quinoline-3-carboxylate (6-140)

To a stirring solution of potassium carbonate (0.131 g, 0.945 mmol) in acetonitrile (3.15 mL), 2-
(piperidin-2-yl) ethan-1-ol (6-92) (0.082 g, 0.630 mmol) was added followed by methyl 2-
(bromomethyl) quinoline-3-carboxylate (6-136) (0.177 g, 0.630 mmol). The reaction mixture was
heated to reflux at 90 °C for 3 hours under argon before filtering through Celite washing with
dichloromethane, concentrating under vacuum and purifying by flash column chromatography (10:9:1
hexane:ethyl acetate:triethylamine) to afford the title compound an oil (0.186 g, 90%) R¢=0.22 (10:9:1
hexane:ethyl acetate:triethylamine); vmax/cm™ (thin film) 3375, 2936, 1726, 1445, 1247, 1065, 763; &4
(400 MHz, CDCls) 8.46 (1H, s, ArH), 8.02 (1H, d, J = 8.5 Hz, ArH), 7.72 (1H, d, J = 8.1 Hz, ArH), 7.68-7.63
(1H, m, ArH), 7.46-7.40 (1H, m, ArH), 4.58 (1H, s, OH), 4.26 (1H, d, J = 14.2 Hz, ArCH,HN), 4.21 (1H, d,
J=14.2 Hz, ArCH;HuN), 3.97 (3H, s, OCHs), 3.70-3.63 (1H, m, CH,H,OH), 3.54-3.48 (1H, m, CH,H,OH),
2.81-2.72 (1H, m, CH), 2.81-2.72 (1H, m, CH2CH.HuN), 2.37-2.33 (1H, m, CH>CH,HyN), 2.07-1.98 (1H,
m, CH,H,CH,0H), 1.77-1.69 (1H, m, CH.Hy), 1.55-1.48 (1H, m, CH,Hs), 1.55-1.48 (1H, m, CH.Hy),
1.45-1.37 (1H, m, CH,H,CH,0H), 1.45-1.37 (1H, m, CHaHy), 1.30-1.23 (1H, m, CH,Hs), 1.30-1.23 (1H,
m, CH.Hs); 6. (100 MHz, CDCl3) 167.6 (CO), 159.3 (ArC), 147.8 (ArC), 139.2 (ArCH), 131.4 (ArCH), 128.9
(ArCH), 128.3 (ArCH), 127.1 (ArCH), 126.1 (ArC), 124.9 (ArC), 61.7 (OCH,), 58.7 (ArCH:N), 57.3 (NCH ),
52.5 (OCHs), 48.1 (CH,CH;N), 31.1 (CH;), 27.1 (CH,), 22.9 (CH,), 20.7 (CH;); HRMS (ESI) calcd. for
Ci9H25N205 329.1865. Found [MH]* 329.1863 (-0.608 ppm error).
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2,3,4,4a,5,4-Hexahydro-1H-pyrido [2',1":4,5] [1,5] oxazonino [7,6-b] quinolin-8 (15H)-one (6-143)

0]
(@) —
N )
N N

To a stirring solution of methyl 2-((2-(2-hydroxyethyl) piperidin-1-yl) methyl) quinoline-3-carboxylate
(6-140) (0.186 g, 0.565 mmol) in tetrahydrofuran (1.47 mL), aqueous lithium hydroxide (0.5 M) (1.47
mL, 0.735 mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed under
vacuum using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium
2-((2-(2-oxidoethyl) piperidin-1-yl) methyl) quinoline-3-carboxylate was dissolved in chloroform (2.83
mL) and DIPEA (0.135 g, 0.182 mL, 1.05 mmol) was added followed by T3P 50% w/v in ethyl acetate
(0.539 g, 0.848 mmol) and stirred at room temperature for 24 hours under argon. The reaction mixture
was washed sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases
combined dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash
column chromatography (10:9:1 hexane:ethyl acetate:triethylamine) to afford the title compound
(0.1414 g, 85%) R¢= 0.64 (10:9:1 hexane:ethyl acetate:triethylamine); Vmax/cm™ (thin film) 2933, 2252,
1725, 1204, 1059, 909, 727; Rotameric observed in a 1:4 ratio, 61 (400 MHz, CDCls) 8.21 (1H, d, /= 3.8
Hz, ArH) major, 9.20 (1H, d, J = 3.4 Hz, ArH) minor, 7.95 (1H, dd, J = 8.6 Hz, J = 3.4 Hz, ArH) poth rotamers, 7.73-
7.70 (1H, m, ArH) both rotamers, 7.65=7.60 (1H, m, ArH) both rotamers, 7.44=7.39 (1H, m, ArH) voth rotamers, 5.29
(1H, td, J=11.8 Hz, J = 3.0 Hz, OCHH,CH3) major, 5.10 (1H, t, J =11.8 Hz, OCH.HvCH2) minor, 4.79 (1H, dd,
J =14.3 Hz, J = 3.5 Hz, ArCH:HuN) major, 4.39 (1H, dd, J = 14.3 Hz, ArCH.HuN) minor, 4.04-3.98 (1H, m,
OCHaHbCH3) minor, 3.96-3.92 (1H, m, OCHaH,CH2) major, 3.75 (1H, dd, J = 15.1 Hz, J = 3.3 Hz, ArCH,HN)
minor, 3.14 (1H, dd, J = 14.3 Hz, J = 3.5 Hz, ArCH.HuN) major, 2.98-2.88 (1H, m, CHN)minor, 2.66-2.57 (1H,
m, CHN)major, 2.66-2.57 (1H, m, CHCH,H,CH), 2.51-2.41 (1H, m, CH,CH;HpN) both rotamers, 2.41-2.36 (1H,
m, CH2CHaHuN) minor, 2.11-2.03 (1H, m, CHaHb)minor, 2.00-1.92 (1H, m, CH2CHaHuN) major, 1.81-1.08 (7H
in total, CH2) both rotamers [1.81-1.67 (2H, M) minor, 1.67-1.54 (2H, M) major, 1.41-1.11 (5H, M) both rotamers,
1.08-0.99 (1H, M)major; 6c (100 MHz, CDCl3) 170.3 (CO) major, 169.8 (CO) minor, 163.2 (ArC) minor, 162.3
(ArC) major, 147.3 (ArC) major, 147.2 (ArC) minor, 137.0 (ArCH) major, 136.7 (ArCH) minor, 130.8 (ArCH) major,
130.7 (ArCH) minor, 128.8 (ArCH) major, 128.7 (ArCH) minor, 128.33 (ArCH) major, 128.29 (ArCH) minor, 127.6
(ArC) minor, 127.4 (ArC) major, 126.8 (ArCH) major, 126.7 (ArCH) minor, 126.5 (ArC) major, 66.0 (OCH2) minor, 62.9
(OCH2) major, 62.6 (NCH) minor, 59.5 (NCH2) major, 58.3 (CHN) major, 53.8 (NCH2) major, 49.9 (NCH2) minor, 49.4
(NCH2) minor, 31.7 (CH2) major, 31.0 (CH2) minor, 30.9 (CH2) major, 28.1 (CH2) major, 25.8 (CH2) minor, 25.5 (CH3)
major, 24.4 (CH2) major, 18.8 (CH2) minor; HRMS (ESI) calcd. for C1gH21N20, 297.1603. Found [MH]* 297.1597
(-2.02 ppm error).
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Methyl 2-((methyl(2-(phenylamino) ethyl) amino) methyl) benzoate (6-144)

o b
To a stirring solution of potassium carbonate (0.104 g, 0.75 mmol) in acetonitrile (7.50 mL), N*-methyl-
N%-phenylethane-1,2-diamine (9-143) (0.225 g, 1.50 mmol) was added followed by methyl 2-
(bromomethyl) benzoate (6-1) (0.115 g, 0.500 mmol). The reaction mixture was stirred at room
temperature for 5 hours under argon before filtering through Celite washing with dichloromethane,
concentrating under vacuum and purifying by flash column chromatography (hexane:ethyl acetate
1:1) to afford the title compound as a yellow oil (0.149 g, 99%) R¢ = 0.59 streek (1:1 hexane:ethyl
acetate); vmax/cm™ (thin film) 3391, 2949, 2798, 1717, 1602, 1505, 1431, 1273, 1249, 1082, 741; &x
(400 MHz, CDCl3) 7.77 (1H, dd, J = 7.5 Hz, J = 1.4 Hz, ArH), 7.47-7.38 (2H, m, ArH), 7.35(1H, td, /= 7.5
Hz, 1.6 Hz, ArH), 7.23-7.19 (2H, m, ArH), 6.74-6.68 (3H, m, ArH), 3.95 (3H, s, OCHs), 3.85 (2H, s,
NCH,Ar), 3.14 (2H, t, J = 5.9 Hz, NCH.CH;N), 2.65 (2H, t, J = 5.9 Hz, NCH,CH:N), 2.21 (3H, s, NCHs); &
(100 MHz, CDCls) 170.0 (€O), 148.9 (ArC), 139.8 (ArC), 130.1 (ArC), 131.2 (ArCH), 130.3 (ArCH), 129.9
(ArCH), 129.3 (ArCH), 127.4 (ArCH), 117.0 (ArCH), 112.9 (ArCH), 61.1 (ArCH;N), 55.8 (CH:N), 52.4
(CHs0), 41.5 (CH;NH), 40.9 (NCH3); HRMS (ESI) calcd. for CisH23N,0, 299.1760. Found [MH]* 299.1751
(-3.01 ppm error).
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5-Methyl-2-phenyl-3,4,5,4-tetrahydrobenzol[f] [1,4] diazocin-1(2H)-one (6-146)

Qs

N

\

To a stirring solution of methyl 2-((methyl (2-(phenylamino) ethyl) amino) methyl) benzoate (6-144)
(0.129 g, 0.433 mmol) in tetrahydrofuran (1.07 mL), aqueous lithium hydroxide (0.5 M) (1.07 mL, 0.563
mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed under vacuum using
dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium (2-((2-
carboxylatobenzyl) (methyl) amino) ethyl) (phenyl) amide was dissolved in chloroform (4.3 mL) and
DIPEA (0.100 g, 0.135 mL, 0.800 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.420 g,
0.650 mmol) and stirred at room temperature for 3 hours under argon. The reaction mixture was
washed sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases
combined dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash
column chromatography (10:9:1 hexane:ethylacetate:triethylamine) to afford the title compound
(0.0860 g, 75%) R¢= 0.3 (10:9:1 hexane:ethylacetate:triethylamine; vmax/cm™ (thin film) 2946, 2240,
1638, 1401, 1029, 727, 697; &4 (400 MHz, CDCls) 7.52 (1H, dd, J = 7.5 Hz, 1.4 Hz, ArH), 7.45-7.40 (2H,
m, 2x ArH), 7.39-7.36 (3H, m, 3x ArH), 7.33 (1H, dd, J = 7.5 Hz, 1.4 Hz, ArH), 7.31-7.28 (1H, m, ArH),
7.27-7.24 (1H, m, ArH), 3.99 (1H, d, J = 14.5 Hz, ArCH,H,N), 3.88-3.81 (1H, m, CH,H,N), 3.67 (1H, d, J
= 14.5 Hz, ArCH,HuN), 3.55-3.49 (1H, m, CH,HuN), 2.77-2.71 (1H, m, CH.HyxN), 2.65-2.59 (1H, m,
CH,HuN), 2.50 (3H, s, CHsN); 6¢ (100 MHz, CDCl3) 171.7 (CO), 142.2 (ArC), 136.9 (ArC), 135.1 (ArC),
130.4 (ArCH), 129.6 (ArCH), 129.5 (ArCH), 129.0 (ArCH), 127.9 (ArCH), 127.8 (ArCH), 127.2 (ArCH), 59.5
(ArCH»N), 55.9 (CH2N), 50.8 (CH;N), 46.9 (NCHs); HRMS (ESI) calcd. for C17H19N,O 267.1497. Found
[MH]* 267.1491 (-2.25 ppm error).
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Methyl 2-((methyl (2-(phenylamino) ethyl) amino) methyl) quinoline-3-carboxylate (6-147)

H

\N/\/N\©
N
AN

PN
0o

To a stirring solution of potassium carbonate (0.194 g, 1.41 mmol) in acetonitrile (4.70 mL), N*-methyl-
N2-phenylethane-1,2-diamine (6-143) (0.141 g, 0.938 mmol) was added followed by methyl 2-
(bromomethyl) quinoline-3-carboxylate (6-136) (0.222 g, 0.938 mmol). The reaction mixture was
stirred at room temperature for 5 hours under argon before filtering through Celite washing with
dichloromethane, concentrating under vacuum and purifying by flash column chromatography (19:1
toluene:methanol) to afford the title compound as a yellow oil (0.113 g, 35%) R¢ = 0.43 streek (ethyl
acetate); Vmax/cm™ (thin film) 3399, 2955, 2850, 1724, 1603, 1507, 1247, 1065, 751, 697; &4 (400 MHz,
CDCls) 8.46 (1H, s, ArH), 8.10 (1H, d, J = 8.3 Hz, ArH), 7.82 (1H, d, J = 8.3 Hz, ArH), 7.76-7.75 (1H, m,
ArH), 7.56-7.53 (1H, m, ArH), 7.17-7.13 (2H, m, 2 x ArH), 6.67-6.62 (3H, m, 3 x ArH), 4.35 (1H, s, NH),
4.15(2H, s, ArCH,), 4.01 (3H, s, OCHs), 3.06 (2H, t, J = 5.6 Hz, NCH,CH,), 2.65 (2H, t, /= 5.6 Hz, NCH,CH>),
2.27 (3H, s, CHsN); 6¢ (100 MHz, CDCls) 169.0 (€CO), 158.5 (ArC), 148.7 (ArC), 147.7 (ArC), 138.4 (ArCH),
131.3 (ArCH), 129.2 (ArCH), 129.1 (ArCH), 128.4 (ArCH), 127.2 (ArCH), 126.4 (ArC), 126.2 (ArC), 116.9
(ArCH), 112.7 (ArCH), 64.1 (ArCHzN), 55.7 (NCH3), 52.9 (NCHs), 41.6 (OCH3), 40.7 (NHCHz); HRMS (ESI)
calcd. for C31H24N30; 350.1869. Found [MH]* 350.1854 (-4.28 ppm error).
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5-Methyl-2-phenyl-3,4,5,4-tetrahydro- [1,4] diazocino [6,7-b] quinolin-1 (2H)-one (6-148)

Q
N“
& =N

N

l
To a stirring solution of methyl 2-((methyl (2-(phenylamino) ethyl) amino) methyl) quinoline-3-
carboxylate (6-147) (0.113 g, 0.324 mmol) in tetrahydrofuran (0.842 mL), aqueous lithium hydroxide
(0.5 M) (0.842 mL, 0.421 mmol) was added and heated for at 50 °C for 3 hours. The solvent was
removed under vacuum using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The
intermediate lithium (2-(((3-carboxylatoquinolin-2-yl) methyl) (methyl) amino) ethyl) (phenyl) amide
was dissolved in chloroform (3.24 mL) and DIPEA (0.0775 g, 0.105 mL, 0.599 mmol) was added
followed by T3P 50% w/v in ethyl acetate (0.309 g, 0.487 mmol) and stirred at room temperature for
24 hours under argon. The reaction mixture was washed sequentially in dichloromethane (2 x 100 mL)
and brine (50 mL), and the organic phases combined dried with sodium sulfate, filtered, concentrated
under vacuum and purified via flash column chromatography (10:9:1 hexane:ethyl
acetate:triethylamine) to afford the title compound (0.058 g, 56%) R¢ = 0.29 (10:9:1 hexane:ethyl
acetate:triethylamine); vmax/cm™ (thin film) 2944, 2802, 2241, 1642, 1491, 1397, 1192, 1062, 921,
792, 700, 728; &4 (400 MHz, CDCl3); 8.39 (1H, s, ArH), 8.03 (1H, d, J = 8.4 Hz, ArH), 7.82 (1H, d, J = 8.1
Hz, ArH), 7.72 (1H, t,J = 7.1 Hz, ArH), 7.51 (1H, t, J = 7.6 Hz, ArH), 7.46-7.40 (4H, m, 4 x ArH), 7.31 (1H,
t,J=7.1Hz, ArH), 4.32 (1H, d, J = 16.1 Hz, ArCH.H,N), 4.08 (1H, d, J = 16.1 Hz, ArCH.H,N), 3.76 (1H, t,
J = 14.0 Hz, ArCH.HuN), 3.51 (1H, d, J = 14.0 Hz, ArCH.HyN), 2.85 (1H, td, J = 12.6 Hz, J = 3.4 Hz,
CH,Hu,NCHs), 2.65 (3H, s, NCH3s), 2.53 (1H, d, J = 12.6 Hz, CH,H,NCHs); 6¢ (100 MHz, CDCl3) 170.7 (CO)
157.2 (ArC), 148.0 (ArC), 141.8 (ArC), 138.6 (ArCH), 130.9 (ArCH), 129.5 (ArCH), 129.4 (ArC), 128.7
(ArCH), 128.1 (ArCH), 127.6 (ArCH), 127.3 (ArCH), 126.9 (ArCH), 126.7 (ArC), 63.4 (ArCH3N), 55.9

(CH;NCH3), 50.9 (CH;NAr), 47.2 (NCHs); HRMS (ESI) calcd. for CyoH20N3O 318.1606. Found [MH]*
318.1609 (0.943 ppm error).
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Methyl 2-(((2-hydroxy-2-(4-hydroxy-3-((2-(methoxycarbonyl) benzyl) oxy) phenyl) ethyl)
(methyl)amino) methyl) benzoate (6-151)

OH
N OH
0
o)
0
O/
o)

To a stirring solution of potassium carbonate (0.415 g, 3.00 mmol) in acetonitrile (5.00 mL), 4-(1-
hydroxy-2-(methylamino) ethyl) benzene-1,2-diol (0.183 g, 1.00 mmol) was added followed by methyl
2-(bromomethyl) benzoate (0.230 g, 1.00 mmol). The reaction mixture was heated to reflux at 90 °C
for 3 hours under argon before filtering through Celite washing with dichloromethane, concentrating
under vacuum and purifying by flash column chromatography (14:4:1 dichloromethane:ethyl
acetate:triethylamine) to afford the (6-151) (90 mg, 19%) R¢ = 0.77 (14:4:1 dichloromethane:ethyl
acetate:triethylamine) vmax/cm™ (thin film) 3433, 2952, 2250, 1714, 1511, 1434, 1264, 1083, 732; &4
(400 MHz, CDCl3) 7.99 (1H, d, J = 7.7 Hz, ArH), 7.76 (1H, d, J = 7.8 Hz, ArH), 7.75-7.6 (1H, m, ArH),
7.54-7.47 (1H, m, ArH), 7.48-7.34 (3H, m, ArH), 7.31 (1H, t, J = 7.3 Hz, ArH), 6.98-6.94 (1H, m, ArH),
6.90-6.76 (1H, m, ArH), 6.85-6.83 (1H, m, ArH), 5.42 (2H, s, OCH,Ar), 4.65-4.61 (1H, m, CH,CHOAr),
3.98-3.80 (2H, m, NCH3Ar), 3.91-3.90 (3H, m, CHs0), 3.87-3.86 (3H, m, CH30), 2.60-2.43 (2H, m,
NCH,CH), 2.22-2.21 (3H, m, CH3N); 6. (100 MHz, CDCls) rotamers observed ina 1:1 ratio 169.2 & 169.2
(CO), 167.7 & 167.7 (CO), 146.5 & 246.0 (ArC), 145.8 & 145.1 (ArC), 139.5 &139.5 (ArC), 138.6 & 138.4
(ArC), 136.5 & 134.2 (ArC), 132.8 & 132.7 (ArCH), 131.5 & 131.4 (ArCH), 131.3 & 131.2 (ArC), 131.0 &
130.9 (ArCH), 130.7 (ArCH), 130.3 & 130.2 (ArCH), 128.9 & 128.5 (ArCH), 128.8 & 128.5 (ArC), 128.1
&128.0 (ArCH), 127.5 (ArCH), 120.0 & 117.7 (ArCH), 114.9 & 113.8 (ArCH), 113.1 & 112.0 (ArCH), 70.4
& 70.3 (ArCH;N), 69.5 & 69.4 (CH), 66.5 & 66.4 (NCH,CH), 60.6 (NCH,Ar), 52.4 (OCHs), 42.0 (NCHs);
HRMS (ESI) calcd. for C37H30NOs 480.2022. Found 480.2016 [MH]* (-1.25 ppm error).
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Dimethyl 2,2'-(((4-(1-hydroxy-2-((2-(methoxycarbonyl) benzyl) (methyl)amino) ethyl)-1,2-
phenylene) bis(oxy)) bis(methylene)) dibenzoate (6-152)

0
N OH O cl)
o)
0
0
O/
0

The same procedure that formed (6-151) also formed (6-152) (113 mg, 18%) R¢ = 0.59 (14:4:1
dichloromethane:ethyl acetate:triethylamine); vma/cm™ (thin film) 3488, 2952, 2253, 1715, 1262,
906, 725; &4 (400 MHz, CDCl5) 8.01 (2H, d, J = 7.9 Hz, 2 x ArH), 7.91 (1H, d, J = 7.9 Hz, ArH), 7.88 (1H,
d,J=7.8Hz, ArH), 7.77 (1H, dd, J = 7.8 Hz, J = 1.4 Hz, ArH), 7.54-7.48 (2H, m, ArH), 7.45-7.40 (1H, m,
ArH), 7.37 (1H, d, J = 7.5 Hz, ArH), 7.35-7.29 (3H, m, ArH), 7.02 (1H, s, ArH), 6.93-6.91 (1H, m, ArH),
6.88 (1H, dd, J = 7.9 Hz, J = 1.9 Hz ArH), 5.57 (s, 2H, OCH>Ar), 5.56 (s, 2H, OCH-Ar), 4.67 (1H, dd, J =
10.5 Hz, 3.1 Hz, ArCHOCH,), 3.99-3.82 (2H, m, ArCHxN), 3.90 (3H, s, CHs0), 3.87 (6H, s, CH;0), 3.46
(1H, bs, OH), 2.61-2.24 (2H, m, NCH,CH), 2.22 (3H, s, NCHs); 6¢ (100 MHz, CDCls) 169.2, (CO), 167.4
(CO), 167.4 (CO), 148.7 (ArC), 148.1 (ArC), 140.3 (ArC), 140.2 (ArC), 139.5 (ArC), 135.5 (ArC), 132.8
(ArCH), 132.7 (ArCH), 131.5 (ArCH), 131.2 (ArC), 130.7 (ArCH), 130.7 (ArCH), 130.7 (ArCH), 130.7 (ArC),
130.3 (ArCH), 127.6 (ArC), 127.6 (ArCH),127.5 (ArCH), 127.4 (ArCH), 127.4 (ArC), 127.2 (ArCH), 127.1
(ArCH), 119.0 (ArCH), 114.1 (ArCH), 112.3 (ArCH), 69.5 (CH), 69.2 (2 x OCH,Ar), 66.4 (NCH,CH), 60.7
(ArCH;N), 52.4 (OCHs), 52.1 (OCHs), 42.0 (CH3N); HRMS (ESI) calcd. for C3gH3sNOs. Found 628.2547
[MH]* 628.2548 (0.159 ppm error).
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Methyl 2-((benzyl (2-hydroxybenzyl amino) methyl) benzoate (6-154)

OH

o)

_0

To a stirring solution of potassium carbonate (0.415 g, 3.00 mmol) in acetonitrile (5.00 mL), 2-
((benzylamino) methyl) phenol (6-153) (0.2133 g, 1.00 mmol) was added followed by methyl 2-
(bromomethyl) benzoate (6-1) (0.230 g, 1.00 mmol). The reaction mixture was heated to reflux at 90
°C for 3 hours under argon before filtering through Celite washing with dichloromethane,
concentrating under vacuum and purifying by flash column chromatography (8:2 hexane:diethyl
ether) to afford the title compound as a clear oil (0.2552 g, 71%) R¢ = 0.27 (8:2 hexane:diethyl ether)
vmax/cm™? (thin film) 3029, 2956, 2838, 2255, 1719, 1588, 1488, 1434, 1453, 1254, 1079, 909, 729; &4
(400 MHz, CDCls) 10.68 (1H, bs, OH), 7.90 (1H, d, J = 7.4 Hz, J = 1.2 Hz, ArH), 7.52-7.46 (2H, m, ArH),
7.39-7.28 (6H, m, ArH), 7.17 (1H, td, /= 8.0 Hz, 1.5 Hz, ArH), 7.04 ( 1H, dd, J = 7.4 Hz, 1.2 Hz), 6.86 (1H,
dd,J=8.0Hz, 1.5Hz, ArH), 6.81 (1H, td, J=7.4 Hz, 1.2 Hz, ArH), 4.05 (2H, s, ArCHzN), 3.90 (3H, s, CHs0),
3.77 (2H, s, ArCH3N), 3.71 (2H, s, ArCH;N); 6. (100 MHz, CDCl;) 168.0 (CO), 157.6 (ArC), 138.8 (ArC),
136.6 (ArC), 132.3 (ArCH), 131.5 (ArCH), 131.0 (ArCH), 130.9 (ArCH), 130.1 (ArCH), 129.2 (ArCH), 128.9
(ArCH), 128.7 (ArCH), 127.8 (ArCH), 127.7 (ArCH), 122.2 (ArC), 119.4 (ArCH), 116.2 (ArCH), 58.4
(ArCHzN), 56.8 (ArCH:N), 55.4 (ArCH:N), 52.3 (OCHs); HRMS (ESI) calcd. for C23H24N0O3362.1756. Found
[MH]* 362.1748 (-2.21 ppm error).
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2-Benzylisoindolin-1-one (6-158)

0

Oy

To a stirring solution of 2-((benzyl(2-(methoxycarbonyl) benzyl) amino) methyl) benzoic acid (6-154)
(0.100 g, 0.277 mmol) in methanol (10 mL) and water (5 mL), aqueous lithium hydroxide (0.5 M) (1.27
mL, 0.637mmol) was added and heated for at 50 °C for 3 hours. The solvent was removed under
vacuum using dichloromethane (5 x 50 mL) to form an azeotropic mixture. The intermediate lithium
2-((benzyl(2-oxidobenzyl) amino) methyl) benzoate was dissolved in chloroform (2.80 mL) and DIPEA
(0.0663 g, 0.090 mL, 0.513 mmol) was added followed by T3P 50% w/v in ethyl acetate (0.220 g, 0.693
mmol) and stirred at room temperature for 24 hours under argon. The reaction mixture was washed
sequentially in dichloromethane (2 x 100 mL) and brine (50 mL) and the organic phases combined
dried with sodium sulfate, filtered, concentrated under vacuum and purified via flash column
chromatography (6:4 hexane:ethyl acetate) to afford the title compound (0.0490 g, 79%) R¢=0.25 (6:4
hexane:ethyl acetate); vmax/cm™ (thin film) 3481, 3031, 2915, 1674, 1452, 733, 701; &4 (400 MHz,
CDCl5) 7.88 (1H, d, J = 6.8 Hz, ArH), 7.52-7.48 (1H, td, J = 7.3 Hz, J = 1.3 Hz, ArH), 7.46-7.42 (1H, m,
ArH), 7.36 (1H, d, J = 7.3 Hz, ArH), 7.34-7.31 (1H, m, ArH), 7.30-7.29 (2H, m, ArH) 7.29-7.24 (1H, m,
ArH), 4.79 (2H, s, NCH3Ar), 4.24 (2H, s, ArCH:N); 6. (100 MHz, CDCls) 168.6 (CO), 141.3 (ArC), 137.1
(ArC), 132.7 (ArC), 131.5 (ArCH), 128.9 (ArCH), 128.3 (ArCH), 128.1 (ArCH), 127.8 (ArCH), 124.0 (ArCH),
122.9 (ArCH), 49.5, (NCH,Ar), 46.5 (ArCH;N); The NMR data are consistent with literature data.*
HRMS (ESI) calcd. for C1sH1aNO 224.1075. Found [MH]* 224.1074 (-0.446 ppm error).
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The end, thank you for reading.
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