UNIVERSITYOF
BIRMINGHAM

Design and Synthesis of N-Containing Bicyclic

Scaffolds for Library Generation

By

Orla M. Conway

A thesis submitted to University of Birmingham for a degree of

DOCTOR OF PHILOSOPHY

School of Chemistry
College of Engineering and Physical Sciences
University of Birmingham

March 2022



UNIVERSITYOF
BIRMINGHAM

University of Birmingham Research Archive

e-theses repository

This unpublished thesis/dissertation is copyright of the author and/or third
parties. The intellectual property rights of the author or third parties in respect
of this work are as defined by The Copyright Designs and Patents Act 1988 or
as modified by any successor legislation.

Any use made of information contained in this thesis/dissertation must be in
accordance with that legislation and must be properly acknowledged. Further
distribution or reproduction in any format is prohibited without the permission
of the copyright holder.



v



Abstract

In recent years, the field of drug discovery has begun to move away from targets which have
traditionally been deemed “druggable” and has placed a focus on the exploration of novel areas
of chemical space. However, efforts to access these challenging targets have been continually
afflicted with low hit rates in early-stage discovery and subsequently high rates of attrition
during clinical trials. Numerous studies have found that a lack of scaffold diversity coupled
with poor physiochemical properties regarding bioavailability are major factors contributing to

the high compound failure rates.

In order to circumvent these issues, drug discovery strategies such as lead- and diversity-
orientated synthesis approaches have been developed to control and direct the molecular
properties of compounds within a screening library to occupy relevant, under-explored areas

of chemical space while synthesising structurally complex and diverse compound collections.

This thesis reports the development of a step-efficient and robust synthetic route for the
synthesis of bicyclic, N-heterocycle-containing scaffolds with stereochemical control. The
designed methodology takes stereochemically controlled 2,4-cis-azetidine rings and through a
series of high-yielding transformations gives rise to two distinct bicyclic scaffolds; a 4,6-fused
system and a 5,6-bridged system (Figure (i)). In silico library enumeration was carried out on
these novel scaffolds using data analytics software to yield large sets of virtual compounds
which were filtered based on their molecular properties to great small diverse sets for the

creation of drug-like screening libraries.

The novel scaffold systems were decorated using a diversity-orientated synthesis approach to

access 177 compounds which display a high degree of structural diversity and three



dimensionality and possess inherently drug-like molecular properties. The resultant

compounds have been submitted for early-stage biological screening and preliminary results

show that several members of the novel compound libraries display a biologically significant

effect on the rate of bacterial growth.
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Figure (i). Two novel scaffold moieties, the 4,6-fused and the 5,6-bridged scaffold, have been synthesised and have been
decorated to create two diverse compound libraries which are structurally complex and stereochemically diverse to
populate underexplored areas of chemical space. The resultant novel compound libraries have been designed to be
inherently drug-like with a high degree of three-dimensionality to explored under-utilised areas of chemical space.
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1.1.Introduction to Azetidines

1.1.1. Structure and Properties of Azetidine Rings

Azetidines are an important class of aza-heterocyclic scaffolds, with a polar-nitrogen atom
embedded in a strained four-membered ring system, with a notable presence in both natural
and synthetic products, displaying a range of biological activities.!* While the ring strain
associated with the azetidine ring (25.4 kcal/mol) is considerable,* it lies between that of the
three-membered aziridine derivative (27.7 kcal/mol), which are less stable and notably harder
to handle, and the unreactive five-membered pyrrolidine ring (5.4 kcal/mol),* > Azetidine 2
was first synthesised in towards the end of the 19" century by Gabriel and Weiner, through the

cyclisation of y-bromopropylamine under basic conditions as shown in Scheme 1.1.°

Base
B r/\/\ NH, o o N

M @)

Scheme 1.1. The first reported synthesis of an azetidine ring was conducted through the cyclisation of y-bromopropylamine

under basic conditions.

Azetidines were initially thought be analogues of aziridines with limited practical usage,
however, the difference in ring strain, geometry and general reactivity combined with the
discovery of natural products such as azetidine-2-carboxylic acid resulted in a renewed interest
in the four-membered ring system as a unique, under-utilised scaffold in organic synthesis and
drug discovery. The structure and geometry of the azetidine ring was elucidated using electron
diffraction’ and additional spectroscopic methods in the 1970s.® Studies have shown the ring

to be highly puckered with a dihedral angle (¢) of 33.1° (Figure 1.1).%°



Figure 1.1. The structure and geometry of an azetidine ring was elucidated using electron diffraction techniques, the ring

system was found to be highly strained with a dihedral angle (¢) of 33° ¢

The dihedral angle of is comparable to that of cyclobutane ( ¢ = ~35°), however, the azetidine
ring displays a higher barrier to ring inversion (1.26 kcal/mol).® The geometry of the ring can
adopt either an axial or equatorial conformation with respect to the hydrogen on the nitrogen
atom. It was found that while both confirmations are possible, the equatorial position with

respect to the hydrogen is the most stable.31

Several more efficient methodologies towards the synthesis of azetidine rings have been
developed since the initial account in the literature.® Yasamura and co-workers reported an
efficient transformation of 1,3-diamine 3 to azetidine 2 using Raney nickel as a catalytic source

under catalytic hydrogenation conditions (Scheme 1.2).!!

H,, Raney Ni
HN >>"NH, —— .
100 °C
3 58% 2

Scheme 1.2. An azetidine ring was formed using 1,3-diamine with catalytic hydrogenation where Raney nickel was used as a

catalyst.!!



A methodology for the conversion of 3-amino-1-propanol 4 to azetidine 2 in four high yielding
steps was reported by Wadsworth.!? Conversion of the alcohol 5 to 3-aminopropyl chloride 6
proceeded in high yields. A cyclisation reaction of compound 6 in the presence of sodium
carbonate formed 7, which was converted to azetidine 2 following the removal of the N-
protecting group, 1-(2-carbethoxyethyl), with potassium hydroxide at elevated temperatures

(Scheme 1.3).1?

EtO,C _~  ~_~
ZC0,Et N OH SOCl,
H,N ~"S0H ——— —_—
reflux DMF, CHCl;,
99% CO,Et RT
99 %
()] W)
EtOzc\/\N/\/\Cl I——Ill i) KOH, 80 °C
Na,CO; ii) 270 °C, distillation D
—_— ’
distillation OEt 98 % NH
CO,Et 70% A (2)
(t)] ()]

Scheme 1.3. An azetidine ring was produced using 3-amino-1-propanol as a starting material, following conversion to the
corresponding 2-aminopropyl chloride, an N-protected azetidine was formed under basic conditions. Subsequent distillation

at elevated temperatures gave rise to an azetidine ring in high yields.””

1.1.2. Metal-catalysed Synthesis of Azetidines

Chen and co-workers have published a methodology towards azetidines via palladium-
catalysed intramolecular amination of y-C(sp?)-H bonds of protected amine substrates.!® The
picolinamide (PA) protecting group has been shown to display directing abilities enabling the
transformation of y-C(sp*)-H bonds with aryl iodides. Phenyliodide(III) diacetate (PIDA) was
found to be the best preforming oxidant in terms of yield. Although the five-membered ring

was initially thought to be the most likely product due to the kinetically favoured five-



membered palladacycle intermediate, the four-membered azetidine (9a-c) was obtained as the
major product as a mixture of diastereoisomers. The final product was consistently obtained in
yields greater than 78% with the exception of the 9a which is unsubstituted at the B-position,

giving a yield of 25% (Scheme 1.4).

“ a—
\ N_/
N A Pd(OAc), (5 mol%)
PhI(OAc), (2.5 Eq) o)
HN 0 » N
AcOH (2.0 Eq)
WO Toluene R 0
Ar, 110°C,24 h
R (NG O\
(8) 25-91% 9a (R - H)
9b (R = (CH3),)
9¢ (R = OtBll)

Scheme 1.4. A palladium-catalysed intramolecular amination of y-C(sp?)-H bonds gave rise to substituted azetidines in

moderate to excellent yields."

As shown in Scheme 1.5, palladium catalysis for the amination of C(sp®)-H was also used by
Wu et al. for the synthesis of polycyclic azetidines.'* PA protected aliphatic amine scaffolds
(10) proceeded to the corresponding polycyclic N-containing heterocycles in generally good to
excellent yields. Silver acetate was used as an additive for the palladium-catalysed C-H
amination, successfully forming a Pd-Ag heterobimetallic intermediate species which allow
the reaction to follow a lower energy pathway and display increased catalytic efficiency.!?
Polycyclic azetidines (11) possessed a quaternary carbon allowing for the possible synthesis of

non-canonical amino acids and the corresponding peptides.'*



0O N Pd(OAc), (10 mol%) R

R - AgOAc (3.0 Eq) o)
@LNH \ 7/ CeFsl (10.0 Eq) N n=0,1,2,4,6

\j

R =H, alkyl, aryl,
BQ (0.5 Eq) I 7 1\{ ester group
Na;PO, (3.0 Eq)
TCE, mw, 130°C, 4 h —
(10) an
23-94%

n

Scheme 1.5. Polycyclic azetidines were synthesised via a palladium-catalysed intramolecular amination of y-C(sp?)-H

bonds. Silver acetate was used as an additive to allow for increased catalytic activity during the cyclisation reaction.'*

Cyclic alkyl amines were again used by Gaunt et al. for the synthesis of highly substituted
azetidines.'® It was found that the combination of the oxidant, benziodoxole, and the additive,
silver acetate, was essential to control the selective reductive elimination pathway to the desired
azetidines. It was proposed that the C-H amination to the corresponding fused azetidine system
was facilitated by a selective reductive elimination step within the catalytic cycle. This
involved dissociative ionisation of the tosylate group present on the benziodoxole oxidant, with
subsequent carboxylate binding to allow for the formation of an octahedral aminoalkyl-
palladium(IV) complex. Nucleophilic attack of the tosyl group then formed a C-OTs bond,
which was then displaced by the amino group to form the desired four-membered ring (Scheme

1.6).

i ?TS
Pd(OAc), (10 mol%) : I
0 Benziodoxole (3.0 Eq) O/\F : 6 g
N. AgOAc (3.0 Eq) N
(0] H > 0 X
DCE : . 0
60°C // ! Benziodoxole

(12) 81% 13)

Scheme 1.6. Highly substituted azetidines were synthesised via a palladium-catalysed amination in the presence of the

oxidant, benziodoxole, with silver acetate as an additive to allow for selective reduction during the catalytic step.’s



As displayed in Scheme 1.7, Jamison and co-workers used nickel catalysis for the
transformation of three-membered aziridines to enantiomerically pure azetidines.!” An initial
cross coupling reaction with 1,10-phenanthroline/nickel(Il) chloride precatalyst occurred
between the aziridine (14) and pentylzinc bromide (15), lithium chloride was found to be
crucial for reactivity by forming a lithium organozincate intermediate with improved
nucleophilicity. The resultant sulfonamide (16) underwent selective methylation to form the 2-
substituted azetidine (17) in high yields, via a 4-exo-tet-cyclclisation pathway. Further
investigation showed this method to be robust when used with a series of aliphatic and aromatic
organozinc reagents, giving the corresponding enantiomerically pure azetidine product in good

yields.
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Scheme 1.7. Nickel-catalysed ring expansion of aziridine rings to enantiomerically pure azetidines was preformed through

reaction with phenylxinc bromide and subsequent selective methyation via a 4-exo-tet cyclisation reaction pathway. Lithium

chloride acts to improve nucleophilicity of the pentyl bromide reactant by forming a lithium organozincate intermediate.”’”

1.1.3. Cyclisation via Nucleophilic Substitution

Cyclisation of amines through nucleophilic displacement of a leaving group, most commonly

halides, has long since been the most popular route towards the azetidine ring.> 3

Nucleophilic displacement was employed by Ju et al. to form mono-substituted azetidines with

simple reagents in a microwave assisted process.!® The cyclisation reaction of dihalides and



primary amines occurred in aqueous media in the presence of potassium carbonate to give an

N-arylated azetidine 22 in moderate yields (Scheme 1.8).

K,CO5, H,0 S

NH, 80 W, 120 °C, 20 min N
+ Cl/\/\Cl
54%

(20) 1) (22)

Scheme 1.8. Mono-subsituted azetidines were formed from simple reagents in moderate yields using a microwave assited

process.’

While halides consistently remain the most popular choice of leaving group, triflates and
sulfonate esters have also been shown to undergo base-mediated cyclisation. Hillier and co-
workers have reported an efficient methodology for the synthesis of 1,3-disubstituted
azetidines from a series of 1,3-propane diols in a single step.!” An example of this 1,3-
disubstituted azetidine synthesis can be seen in Scheme 1.9, where the alkylation of primary

amines by bistriflate 24 formed 1,3-disubstitued azetidine 25 in a yield of 92%.

HO OH TfO OTf Ph,CHNH,
Tf,0, DIPEA DIPEA
—_— —_—
CH;CN, -20 °C 70 °C N
92%
(23) (24) (25)

Scheme 1.9. 1,3-propane diol was converted to the corresponding bis-triflate which was subsequently reacted with primary

amine under basic conditions to synthesis the resultant 1,3-disubstituted azetidine. 19



This methodology was applied by Miller et al. for the synthesis a novel B-amino acid 29, which
was later incorporated into several pharmaceutically active compounds, including CCRS
receptor modulators and protein inhibitors.?® As shown in Scheme 1.10, malonate 26 was
converted to the corresponding triflate 27, which yielded azetidine (28) on reaction with
benzylamine. Subsequent hydrolysis, decarboxylation, and removal of the benzyl group via
catalytic hydrogenation yielded azetidine-3-carboxylic acid (29) in a 55% yield over three

steps.

i) Tf,0, PrNEt CO,Et
.. 1
i1) BnNH,, 'PrNEt EtO,C

HO” > “OH . ‘L—\
Et0,C” CO,Et > N \/@

(26) 27
i) NaOH 0 0
ii) HC1 H,, Pd(OH)
HO )
’ 2 2 S HO
N 60 °C, 40 psi
55% over NH
three steps
(28) (29

Scheme 1.10. A methodology to access a novel [-amino acid via nucleophilic substitution was reported. Under basic
conditions a malonate was converted to the corresponding bis-triflate which yielded a 1,3-disubstiuted azetidine upon
alkylation with a primary amine. Following a series of hydrolysis, decarboxylation and deprotection reactions, the novel

azetidine-containing [-amino acid was accessed with a yield of 55%.

1.1.4. Intramolecular Cyclisation towards Azetidines

An intramolecular approach towards azetidine synthesis has frequently been reported in the
literature. 3 ° De Kimpe and co-workers have published a route towards 2-trifluoromethyl

(CF3) functionalised azetidines in moderate to excellent yields over a four-step synthesis



(Scheme 1.11).2! Reaction of trifluoroacetoacetate (30) with a primary amine under mildly
acidic conditions yielded an enamine (31) which upon reduction with sodium borohydride
afforded y-amino alcohol (32). Treatment with thionyl chloride converted the alcohol group to
a halide leaving group (33). Intramolecular cyclisation of 33 in the presence of lithium
bis(trimethylsilyl)amide (LiHMDS) in THF resulted in 1-alkyl-2-(trifluoromethyl) azetidine
(34). It was reported that the presence of the strong base, LIHMDS, was required to achieved
intramolecular cyclisation as the electron-withdrawing nature of the trifluoromethyl group
greatly reduced the nucleophilicity of the nitrogen atom. De Kimpe et al. have also reported a
route towards enantiopure trans-2-aryl-3-chloroazetidines through the transformation of chiral

a-chloro-B-amino-N-sulfinyl imidates.?

RNH, R
O O CH;COOH ‘NH O
F5C J\)J\o/ CHCI, F CMO/
30 A, 5h 3
(30) 77 - 99% 31)
NaBH,
R
EtOH "NH socl, R \H
THF FiC )\AOH CH,Cl, FiC )\Aa
A, 16h A,’5h
50 -79% (32) 50 - 83% (33)
R = Bn (80%)
R = 4-CH;C4H,CH, (77%)
LiHMDS R = 4-CIC¢H,CH, (90%)
> N, R = 2-CIC4H,CH, (59%)
N,, THF FyC R R = C4Hs(CH,), (81%)
A, 4h R = 4-CH,0CH,CH, (85%)
59 -90% 34 R = 3-CH;0CH,CH, (72%)

Scheme 1.11. Trifluoroacetate was reacted with a primary amine to access the corresponding enamine, subsequent
reduction with sodium borohydride yielded a y-amino alcohol. Reaction with thionyl chloride allowed for the transformation
of the alcohol group to a halide leaving group. Intramolecular cyclisation occurred in the presence of a strong base
resulting in a 1,2-disubstituted azetidine in yields of over 70%, with the exception of R = 2-CICsH,CH> which yielded the

final product in 59% yield.”
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As shown in Scheme 1.12, deprotection of the imidate (35) occurs in the presence of 4 M
hydrochloric acid in dioxane giving rise to (36), the corresponding imidate hydrochloride,
which readily undergoes hydrolysis to access the ester functional group (37). Lithium
aluminium hydride (LAH) was used as a reducing agent in anhydrous THF to produce the
resultant [-chloro-y-sulfonylamino alcohol (38) which then underwent intramolecular
cyclisation yielding the trans-chloroazetidine (39) via classical Mitsunobu reaction conditions

in excellent yields.

Ts<
NH NH.HCI

Ts.. .S=p  4M HCl in Dioxane
NH N . P
L Et,O T 0
Y RT, 1h Cl H,0
Cl 71% 50 °C, 24h
94%
(35) (36)
PPhs T\ N
cl, DIAD LAH Q
.. - B — e
THF T oH THF T 0
N, RT. 24h Cl 0°C.25h Cl
Ts 97% 87%
(39) (38) 37

Scheme 1.12.. An imidate was deprotected using 4 M hydrochloric acid to access the corresponding imidate hydrochloride
which was subsequently hydrolysed to give rise to the resultant ester. Subsequent reduction with lithium aluminium hydride
allowed for transformation to the resultant [-chloro- y-sulfonylamino alcohol which underwent intramolecular cyclisation to

the corresponding 1,3,4-trisubstituted azetidine via classical Mitsunobu conditions.

Smith and co-workers have reported a methodology to access (S)-2-methylazetidine(R)-(—)-
camphorsulfonate from a simple 1,3-butanediol.>* The 1,3-butanediol (40) underwent a
mesylation reaction giving rise to the corresponding bis-mesylated product (41). Treatment

with benzylamine at a relatively low temperature (45 °C) gave azetidine (42) in a yield of 54%
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with 95% ee. Removal of the benzyl group was possible with hydrolysis using palladium on

carbon as a catalytic source, allowing (S)-2-methylazetidine (43) to be isolated with a yield of

99% (Scheme 1.13).
MsCl
Et;N A/L
_— =
HO OH DCM MsO OMs
89%
(40) 41)
L] H,
o N.
45 °C THF/MeOH H
53% 60 °C
99%
42) 43)

Scheme 1.13. 1,3-butanediol was reacted with methansulfonyl chloride to access the corresponding bis-mesylated product,
subsequent reaction with benzylamine gave the corresponding 1,4-disubstituted azetidine Subsequent palladium-catalysed

hydrolysis to remove the benzyl protecting group yielded (S)-2-methylazetidine(R)-(—)-camphorsulfonate in a yield of 99%.*

An alternative method for the synthesis of enantioselective functionalised azetidines was
reported by Lindsley et al.?® A readily available B-chloro-alcohol (44) was activated through
conversion to the corresponding triflate, in the presence of 18-crown-6-ether (18-C-6),
followed by displacement with potassium cyanide yielding the P-chloro-nitrile (45) in
moderate to good yields. The nitrile compound was then reduced in the presence of
indium(IIl)chloride-sodium borohydride, the resultant y-chloro-amine was then cyclised to the
corresponding 2-alkyl azetidine (46) in the presence of potassium hydroxide (KOH) in a 1:1
mixture of THF/H>O using microwave irradiation. This methodology achieved high

enantioselectivies (84-92% ee) but poor overall yields (22-32%) as shown in Scheme 1.14.

12



i) Tf,0, DCM, 0 °C

R! ii) KCN, 18-C-6, CH;CN R!
Y oH -~ Y ooN
Cl 66-86 % Cl R!= ethylbenzene
= l-ethyl-4-methoxybenzene
(44) (45) = 2-ethyl-5,5-dimethyl-1,3-dioxane
i) InCl., NaBH = 2-fluoro-1 ,4-dimethylbenzene
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(46)

Scheme 1.14. Enantioselective mono-substituted azetidines were synthesised from [-chloro-alcohols. The alcohol group was
activated by conversion to the corresponding triflate which was subsequently displaced using potassium cyanide to access
the resultant [-chloro-nitrile. Reduction of the nitrile group with indium(I1l)chloride-sodium borohydride yielded the
corresponding y-chloro-amine which was then cyclised to a 2-alkyl azetidine in the presence of potassium hydroxide using

microwave irradiation.

1.1.5. lodine-mediated Heterocyclic Ring formation

Molecular iodine,?® N-bromosuccinimide (NBS),?” N-chlorosuccinimide (NCS),*® N-
iodosuccinimide (NIS)* have been employed as electrophilic halogen sources for the
cyclisation of alkenes and alkynes to the corresponding nitrogen-containing heterocycles.
lodine-mediated cyclisation and functionalisation of heterocycles has been extensively
reviewed by Mphahlele®?, Tilve and co-workers?! and Verma and co-workers,*? therefore only

examples relevant to this work will be discussed in detail.

Over the past century, molecular iodine has gained recognition as an efficient,* 3* non-toxic,?
cost effective,® bench stable electrophilic reagent, which can be employed in halocyclisation
reactions to produce novel iodo-functionalised heterocyclic compounds, which are employed
as useful intermediate compounds in the synthesis of novel molecules.?’” Nitrogen-containing

heterocycles and their analogues have remained popular in the medicinal chemistry community

13



due to their favourable pharmacological properties.’® The general mechanism of
halocyclisation for compounds with a double or triple bond proceeds through activation of the
n-bond, either by a charge transfer or via the formation of an iodine-containing intermediate
molecule.’® This activation step is then quickly followed by an intramolecular nucleophilic
attack, occurring in either an endo- or exo- fashion, in line with the substrate’s respective
geometry (Figure 1.2). There have been several examples of this synthetic route published in

the literature.3-32

Iodoiranium/lodoirenium

Alkene/Alkyne o oo
bond activation lnf ermediate
ormation
<

N
_ — > R &
Nu

Iodocyclisation
I R I
R Nu > ?\Iué
Endo-cyclisation Exo-cyclisation

Figure 1.2. The general mechanism of iodine-mediated halocyclisation for compounds with a double or single bond
proceeds via the activation of the mbond, either by a charge transfer or through the formation of an iodine-containing
intermediate molecule. Intramolecular nucleophilic attack then occurs in an endo- or exo- fashion in line with the geometry

of the substrate resulting in the cyclised product.’’
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Davies and co-workers described a method for the synthesis of polyhydroxylated pyrrolidines
using an iodo-amination reaction to achieve intramolecular ring closure.*® Treatment of 47 with
an equivalent of molecular iodine in the presence of a base allowed for the formation of the
iodonium ion (48) in situ, which was closely followed by a concerted intramolecular ring
closure to give rise to a quaternary ammonium ion (49). Loss of the N-a-methylbenzyl
protecting group in an Sn1 fashion gives the iodomethyl pyrrolidine compounds 50 and 51 as
a racemic mixture. When acetonitrile was used as the reaction solvent, the formation of
compound 51 was found to be stereochemically favourable, occurring in a ration of almost 4:1
compared to compound 50. It was hypothesised that this was either due to the stereoselective,
irreversible formation of a single diastereomer of the iodonium ion (48), followed by the ring
closure and deprotection, or through a reversible formation of the iodonium ion (48), which is
then followed by the selective formation of a single diastereomer of the final pyrrolidine
compound, with subsequent deprotection of the nitrogen group (Scheme 1.15). A solvent
screen using a series of solvents with reducing polarity (toluene, tetrahydrofuran, and
chloroform), was carried out to test the proposed hypothesis. Lower polarity solvents offered
increased conversion to the final products but with a notable decrease in the stereoselectivity
when compared to acetonitrile. This decrease in selectivity is consistent with a rapid
equilibrium between both iodonium intermediates in polar acetonitrile, followed by the rate-
determining intramolecular ring closure of one of the diastereomeric iodonium ions to the

corresponding ammonium ion and deprotected pyrrolidine.

15
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Scheme 1.15. Polyhydroxylated pyrrolidines were synthesised via an iodine-mediated intramolecular amination reaction.
Treatment of the alkene-containing starting material with iodine under basic conditions gave rise to a five-membered
pyrrolidine intermediate. Subsequent removal of the N-a-methylbenzyl protecting group in an Syl fashion gave rise to two

products, the cis- and trans-diastereomer in a 4:1 ratio.*

Liu et al. published a route towards fused benzimidazoles from compounds containing terminal
and substituted alkynes through an iodine-mediated pathway (Scheme 1.16).*' Todine
coordinates to the alkyne triple bond to form the iodonium complex (53) During the activation
of the double bond, silvernitrate was added in order to boost the yield of the desired products
through inhibition of bis-iodiine biproducts, instead forming silver iodide.** Intermediate
compounds 54 and 55 were formed following nucleophilic attack of the activated bond by the

nitrogen atom on the benzimidazole ring. This cyclisation reaction occurred via an exo-dig (54)
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or an endo-dig (55) pathway, which was then followed by a rapid proton transfer resulting in

formation of the final tricyclic products (56 and 57).
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R I R
(54) (55
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N N

OLa O

RN _R
(56) (57)
90-94% 55-93%

Scheme 1.16. Alkyne-containing compounds were used to access fused benzimidazoles using an iodine-mediated
methodology. Molecular iodine co-ordinated with the alkyne triple bond in the presence of silver nitrate to form the
resultant iodonium complex. Intermediate compounds were then formed through endo-dig and exo-dig nucleophilic attack of
the nitrogen lone pair on the iodonium complex. Rapid proton transfer then occurred, giving rise to the corresping,

multicyclic final products.”’’!

Knapp and co-workers reported a synthesis towards five-membered iodolactams via and
iodine-mediated cyclisation of N,O-bistrimethylsilyl derivatives.*> As shown in Scheme 1.17,

the unsaturated amide (58) was initially converted to the corresponding imidate (59) through

17



reaction with a triflate under basic conditions. The iodonium intermediate (60) was then created
through coordination with the double bond. Following a quench with aqueous sodium sulfite,
a rapid electron rearrangement occurred, restoring the original amide bond, and closing the ring

to form the desired 5-(iodomethyl)pyrrolidin-2-one (61) in moderate yields.

O (CH5);SiOTf OSi(CH3); 1.1, THF
NH, ——> NSi(CHy); ——>
DCM

\ \

(58) (59) (61)
@ 64%

Casi(CH3)3

NH

( NSi(CHy);
.

B
(60)

Scheme 1.17. lodine-mediated cyclistion was used for the creation of five-membered iodo-lactams. An unsaturated amide
was reacted with a triflate to access the corresponding imidate which was subsequently reacted with molecular iodine to
give rise to a cyclised iodonium intermediate. Rapid electron rearrangement allowed for the restoration of the amide bond,

accessing the resultant 5-(iodomethyl)pyrrolidin-2-one with a yield of 64% *

Significant research has been carried out within the Fossey group towards iodine-mediated
cyclisation. A diastereoselective methodology towards four-membered azetidines or five-
membered pyrrolidines has been reported.** *> As shown in Scheme 1.18, activation of the
homoallylic amine double bond occurred through coordination of an iodine molecule, resulting
in the iodonium intermediate (63). Following the subsequent intramolecular attack, the 2,4-cis-
iodo-azetidine (64) was formed which could be readily functionalised to the corresponding 2,4-

cis-amino-azetidine (65) through nucleophilic attack. Alternatively, iodo-azetidine 64 could

18



undergo thermally controlled isomerisation to the corresponding 2,4-cis-iodo-pyrrolidine (68)
when heated to around 50 °C which again can be converted to the corresponding amino-
pyrrolidine (69) following a nucleophilic substitution reaction. This methodology yields both
amino-azetidines and amino-pyrrolidines in a highly diastereoselective fashion in good yields.

and forms the basis of this work discussed in this thesis.
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Scheme 1.18. Reaction of homollylic amines with molecular iodine under basic conditions gives rise to an iodo-azetidine
intermediate which can be reaction with a nucleophile to create a 2,4-cis-azetidine compound in a diaterioselective fashion.
Heating of the iodo-azetidine intermediate results in conversion to the corresponding iodo-pyrrolidine intermediate which

can subseqently be reacted with a nucleophile to access the corresponding 2,4-cis-pyrrolidine product.
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1.2. Biological Applications of Azetidines

1.2.1. Azetidines in Natural Products

The discovery of L-azetidine-2-carboxylic acid in 1956 by Fowden, sparked significant interest
in azetidines within the medicinal chemistry community, due to their natural occurrence in
many plants and as an analogue of the amino acid, L-proline (70).*® The azetidine core is
relatively rare, however some examples of it occurring in nature can be seen in Figure 1.3.
Mugineic acid (71) can be readily extracted from the roots of the barley plant and is a
phytosiderophore shown to promote the uptake of iron for chlorophyll biosynthesis.*” Polyoxin
A (72) is a peptide nucleoside antibiotic and is a potent inhibitor of chitin biosynthesis within
cell walls, and also possesses additional anti-fungal properties.*® Calydaphinone (73), an
alkaloid, has been isolated from members of the plant species Daphniphyllium, which
possesses an azetidine ring within its complex, polycyclic structure.** Azetidine alkaloid
analogues have also been extracted from marine life forms, Penaresidin A and penaresidin B
have shown significant activation of ATPase in actomycin, and were obtained from an aquatic

sponge indigenous to the Pacific Ocean.? >°
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Figure 1.3. Azetidine rings commonly occur in natural products. L-azetidine-2-carboxylic acid was discovered in the later
1950’s and is an analogue of the amino acid, L-proline. Mugineic Acid has been showed to promote the uptake of iron from
soil by plants. Polyoxin A has inherently anti-fungal activity and is a nucleoside antibiotic. Calydaphinone is a naturally

occurring alkaloid which has been successfully isolated.

1.2.2. Azetidines in Pharmaceutical Agents

Despite the difficulties associated with its synthesis, the azetidine core has long since been, and
continues to be, a popular motif in pharmaceutically relevant compounds.? These have found
use as treatments for a variety of disorders, with some examples shown in Figure 1.4.

Compounds with the azetidine moiety display a diverse range of pharmacological activities,

51,52 156

such as anti-cancer, anti-bacterial,> anti-microbial,>* anti-schizophrenic,* anti-malarial,
anti-obesity,>’ anti-inflammatory,>® anti-diabetic, anti-viral,®® anti-oxidant,®' analgesic,%? and

dopamine antagonist activities,® and are also useful for the treatment of central nervous system
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disorders.** Dipeptidyl peptidase-4 inhibitors are a relatively new class of oral diabetes
therapy,®> compound 74 was identified as a lead compound in both acute and chronic obesity
models.%® A selective endocannabinoid (CB1) receptor antagonist (75) was developed by
medicinal chemists at Pfizer and was patented for the treatment of certain metabolic
disorders.%” Compounds displaying anti-convulsant and anti-epileptic activity have also been
studied, the azetidinecarboxamide 76 has been patented for the potential treatment of disorders
of the central nervous system.®® Studies revealed, the 3-substituted azetidine (77) as a potential
treatment for depression, due to its’ inhibitory activity towards several neurotransmitters.®
Additionally, a novel benzodioxane 78 has been patented as a leukotriene hydrolase inhibitor,

for use in the treatment of cardiovascular diseases.”®
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Figure 1.4. Azetidine rings are a popular motif in pharmaceuticl agents, Compounds with the azetidine moiety display a
diverse range of pharmacological activities and have been used for treatment of diabetes, metabolic and central nervous

system disordera. They have also been used to target cardiovascular disease and conditions such as depression.

Lowe and co-workers carried out a large-scale, diversity orientated library synthesis of

azetidine-based polycyclic scaffolds for the treatment of central nervous system disorders.%
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Mykhailiuk et al. carried out a synthesis of spirocyclic azetidine compounds which were

more potent and less toxic than the currently marketed anaesthetic drug, Bupivacaine.”!

1.3. Challenges in the Pharmaceutical Industry

Over the previous three decades, the pharmaceutical industry has faced several challenges
including a reduction in revenue, a decreased rate new chemical entities (NCE) advancing
through the drug discovery pipeline and gaining approval, along with decreased innovation in
terms of research and development.’?7* Clinical candidates proposed today are considerably
more like to fail than in the 1970°s when success rates were at approximately 40%,”> today
only 10% of candidates make it through the discovery and approval process.”® 77 There are
many factors contributing to the decline of the pharmaceutical innovation and the resultant
reduced revenue within the sector; the increasing cost of research and development has led to
an increased aversion to risk taking when selecting new compounds for testing. Due to the high
rate of attrition and complexity of the regulatory process coupled with an increasing research
and production cost, several steps have been taken to increase the likelihood of a NCE

advancing through the discovery pipeline and entering the pharmaceutical market.”

The process of drug discovery is both lengthy and expensive and consists of multiple stages,
typically taking between 12-15 years and cost over $2.6 billion for each marketed NCE (Figure
1.5).77-7% A target must first be identified and validated before compound screening techniques
can be employed to identify molecules with the desired activity against the chosen target, these
active molecules are termed “hits”. Once a number of hits have been identified, the selection
is optimised by choosing the most potent and selective compounds in the set which possess
pharmacokinetic properties suitable for in vivo biological testing.”” This refined set of

compounds are termed “leads” and are then further optimised to improve their activity and
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drug-like molecular properties in order to create a set of preclinical candidate molecules with

optimal pharmacodynamic and pharmacokinetic properties for biological testing.””- 8

Target
Identification&
Validation

Hit Identification Lead Optimisation Preclinical Trials

Phase I Phase II Phase III

Registration

Approved NME ]

Figure 1.5. The drug disocvery process is typically extends over 12-15 years and is extrememly financially demanding.

Following on from the initial target validation compounds must be screened in order to find potential hits. The selected

compounds are then optimised and undergo a series of pre-clinical trials to establish early safety and efficacy data. The
drug candidate then enters clinical trials to establish the optimal dosage and possible safety concerns. If a candidate
successfully progresses through each phase of clinical trial it is submitted for approval and registration before being

marketed as a New Molecular Entity (NME).%"

Preclinical candidates then undergo a series of safety and efficacy tests using a combination of
in silico modelling and in vivo animal trials prior to entering the clinical testing phase. Clinal
trials are divided into a number of phases, beginning with Phase I which is primarily used to

assess the safety and potential side effects of the NME in healthy individuals, while also
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establishing the optimal dosage. If a candidate successfully progresses through Phase I it moves
to the second stage, Phase I, and is tested in individuals with the targeted disease. Phase II is
often viewed as a “proof of concept” study, designed to demonstrate the clinical efficacy or
biological activity of the proposed candidate. Phase II studies are also used to further optimise
the dose at which maximal activity is achieved with minimal side effects. Trial failure is most
common during Phase I1.8! The final stage of clinical testing, Phase III, is designed to assess
the effectiveness of the candidate in large patient groups (300-3000 individuals) and are
generally randomised and conducted across multiple centres to ensure a mixed testing
population.®? Phase III trials are the most expensive and time-consuming to design and manage
due to their scale and are commonly thought of as the “pre-marketing phase” as a consumer’s

response to the product can be measured.®

Once a candidate has been awarded regulatory approval for widespread distribution and use, it
is registered and marketed, this stage of the process is commonly known as Phase IV or as a
post-marketing surveillance and monitoring trial as the newly available drug is continually

assessed in terms of its’ long-term safety and effectiveness in the general population.

As previously discussed, it can take between 12 to 15 years to progress a lead compound to the
clinic. The attrition rate of compounds during this period is not insignificant; a study published

in 2014 reports that over 92% of small molecule drugs that entered phase I clinical trials did

1.84

not reach approval.®* Due to this high rate of failure and the rapid development of drug

resistance in many infective species, there is large amount of pressure on the pharmaceutical

industry to identify and produce new pharmaceutical leads at a rapid rate.?> 86
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In answer to this pressure, many companies began to use high-throughput screening (HTS)
methods to identify lead compounds in the 1990’s, and it is still one of the most commonly
employed methods of lead identification.®-#” This process allows for large compound libraries,
to be screened in a rapid and relatively inexpensive manner. HTS libraries can range in size,
from hundreds to millions of compounds depending on the project requirements.?® The cost-
effective nature of the process, coupled with the speed at which screening can occur means that
HTS has the potential to produce large numbers of potential lead compounds which can be
progressed through the drug discovery pipeline with minimal financial burden. The HTS
process is made up of several stages, as summarised in Figure 1.6, each of which plays an
integral role in compound evaluation and selection. HTS is most commonly an automated
process involving an operation platform, an advanced robotic system, a highly sensitive method
of detection, a specific in vitro screening model and data acquisition and processing system.®*:
%0 Advances in technologies such as fluorescence, affinity chromatography and surface plasma
on resonance it is now possible to screen upwards of 100,000 compounds per day in a single

laboratory.”°
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Figure 1.6. Following target identification, High-Throughput Screening (HTS) is used to screen large compound libraries to
identify possible lead compounds. Initially assays are developed and validated on small sets on compounds before being
being employed to rapidly screen libraries containing hundreds to millions of compounds depending on the needs of the

project. Screening data is analysed and the results are used to inform the slection of lead compounds which will be

continued onto the next stage of the drug discovery pipeline.

1.4. Drug-Likeness: Properties Necessary for Successful Hits

There is an apparent link between the physiochemical properties and drug-likeness of a
proposed drug candidate. In the early 1990’s, Lipinski et al. studied the effects of
physiochemical properties on solubility and permeability in the context of drug discovery
through a number of experimental and computational approaches.”! As a result of this, the
following four guidelines were proposed to maximise the oral bioavailability of proposed lead
compounds:®? the compounds should possess no more than five H-bond donors, no more than
H-bond acceptors, have a molecular weight below 500 Da and have a calculated LogP (cLogP)

value of 5 or below (Table 1.1). cLogP is a calculated property derived from the log value of
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the ratio of concentrations of a solute between two immiscible phases, octanol, and water
(Equation 1.1).%%°* If a drug is too lipophilic, it may have poor ADMET-related (absorption,
distribution, metabolism, excretion, and toxicity) properties, and have issues binding to serum
proteins, resulting in some undesirable off-target effects within the body.”> Conversely, if the
LogP value lies below 1, studies have shown increased problems with metabolic clearance and
aqueous solubility, resulting in difficulty crossing cell membranes.”®°7 These guidelines have

been termed the Rule of Five (Ro5).”!

Equation 1.1. An equation used for the calculation of LogP values.

[SOlute] octanol)
[SOlute] water

LogPoctanoy; = log(
It was widely accepted that violating one or more of these guidelines leads to compounds with
poor oral absorptions and in turn poor pharmacokinetic properties which would likely result in
failure during early-stage clinical trials. The Ro5 guidelines, defined by Lipinski, were quickly
adopted by the pharmaceutical community for designing high-throughput screening libraries
and successfully reduced the rate of attrition due to poor ADMET-related properties from 40%

to 10%.+ %3

30



Table 1.1. A series of guidelines were proposed in order to optimise the oral bioavaiability of pharmaceutical compounds.

These guidelines have been termed “The Rule of Five”.*" %

Physiochemical Properties Ideal Value
Molecular Weight <500 Da
Hydrogen Bond Donors <10
Hydrogen Bond Acceptors <5
cLogP <5

Most compounds which are orally bioavailable are compliant with these guidelines and
Lipinski has advised that an “ideal compound” which possesses such characteristics will have
a higher chance of being successful throughout the drug discovery stages, and these criteria
have been widely applied by medicinal chemists to predict the overall drug-likeness.”®
However, it is worth noting that there has been a departure from these guidelines in more recent
times with studies showing that compounds with a significantly lower molecular weight and
cLogP value have become increasingly favoured as compounds which lie close to the upper

edge of the Lipinski limits have a lower probability of success.

During the optimisation of lead-like compounds, the drug candidate typically shows an
increased molecular weight and becomes more lipophilic when compared to that initial lead
compound, this occurs as the lead compound is decorated with additional substituents in order
to enhance the compounds activity towards the desired target.”®- 1%° To facilitate this, the lead-
compound will ideally possess physiochemical properties which when further optimised will
allow them to move from the lead-like area of chemical space towards optimal drug-like space

(Figure 1.7).%% 101,102
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Figure 1.7. Compounds which are selected as leads following early target validation and HTS studies typically fall into the
region of chemical space shown in the red circle and normally have a molecylar weight of below 350 Da and a cLogP of
less than 3. As lead compounds are optimised towards their intended target they move towards optimal drug-like space,

typically becoming heavier and more lipophilic. This figure has been adapted from Nadin et al. *°

A molecule with molecular properties falling outside of lead-like chemical space prior to
optimisation will have a greatly increased risk of failure during the later stages of discovery
and development.”® As lead-like compounds are optimised they move away from the initial
Ro5 guidelines and begin to adopt properties to enhance their lead-likeness, these parameters

are summarised in Table 1.2.
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Table 1.2. Following the identification of potential lead compound, their physiochemical properties are increasingly refined

to fall within lead-like chemical space.?® 193 104

Physiochemical Properties Ideal Value

Molecular Weight 200 — 350 Da
Heavy Atom Count 14 -26
Lipophilicity -1 <cLogP <3
Aromatic Ring Count 1-3
Shape 3-D
Substructures Absence of chemically-reactive or redox-active groups

1.5. Compound Dimensionality: Importance and Analysis

Assessment of compound shape has become increasingly more important for success at the
discovery and development stage. Several methods have been developed to analyse
compounds, computationally and experimentally, based on their shape and possible
conformations. The importance of computational analysis in early-stage drug design has been
highlighted by Bender and co-workers, by showcasing how the utilisation of novel
computational methods can allow for a more efficient exploration of therapeutically relevant
chemical space.!® It has also been widely reported within the community that assessment of

shape is one of the most effective methods for ensuring diversity in a set of compounds.!'%>-107

1.5.1. Fraction of sp? Centres (Fsp®)

In 2009, Lovering and co-workers introduced a new method to evaluate the molecular
complexity of molecules, using the number of sp? centres present in each molecule.!® This

approach was developed as a simplification of a method originally described by Badertscher
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in 2001, which calculate the saturation in a given molecule through a mathematically
demanding formula.'” The degree of unsaturation (DU) can be calculated using Equation 1.2
or through a structural representation of a molecule, itemising the contribution of each structure

element (Equation 1.3).

Equation 1.2. An equation used to calculate the degree of unsaturation in a molecule.
1
DU=1+5(=q+ ) mi(b—2))
i

q = total molecular charge
n; = number of atoms of element, i
b; = standard numer of bond electrons of i

Equation 1.3. An alternative equation for the calculation of the degree of unsaturation value.

1
DU = DB +2TB + RING + (1 = DIS) + - ELE

DB = number of double bonds
TB = number of triple bonds
RING = number of rings
DIS = number of disjoint parts
ELE = number of localised electrons

Both mathematical formulas are complex and require a large degree of input by the user, which
is notably inefficient when compared to the formula (Equation 1.4) proposed by Lovering,
which is a readily interpretable, user-friendly measure of saturation whereby the number of sp*
hybridised carbons is divided by the total number of carbons in a given molecule.!®® This

measure is termed the fraction of sp* (Fsp?).

Equation 1.4. An equation for the calculation fsp* values.

number of sp® hybridised carbons
total number of carbons

Fraction of sp® =
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Despite its popularity, this method has been criticised, primarily noting that Fsp® poorly
characterises whether the sp® carbons are connected to vectors which extend out of the main
plane, therefore actively contributing to the structural diversity. Blagg and co-workers used
two compounds, termed A and B, which have the identical Fsp® values but have
computationally-derived conformations which are different to each other to illustrate this
point.!” Both A and B have an Fsp® of zero, suggesting that each compound should be planar.
However, as can be seen in Figure 1.8, due to the presence of a pseudo-sp? carbon in compound
B, it displays a “V-like” shape, whereas compound A is linear as expected through the
calculation. This difference is likely to be detected by other shape analysis protocols which
would be employed in tandem with Fsp? calculations, meaning that it remains a valuable tool

for the rapid analysis of molecular complexity, particularly in regards to large compound sets.
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Figure 1.8. Two compounds, termed (A) and (B), have the same Fsp® value of zero, suggesting that both compounds should
be planar. However, both (4) and (B) possess different conformations which have been computationally-derived, the
presence of a pseudo- sp® carbon in (B) causes it to have a “V-like” conformation whereas (4) is planar as would be

expected. This figure has been adapted from Blagg and co-workers.”

1.5.2. Plane of Best Fit (PBF)

Blagg et al. presented an alternative method of shape analysis, to quantify and characterise the
three dimensionality of molecules in a rapid and unambiguous manner.'”” The method
quantifies how far any molecule is removed from a two-dimensional plane, termed the plane
of best fit (PBF). A two-dimensional plane was established across all the heavy atoms in a
molecule in a given conformation. The averaged distances of each heavy atom away from this
plane provides a quantitative measure of three dimensionality. For a given molecule, a

conformation was computationally generated, using a literature standard method and software
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CORINA.!'"? A single conformer of each molecule is used as a reference conformer, which is
common in other shape analysis methods such as PMI analysis, although the method is
amenable to the analysis of multiple conformers of a single molecule as required. The reference
conformation is calculated computationally excluding salts and omitting hydrogen atoms, the
PBF is then calculated using the “least squares” method from the generated conformers co-

ordinates as shown in Equation 1.5.!!!

Equation 1.5. An equation used for the calculation of the plane of best fit using the “least squares” method.

A+ B,+ C, =D

The equation of best fit is then used to calculate the distance, A, of each heavy atom in the

molecule from the plane of best fit (Equation 1.6).

Equation 1.6. An equation used to calcuate the distance of each heavy atom from the plane of best fit in a given molecule.

A= |Axl+Byl+CZl+D|

VAZ + B + (2
where Ax + By + Cz =0

The solution of this equation is the average of these distances in angstroms, A. The theoretical
range of the PBF score is between 0 and oo, although most drug-like compounds have a score

of less than 2.1%7

As a means of testing the applicability of the PBF method, several sets of compounds were
analysed and compared to alternative methods of shape analysis. In general, PBF performed
well when compared to molecular globularity and PMI methods, but Fsp? gave significantly
different results. As previously discussed, Fsp® is not an accurate descriptor of shape as the

method cannot detect if the Fsp? centre extends out of the plane. The PBF method is comparable
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to the other methods available and offers a high-throughput methodology for rapid shape
analysis.

1.5.3. Principal Moments of Inertia (PMI)

An additional method of shape and diversity analysis was developed by Sauer and Schwarz.!%
Normalised ratios of principal moments of inertia (PMI) were proposed as a descriptor of
molecular shape. Molecular mechanics were used to computationally derive three principal
moments of inertia from a three-dimensional structure. These PMI values were sorted to give
I, I> and I3 in ascending size order. The values are and then normalised, to give NPRI
(normalised PMI ratio 1) and NPR2, by dividing the lower values, I; and I, by the largest
value, I3, removing the dependence on size of the compounds under investigation (Equation

1.7).

Egquation 1.7. An equation used for the calculation of normalised PMI ratios.

Iy I
NPR1 = -~ and NPR2 = -~

3 3
Normalisation of these values reduces the need for decorrelation procedures when PMI is used
along with additional, size dependant, molecular descriptors such as molecular weight and
topological surface area.!°® Normalised values can be visualised on a two-dimensional, ternary
plot, where the vertices (0,1), (0.5,0.5) and (1,1) represent a perfect rod (acetylene), a disc
(benzene), and a sphere (adamantine). PMI plots allows the three-dimensionality of compounds
to be readily visualised, compounds which are more spherical sit closer to the top right corner,
whereas flatter compounds sit along the rod-disc axis on the left-hand side of the triangular
plot. PMI can generate a value for each molecular conformer, making it a useful method for
the comparison of both small and large sets of compounds.!'? The majority of approved drugs

fall along the rod-disc axis, with relatively few populating the more three dimensional area of
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chemical space, techniques such as fragment based drug discovery and diversity orientated

synthesis can be used to create compound libraries which populate under explored areas of

three dimensional chemical space (Figure 1.9).106 113, 114
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Figure 1.9. The majority of approved drugs fall along the rod-disc axis when visualised on a PMI plot with a relatively
small percentage occupying a more three-dimensional region of chemical space. Techniques such as fragment-based drug
design and diversity orientated synthesis allow for the creation of compound libraries which display a high degree of three-
dimensionality and stereochemical diversity to enable the population of chemical space which is currently under-

explored. 106, 113, 114

1.5.4. Principal Component Analysis (PCA)

Principal Component Analysis (PCA) works to simplify highly dimensional data while
retaining as much information and as many patterns as possible, particularly when there are
significant correlations between some, or all the variables present in the data set.!'> PCA was

initially introduced in 1901, and works by calculating a new, simpler, set of variables based on
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the previously calculated molecular descriptors. New variables, termed principal components
(PCs), explain much of the variance in the original set in a significantly simplified manner.!!
PCA is commonly used to identify patterns in data with a high degree of dimensionality,
making it a useful method for the assessment of chemical diversity. When used in the context
of diversity orientated synthesis, PCA can be used to visualise the similarities and differences
within compound collections, making it a useful tool for library design. Structural and
physiochemical properties such as molecular weight, stereocentres, hydrophobicity and
aqueous solubility are commonly included in such calculations allowing for an accurate

comparison of diversity to be made.!!> 117

1.6. Privileged Structures in Drug Discovery

The term “privileged scaffold” was first introduced by Evans et al.,!'® to describe molecular
frameworks which could act as ligands towards a diverse series of receptors, however, the term
has been used liberally over the past three decades. The ability to bind to multiple targets is no
longer a definition strictly applied by the community, instead a privileged scaffolds is now
considered as a biologically important pre-validated platforms for the design of compound
libraries in the search for new drug candidates, by providing three-dimensional vectors which
can be readily manipulated to enable for diversification.!! Such scaffolds should be accessible
through established and robust methodologies. Although there are no specific set of
characteristics that a compound must possess in order to be defined as privileged, generally,
they are found to contain two or more ring systems which are fused or connected by a single
bond.'?% 12! Welsch and co-workers have stated that the key to successful construction of a
privileged scaffold library is the development of a broad scope of reactions combined with

intelligent library design and selection such that the final compounds possess molecular
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properties which are suitably drug-like, examples of privileged scaffolds can be seen in Figure

1.10.'"°
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Figure 1.10 . Privileged scaffolds are commonly derived from natural products and are thought to be pre-validated

platforms for the creation of compound libraries which provide multiple vectors on which diversification can occur.'”®

Heterocyclic rings are commonly observed in natural products and often have a low molecular
weight, are non-planar and are conformationally robust, making them ideally suited to feature
in newly designed privileged scaffolds. Heterocycles are commonly incorporated during early-
stage drug discovery to create novel privileged scaffolds with favourable properties in terms of
bioavailability.'?? This has been demonstrated by Njardarson and co-workers who reported
over 80% of the top grossing pharmaceutical compounds of 2010 contained one or more

heterocycles in their chemical structure.!?
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1.7. Diversity Oriented Synthesis

It has been widely accepted that the synthesis of all theoretically stable carbon-based molecules
is not realistically feasible,'?* 25 therefore the ability to synthesise a molecular library which
can achieve a wide coverage of chemical space is an important consideration during early-stage
library design.'?* Diversity-oriented synthesis (DOS) was first introduced by Schreiber ef al.
and aims to explore chemical space through the preparation of large libraries of skeletally
diverse compounds for use in HTS, with the hope of identifying hits towards biological
targets.!?6 The DOS approach aims to create a collection of structurally diverse, complex
molecules with a wide variety of favourable physiochemical and biological properties in an
efficient manner.'?” While there are some notable advantages to this library synthesis approach
in terms of its exploration of chemical space to enable its use as a tool for the development of
novel biologically active compounds,'?® 12 the approach has also been criticised due to its lack
of consideration in terms of molecular properties when constructing a compound library.!?8
The DOS approach uses a branching pathway and aims to cover a wider, more diverse area of
chemical space than can be achieved via traditional combinatorial library synthesis (Figure

1.11).1%
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Figure 1.11. Combinatorial library synthesis results in a complex library in which the compounds occupy as smaller, more
defined area of chemical space. Alternatively, diversity-orientated synthesis results in a library with greater three-
dimensionality and structural diversity owing to the creation and diversification from multiple scaffolds resulting in a

compound library which populates a wide area of chemical space. This figure has been adapted from Galloway et al.'*

Two methods for the introduction of skeletal diversity are commonly used within the DOS
methodology. The first is a reagent-based approach whereby a common substrate with the
potential diversification is exposed to a variety of reaction conditions and co-substrates to
access products with a varied stereochemical and skeletal diversity (Figure 1.12).!2% 3% The
alternative approach, a substrate-based pathway, gives rise to diverse molecular skeletons
through the reaction of substrates which possess different appendages, termed c-elements,

which pre-inform skeletal information, in a combinatorial fashion.!3!: 132
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Figure 1.12. Two methods are used for the introduction of skeletal diversity in DOS libraries. The reagent-based approach
uses a common substrate with diversification potential which is exposed to a series of co-substrates and reaction conditions

to create several diverse scaffolds. Conversely, a substrate-based approaches requires the reaction of substrates which are

decorated with various appendages which inform the final scaffold moiety.!3 13!

A three-step DOS strategy termed build/couple/pair (B/C/P) was described by Nielsen and
Schrieber,'* in which a collection of stereochemically-controlled, diverse compounds were
prepared using chiral building blocks which possessed orthogonal points of diversity for
subsequent coupling reactions. The Build phase involves the asymmetric synthesis of these
chiral building blocks which when coupled provide a large degree of stereochemical diversity.
The subsequent Couple phase, refers to the intermolecular coupling of these prepared building
blocks, with the aim of having complete control of all possible stereochemical outcomes. The
final stage, Pair, refers to functional group pairing reactions to provide an increased amount of

skeletal diversity. A general example of the B/C/P approach can be seen in Figure 1.13.
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Figure 1.13. The Build/Couple/Pair approach is a commonly used approach to introduce diversity into DOS libraries. The
Build phase involves the synthesis of chiral building blocks, each containing a coupling functional group and a pairing
Sfunctional group. The Couple phase represents the coupling of the previously synthesised and aims to completely control the
stereochemical outcomes. The Pair phase refers to the final pairing of functional groups to create scaffolds with increased

skeletal diversity. This figure has been adapted from Nielsen et al.'>

Since it’s conception, DOS has had a significant impact on the scientific community, as it has
addressed the deficiencies previously observed withing compound collections and has allowed
for sets of compounds, which display both stereochemical and skeletal diversity, to be
synthesised in an efficient manner. Compounds which are created via a DOS methodology are
typically employed in high-throughput and phenotypic screens, allowing for the identification

of lead compounds towards targets of which very little was previously known
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1.8. Aims and Objectives

The aim of this project is to populate unexplored and underutilised areas of chemical space
through the design and synthesis of novel compound libraries with a high degree of three
dimensionality.
To achieve this overarching goal, a series of aims were set out:
i.  Develop a robust method towards the synthesis of bicyclic, heterocycle-containing
scaffolds
ii.  Carry out in silico scaffold decoration using open-source computational software
iii.  Generate a virtual compound collection with favourable molecular properties for
drug discovery and with a high degree of structural diversity
iv.  Synthesise a selection of diverse compounds to create a reference library for use in
biological studies
Firstly, using a methodology previously developed within the JSF group a series of azetidines
will be synthesised and the synthetic scope of these molecules explored and expanded to allow
for the creation of novel azetidine compounds. Newly synthesised azetidines will be employed
as building blocks during the development of a robust and scalable methodology towards novel,

bicyclic scaffold moieties which possess multiple points of diversification.

Following the generation of novel, synthetically enabled scaffolds, in silico screenings will be
carried out to create a virtual compound collection spanning unpopulated areas of chemical
space. Using a series of virtual screening techniques, this virtual compound collection will be
filtered and refined to establish a diverse compound library with a high degree of structural

diversity (Figure 1.14).
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Figure 1.14. A general project overview whereby simple building blocks are used for the generation of structurally diverse,
three-dimensional scaffolds. In silico scaffold decoration and library ennumeration will be conducted to inform the selection

of compound libraries which will subsequently be synthesised.
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This refined set of compounds will then be synthesised using parallel synthetic methods to
create a diverse set of library compounds containing the novel bicyclic core. This final set of
compounds will display a large degree of structural diversity in order to occupy a large and
varied area within chemical space in order to potentially establish new lead compounds for

drug discovery.

Representative compounds from this library will be selected and submitted for biological

testing against a number of disease models and will be evaluated based on their efficacy in

these models to identify active compounds.
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Chapter 2: Towards a Bicyclic Scaffold
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2.1. Synthesis of Azetidines

A major aim of this research was to develop a novel method towards bicyclic, N-heterocycle
containing scaffold moieties which possess multiple points of diversity for the population of
chemical space. In order to achieve this aim, a series of diastereoselective 2,4-cis-amino-
azetidine molecules were to be synthesised for use as building blocks towards the final

scaffolds.

2.1.1. lodine Mediated Cyclisation of Homoallylic Amines

To facilitate the synthesis of the desired azetidine molecules, a series of imines were
synthesised through the reaction of benzylamines and benzaldehydes using a well-established
mechanism. The respective benzylamines (1.1 Eq) and benzaldehydes (1.0 Eq) were refluxed
for one hour in ethanol (0.3 M), the resultant imines were isolated and progressed onto to next

step without the need for further purification.

Numerous methodologies for the allylation of imines have been reported in the literature, lewis
acids such as boron trifluoride, indium, magnesium, palladium, stannane chloride have all been

used to activate imines for the synthesis of homoallylic amines.!3*14" Zinc-mediated

141-143

methodologies have also been widely quoted in the literature, and extensive work has

been done within the JSF group by previous members to establish a reliable route towards

homoallylic amines.**#°

In accordance with the protocol previously established within the group, zinc metal was
activated by stirring in 1.0 M HCI for thirty minutes at room temperature before filtration and

144

washing with water, ethanol, acetone, and dry diethyl ether.'** The required allylzinc bromide

reagent was then prepared by stirring activated zinc powder with allyl bromide under an
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anhydrous atmosphere at room temperature in dry tetrahydrofuran for until all of the zinc metal
(generally between 0.5 — 3 h, depending on reaction scale) had been consumed. Formation of
the allylzinc reagent resulted in an exotherm within the reaction vessel which was easily

controlled using a room temperature water bath.

Upon joining the industrial project partner, Symeres, additional studies were conducted to
further enhance the homoallylic amine synthesis protocol to make it more amenable to
industrial use. It was found that anhydrous conditions were not required for the allyl zinc
bromide reagent to form in situ, in addition to this it was noted that zinc dust preformed equally
well when not pre-activated with a hydrochloric acid wash. Most notably, the work-up
procedure associated with the allylation reaction was modified to maximise yields. The
reaction was quenched with a portion of saturated sodium bicarbonate resulting in the
formation of a dense precipitate, in accordance with the original methodology the resultant
precipitate was removed through gravity or vacuum filtration which was time consuming and
resulted in significant loss of yield. It was found that washing the precipitate with ethyl acetate
and decanting off the solution gave yields of up to 99% in a more time efficient manner, making
the method suitable for use in an industrial setting as required. It was also found that by
decantation of the solvent followed by a wash with water and brine often allowed for the
desired homoallylic amine product to be collected without the need for additional purification.
Using this method, the reaction was found to be readily scalable, with high yielding, multi-
gram (< 12 g) reactions being carried out regularly in high yields. The synthetic route from

starting materials to homoallylic amine is summarised in Scheme 2.1.
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Scheme 2.1. Reaction of benzylaldehyde and benxylamine in ethanol gave rise to an imine in yields of greater than 99%, this
was subsequently converted to the corresponding homoallylic amine through reaction with allyl bromide and zinc

Cyclisation of the homoallylic amine via the iodoiranium intermediate (2a-i) could result in
either the four-membered iodo-azetidine (IA-1) or the corresponding five-membered iodo-
pyrrolidine (IP-1) stereoisomer (Scheme 2.2). According to Baldwin’s Rules, when a three-
membered ring is open for the formation of a new cyclic system, the rules lie between those
for tetrahedral and trigonal systems, with exo ring closure generally being preferred.!*-148 With
this in mind, 4-exo-trig and 4-exo-tet would be considered the more favoured ring closure
process for the cyclisation of homoallylic amine (2a) with iodine to yield the iodo-azetidine

(IA-1).
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Scheme 2.2. Reaction of homoallylic amines with iodine can result in the formation of the corresponding iodo-azetidine or

iodo-pyrrolidine intermediate via an iodoiranium intermediate.

lodo-azetidines were known to be unstable, even at low temperatures (< 4 °C) and were prone
to rapid isomerisation to the corresponding five-membered iodo-pyrrolidine ring system, this
isomerisation was previously proven to occur in accordance with the literature.* 4%-151 A
proposed mechanism for the expansion of the four-membered ring involves an intramolecular
displacement of iodine by the nitrogen atom to give the resultant aziridinium intermediate
structure. This unstable intermediate compound then underwent attack with the eliminated
iodide, attack on the least hindered carbon atom would reform the cis-azetidine, making it a
reversible reaction. However, attack by the iodide at the more hindered position would be an
irreversible process and would result in the formation of the more thermodynamically
favourable cis-pyrrolidine, relieving some of the torsional ring strain and creating a more stable

ring system (Scheme 2.3). While this research was initially focussed on the application of the

azetidine ring system, pyrrolidines were also utilised to further the aims of the project.
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Scheme 2.3. lodo-azetidine intermediate compounds are prone to rearrangement through iodine displacement, subsequent
attack at the least hindered carbon results in the reformation of the iodo-azetidine (green pathway). Alternatively, attack by
the iodide at the more hindered carbon results in the irreversible formation of the corresponding iodo-pyrrolidine

intermediate compound (red pathway).

Previous work within the group suggested that only homoallylic amines where R = aryl or
benzylic rings, on the nitrogen, could be converted to the corresponding azetidine under iodine-
mediated cyclisation conditions. When considering this pre-established knowledge and the

overarching aims of this work, the initial azetidine compounds were proposed, synthesised
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from simple aryl amines and benzaldehydes, and designed to be suitable for use in
intramolecular cross-coupling at a later stage, the earliest proposed scaffold moieties can be
seen in Scheme 2.4. The application of these azetidine molecules in C-N Buchwald-Hartwig
amination is discussed in (Section 2.2.1.). Homoallylic amine (2a) was stirred as a solution in
acetonitrile with an excess of molecular iodine and sodium hydrogen carbonate at ambient
room temperature to ensure the formation of the desired iodo-azetidine intermediate
compound. Following several unsuccessful attempts at cyclising the homoallylic amine to the
desired azetidine ring, it was decided to investigate the effects of electron-donating and
electron-withdrawing substituents had on cyclisation.!>?1> With this in mind, a series of
homoallylic amines were synthesised with additional substitution present on the aryl rings.
Trifluoromethyl groups and nitro groups were incorporated to investigate the effect of electron
withdrawal on ring closure, while methoxy groups were used to donate electron density into
the ring to monitor its effect. The newly synthesised homoallylic amines were treated as before,
by stirring as a solution in acetonitrile with molecular iodide and sodium hydrogen carbonate

at room temperature.
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Scheme 2.4. A halide, generally bromine, was incorporated into the amino-azetidine building blocks using an appropriate
benzaldehyde or benzylamine, the resulting compounds were cyclised to the corresponding iodo-azetidines and amine

nucleophiles were used to create amino-azetidines which were theoretically capable of intramolecular C-N cross coupling

Inclusion of the electron donating group in the homoallylic amine appeared to have no effect
on the cyclisation to the azetidine ring. Conversely, the azetidine ring was formed with a
conversion of > 96% when electron withdrawing groups are present on the homoallylic amine
compounds (Table 2.1). It was proposed that inclusion of electron withdrawing groups on the
aryl ring of the homoallylic amine decreases the nucleophilicity of the nitrogen lone pair which
allows the double bond of the allyl group to attack the iodine. Following the formation of the
iodoaziridium intermediate, the nitrogen lone pair can then attack the three-membered ring to

form the desired four-membered ring.
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Table 2.3. Aromatic ring substitution screening, a series of homoallylic amines were synthesised and were reacted with
molecular iodine under basic conditons at ambient room temperature to study the effect of electron-withdrawing and

electron-donating groups on cyclisation to the corresponding iodo-azetidine intermediate compound.

1, (3.0 Eq)
NaCHO; (5.0 Eq)
T N T g CHON
S _ RT, 16 h
Rl
2b - 2g) (2b-i - 2g-i)
R! R’ % Conversion
2b-i 0-Br m-CF3, m-CF3 98
2c-i m-CF3, m-CF3 0-Br 97
2d-i p-NO2 0-Br 96
2e-i 0-NO» 0-Br 97
2a-i H 0-Br 0
2f-i 0-Br H 0
14-7 H m-OCHj3, p-OCHj3 0
14-8 0-Br m-OCHs, p-OCHs 0
2g-i o-Br 0-OCH3, p-OCH3 0

lodo-azetidine intermediates were formed with an assumed cis relative stereochemistry which
can be explained by examining the transition states for both the cis and trans products. The cis
stereochemistry of the product was confirmed using 2D NMR techniques following the
transformation of the iodo-azetidine intermediate to the corresponding amino-azetidine, which
is discussed in Section 2.2.2. Banide and co-workers published an electrophile-induced

cyclisation of homoallylic amino vinylsilanes towards enantiopure azetidines, in which NBS
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is employed as the electrophile.!*® It was proposed that the cyclisation of homoallylic amines
would proceed via a similar transition state. As seen in Scheme 2.5, attack of iodine on the
alkene double bond gives rise to two possible diastereomeric iodoiranium intermediate species.
In order for cyclisation to occur the lone pair of the nitrogen atom must attack the iodoiranium
cation to create the desired four-membered ring via two possible transition states. The cis-
azetidine is possible when the butterfly-shaped transition state proceeds with protons on both
the 1- and 3-position occurring in a pseudo-axial position relative to each other, meaning the
iodoiranium ion and phenyl groups lie pseudo-equatorially. This transition state is thought to
be the most favoured as the alternative, disfavoured transition state would result in an increased

1,3-diaxial interaction within the molecule.
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Scheme 2.5. Reaction of homoallylic amine with moelcular iodine gives rise to two possible iodoiranium species, in order to
form the desired azetidine ring, the iodoiranium must undergo nucleophilic attack by the nitrogen lone pair which can occur
through two possible transition states. The cis-azetidine is_ formed when the butterfly-shaped transition state proceeds with
protons on both the 1- and 3-position occurring in a pseudo-axial position relative to each other, meaning the iodoiranium
ion and phenyl groups lie pseudo-equatorially. The alternative transition state would result in an increased 1,3-diaxial

interaction within the molecule is disfavoured and the resulting trans-azetidine is not observed. '

2.2.2.  Synthesis of Amino Azetidines

Due to the thermal instability associated with the newly formed cis-iodo-azetidine ring,
following the analysis of the crude 'H NMR showing that only the desired product was
observed with full conversion of starting material, was readily converted to the corresponding

amino-azetidine without further purification. The iodo-azetidine (2¢-i) was stirred in neat

59



isopropyl amine at ambient room temperature for 48 hours giving the amino-azetidine (3a) as
the only observed product. Following purification by flash chromatography, the structure and
conformation of the azetidine ring was confirmed using 2-D NMR spectroscopy, a HMBC
(Heteronuclear Multiple Bond Correlation) experiment showed a through bond 3J; coupling
between the carbon 1 atom and the proton of carbon 2, which was proven to be CH rather than
a CHusing 1-D *C Attached Proton Test (APT) experiments. The relative stereochemistry of
the ring system was confirmed using 2-D NOESY (Nuclear Overhauser Effect spectroscopy)
experiments to identify a through-space interaction between H2, H*® and H*, showing these to

all sit on the same side of the ring indicating a cis conformation (Figure 2.1).
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Figure 2.1. The structure of the cis-azetidine (AA-1) was confirmed using 2-D NMR spectroscopy, NOE interaction between

I, IPY and H confirmed the cis-stereochemistry of the ring.

2.2.  Synthesis of a Bicyclic Scaffold

2.2.1. Palladium Chemistry

The overarching goal of this research was to further expand the scope of the azetidine chemistry
which had previously been established by members of the JSF group, and to use these four-
membered rings to create azetidine-containing bicyclic scaffold cores with pharmacologically
favourable properties to explore new areas of chemical space. In order to achieve this aim,
Buchwald-Hartwig C-N amination was proposed as a potential methodology to access the
desired scaffold moieties due to its versatility and well explored scope in terms of aryl and

amine coupling partners.!>7-160
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Figure 2.2. Intramolecular Buchwald-Hartwig C-N amination was proposed as a method to create bridged and fused

azetidine-containing three-dimensional scaffolds.

As discussed in (Section 2.1.1.), previous work carried out within the group proposed that the
presence of aryl or phenyl rings were required for cyclisation of the homoallylic amine to the
azetidine ring to occur, in addition to this, it was found that the presence of electron
withdrawing groups on these rings are also necessary for successful ring closure. Owing to
these requirements, the earliest proposed scaffolds (Figure 2.2) were designed with this in
mind, while also including a halide in the 2-position of on an aryl ring in order to facilitate
Buchwald-Hartwig C-N amination reactions to create novel bicyclic scaffolds, examples of the

homoallylic amine precursors (2a — 2e) can be seen in Figure 2.3. Following the synthesis of
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the desired iodo-azetidine intermediates, the iodine was displaced with simple alkyl amines,

such as isopropyl amine and propyl amine, to allow for cross-coupling to occur.

| ~N N | N Ban/\/
1 n2 >
Rl/ = Z THF | N E | \_ R2
RT, 3h , _
Rl
Br Br
N CF, F;C N
H H
CF; CF;
(2b) (20
85% 83%
/@/ﬁ Br Br
N
N /\©
O,N
2d) (2¢)
58% 14%

Figure 2.3. Examples of homoallylic amines used for the synthesis of amino-azetidines for the creation of novel multicyclic

scaffolds.

In order to investigate potential reaction conditions for scaffold synthesis, a methodology
developed by Buchwald and co-workers was used for initial test reactions.!®! This approach
proceeded via a water-mediated catalyst pre-activation step using biaryldialkylphoshine
ligands. This method allowed for lower catalyst loading and did not require harsh additives
such as triethylborane, in addition to this, the water-mediated activation step of the catalyst
negated the requirement for dry solvent making the method more amenable to large scale

parallel library synthesis. The air-stable crystalline XPhos ligand was chosen due to excellent
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catalytic reactivity in C-N amination reactions and has been shown to be particularly successful

in the coupling of secondary amines.!6% 163

XPhos (15 mol%)
Pd(OAc), (5 mol%)
NaOBu (1.4 Eq)

Br H,N H,0 (0.02 Eq) X
+
O R ey
80-110 °C
15h AM-1

74%

Scheme 2.6. A small-scale test reaction conducted to probe conditions for Buchwald-Hartwig C-N cross coupling reactions,
using a method proposed by Buchwald and co-workers, a simple aryl halide and aryl amine were coupled giving the

biarylamine product with a yield of 74%."%

A series of small-scale test reactions were conducted with a simple aryl halide and aryl amine
yielding the coupled product (AM-1) with a yield of 74% (Scheme 2.6). Following the
successful coupling of the simple analogues, the reaction was trialled under the same conditions
with azetidine (3b), on a small scale (10 mg), with 15 mol% of XPhos ligand along with 5
mol% catalyst loading. It was hypothesised that the reaction would follow the proposed
catalytic cycle as seen in Scheme 2.7, resulting in the desired bicyclic scaffold moiety. Both
the catalyst and the phosphine ligand were milled and added to a vial with tertbutyl alcohol as
a solvent, the solution was degassed with argon and heated to 80 °C for three minutes to activate
the catalyst. In a second vial, the azetidine (3b) was added as a solution in tertbutyl alcohol
with potassium carbonate. The contents of both vials were combined under an argon
atmosphere and the reaction mixture was heated to 110 °C overnight. After sixteen hours the
reaction was cooled to room temperature and a colour change was noted, the reaction mixture

had darkened to a deep green-brown colour overnight. TLC analysis confirmed that all the
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azetidine starting material had been consumed by the reaction and a new spot was visible on
the analysis plate. Despite the identification of a newly formed spot on TLC the product was
not successfully collected through flash chromatography. The reaction was repeated at a
slightly larger scale (30 mg), with the catalyst loading at 20 mol% and the ligand loading
adjusted to 60 mol% accordingly. It was hoped that this would allow the reaction to go to
completion . Following the same procedure as described previously, the palladium catalyst was
preactivated before addition to the reaction mixture containing azetidine (3b), the reaction was
stirred for fourteen hours at 110 °C. Partial consumption of starting material was confirmed
with TLC analysis. The crude reaction mixture was purified using flash chromatography, but

the desired product was not obtained.
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Scheme 2.7. A small-scale intramolecular C-N amination test reaction was conducted using a protocol described by
Buchwald and co-workers." It was proposed that the reaction would follow a catalytic cycle whereby the amino-azetidine
compound undergoes oxidative addition causing the activated palladium ligand to co-ordinate to the bromide substitutent of
the aryl ring. A subsequent transmetallation step with base allows for displacement of the bromine which is removed as
NaBr. Intramolecular co-ordination of the amine with the palladium catalyst results in a highly strained intermediate
strucuture. A final reductive elimination step causes the displacement and regeneration of the palladium catalyst to form the

desired bicyclic structure.
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After failing to isolate the coupled product it was hypothesised that the new spot formed on
TLC was a palladium-azetidine complex which formed following the substrate coordination
and deprotonation step of the catalytic cycle. Due to the ring strain attributed with the final
bicyclic scaffold it was proposed that an intermediate complex was successfully forming but

that the final product was too strained to access via this method.

In order to reduce strain on the ring and add an additional degree of flexibility into the final
system it was decided to length the chain on the 4-position of the azetidine ring. By adding an
additional carbon to the chain and by preforming a Buchwald-Hartwig C-N amination, a 4,8-
ring system (SC-3) would be created. Using a method previously described by Peters ef al.,'®*
copper iodide was used to catalyse the introduction of the nitrile group onto the azetidine
molecule, which resulted in crude yields of up to 92% of the nitrile containing intermediate
(AA-CN1). With the aim of accessing the free amine, (AA-CN1) was dissolved a 1:1 mixture
of methanol and methanolic ammonia and was placed under an inert atmosphere, Raney nickel
was added to the reaction mixture and the reaction was pressurised to 5 Bar using hydrogen
gas. The reaction mixture was stirred vigorously over twenty hours at room temperature. Upon
analysing the reaction mixture, it was noted that while the nitrile group had been hydrogenated
to the corresponding free amine as desired the reaction had also resulted in the reduction of the
4-nitro group of the aryl ring and debromination of the phenyl ring (Scheme 2.8). Conditions

were deemed too harsh to selectively reduce the nitrile group to access the desired product

(AA-3b).
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Scheme 2.8. lodine was displaced from iodo-azetidine (2d-i) uisng sodium cyanide to introduct a nitrile group into the
molecule. Raney Ni was used reduce the triple bond of the nitrile group to access the free amine (AA-3b), the reduction
method was non-selective and resulted in reduction of the 4-NO: group as well as total debromination of the molecule (AA-

3a).

Following the debromination of the phenyl ring and reduction of the nitro group giving rise to
(AA-3a), it was decided that Buchwald-Hartwig C-N amination was not the best approach
towards the synthesis of the desired bicyclic scaffold moieties. This method required the
reacting secondary amine to be incorporated into the azetidine ring prior to ring closure, at the
iodine-replacement step, meaning that the scope for decoration at this point was relatively
limited as it was theorised that the presence of bulky amines would prevent the catalytic cycle
from going to completion thus preventing the formation of the second ring, thus making this

an unsuitable route for the synthesis of a structurally diverse compound library.
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2.2.2. Ring Closing Metathesis

Due to the issued faced with cross coupling reactions, alternative methods of ring closure were
investigated. Ring closing metathesis (RCM) has been widely reported in the literature as a

means of creating multicyclic compounds.!6>-168

It was hypothesised that if an additional
terminal alkene could be successfully introduced into the homoallylic amine starting material
(AA-R2) then ring closing metathesis could be used to generate the desired bicyclic ring
structure (SC-4) while simultaneously introducing an additional point of diversity as well as a

free secondary amine into the final scaffold allowing for a wider range of diversification to

occur (Scheme 2.9).

Points of Diversity

(AA-R2) (SC-4)

Scheme 2.9. Ring closing metathesis was proposed as a method which could be employed for the creation of novel bicyclic

scaffolds with multiple points of diversity.

To synthesise a bicyclic scaffold via this synthetic route, a homoallylic amine was synthesised
through reaction of an N-allyl containing imine with allylzinc bromide using the methods as
described previously in (Section 2.1.1.). Reaction was monitored by LCMS and proceeded
well with the mono-allylated (HA-10) compound being the major reaction product in a ratio of

approximately 3:1 with the bis-allylated amine (HA-11) (Scheme 2.10).
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Scheme 2.10. Reaction of a N-allyl containing-imine with allylzinc bromide resulted in the formation of both the mono- and

the bis-allylated homoallylic amine products.

Although both the mono- and bis-allylated homoallylic amines were observed using LCMS
analysis of the crude reaction mixture, both products appeared to be unstable and proved
challenging to isolate upon quenching the reaction. It was also theorised that while RCM has
the potential to yield scaffolds with multiple points for orthogonal diversification to occur, it
may not be possible to form the four-membered azetidine ring in the presence of two terminal
alkenes, due to the potentially favoured formation of a three-membered iodo-aziridine
intermediate upon reaction with molecular iodine and base (Scheme 2.11). With this in mind,

it was decided to investigate alternative routes towards bicyclic scaffolds.
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Scheme 2.11. RCM was proposed as a methodology towards novel bicyclic scaffolds, however reaction of the mono-
allylated product with molecular iodine could theoretically result in two possible iodoiranium ions. Subsequent nucleophilic
attack of the nitrogen lone pair on the iodoiranium ion results in the formation of an iodo-aziridine and iodo-azetidine

respectively. It was theorised that the formation of the iodo-aziridine may be favoured over the four-membered alternative.

2.2.3. Reductive Amination

Reductive amination reactions have long since been used as a reliable method for the formation
of C-N bonds due to robustness and scalability in a pharmaceutical setting.'®-172 It was
theorised that reductive aminations could be used for the formation of 4,6-fused scaffolds (4a

and 4b) (Scheme 2.12).
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Scheme 2.12. Reductive aminations are commonly employed for the synthesis of scaffold moieties in a pharmaceutical
setting. It was proposed that reductive amination reactions could be used to create novel 4-6-fused scaffolds for use in drug

discovery.

Further work was done to expand the scope the azetidine ring using dimethoxyethylamine in
place of a decorated benzylamine during precursor synthesis, this dimethyl acetal group could
act as a protecting group for a C=0 carbonyl bond necessary for reductive amination to occur.
Following the successful incorporation of the amine and cyclisation to the azetidine ring

methodologies for the deprotection of the carbonyl group were investigated (Scheme 2.13).

L, (3.0 Eq)
NaHCO; (5.0 Eq)

O,N ~

(2h) (2h-i) (AA-4)

Scheme 2.13. A homoallylic amine (2h) was synthesised with an incorporated diemthyl acetal aldehyde protecting group,
(2h) was cyclised using molecular iodine under basic conditions and subsequently underwent nucleophic attack with N-

isopropyl amines to access the corresponding amino-azetidine (AA-4) in a yield of 48%.

For reductive amination to be possible it was imperative that the dimethyl acetal protecting
group be removed cleanly and efficiently. Initially a method originally described by Williams

et al. was evaluated as a means of protecting group removal,'”? the amino-azetidine (AA-4)
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was dissolved in a 2:1 solution of water and THF and heated to 80 °C over two hours without
the presence of an additional additive or catalyst. Interesting this method resulted in complete
degradation of the azetidine ring despite its’ relatively mild conditions. Acid-catalysed trans-
acetalisation is a common method for the removal of dimethyl acetals, owing to this a catalytic
amount of p-toluenesulfonic acid (TsOH) as reported by Smith ef al.,'™ was stirred at room
temperature in an excess of acetone over 48 hours, interesting this method has no effect on the
starting material leaving both the dimethyl acetal protecting group and the azetidine ring, which

was feared to be acid-labile, intact.

Acetic acid (AcOH) was used as an alternative to TsOH, the protected azetidine (AA-4) was
stirred with an eight-fold excess of AcOH in dichloromethane and heated to reflux as described
by Kita and co-workers.!”> No conversion to the deprotected product was observed using
LCMS analysis after two hours, in order to promote deprotection and formation of the cyclised
iminium ion an excess of water was added to the reaction mixture in a single portion. The

reaction mixture was stirred overnight but protecting group cleavage was not observed

(Scheme 2.14).

74



i. AcOH (8.0 Eq) @
ii. H,0 (23.0 Eq) N

- N

DCM
65 °C, 24h
O,N
(4x-i)
N J\ i
N Rl
- ------ - - - - 4

O,N

(4x)

Scheme 2.14. Deprotection of the acid-labile dimethyl acetal group with excess acetic acid failed to access the aldehyde

group which would allow for cyclisation to the intermediate 4,6-fused intermediate compound.

Boron trifluoride etherate (BF3.Et,O), an oxophilic lewis acid, was employed as a metal-free
catalyst for reductive amination with a wide range of both primary and secondary amines and
diversely substituted aldehydes to access secondary and tertiary amines with a wide functional
group tolerance.!”® The protected azetidine (AA-5) was stirred as a solution in methanol at
room temperature with a three-fold excess of BF3.Et;O and a two-fold excess of the mild
reducing agent sodium triacetoxyborohyride (STAB). It was proposed that the dimethyl acetal
protecting group could be cleaved through a series of proton transfer steps, using the solvent
as a proton source, the newly uncovered aldehyde group could then coordinate to boron
trifluoride oxygen of the carbonyl group, encouraging intramolecular nucleophilic attack of the
secondary amine leading to the formation of an iminium ion which could then be reduced with
STAB to the cyclised scaffold (Scheme 2.15.). After two hours, the starting material had been

fully consumed with a new mass recorded which possibly corresponded to [M + 2Na-H] ion
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of the desired product, suggesting that the reaction has been successful. However, the major
isolated product of flash column chromatography had a mass of 263.1 and was unable to be
identified with certainty. NMR analysis of the major product showed peaks relating to the
azetidine starting material along with some new peaks which could be attributed to the newly
formed six-membered ring of the bicyclic compound (4y), this suggested that ring closure was

possible, but an unknown transformation had occurred during purification.

/\/ /\/
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N N N
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Scheme 2.15. Protected azetidine (AA-5) was stirred as a solution in methanol at room temperature with a three-fold excess
of BF3.Et:0 and a two-fold excess of sodium triacetoxyborohyride to access the corresponding aldehyde (AA-4a) through a
series of proton transfer steps. It was theorised that aldehyde group could co-ordinate with the BF3 to encourage
intramolecular nucleophilic attack of the amine to form the 4,6-fused intermediate ion which would be subsequently reduced

to yield the desired final compound.

Although the reductive amination approach yielded some interesting results, the final scaffolds
faced some of the same limitations seen before, namely decoration of the azetidine occurred
prior to cyclisation to the bicyclic system resulting in compounds with a limited potential for

diversification. However, it was decided to investigate methods towards the proposed 4,6-fused
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system via an alternative approach, with hope of accessing the same fused system with a free

amine on the six-membered ring to allowed for a varied diversification strategy.

2.2.4. Fukuyama Mitsunobu Chemistry

Fukuyama and co-workers have previously shown a versatile and robust method for amine
synthesis via a Mitsunobu reaction with nitrobenzenesulfonamides simultaneously acting as
both a protecting and activating group on the molecule (Scheme 2.16).!77 178 In 2005, the
Fukuyama-Mitsunobu reaction was utilised for the intramolecular synthesis of novel N-

heterocycle containing scaffolds in moderate yields.!”

) /\
H o Ne-N: 2 LoH
Ns— , 3 0
o~ N— N
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Scheme 2.16. The Fukuyama-Mitsunobu reaction was used to synthesise a novel scaffold. Saponification of D-tryptophan
(90) with an alcohol containing amine (91) resulted in the formation of an amide (92) which underwent an intramolecular
Fukuyama-Mitsunobu reaction to access the cyclised secondary amine (93) following the base-mediated removal of the Ns

protecting group.

It was hypothesised that if the scope of the azetidine ring could be expanded to include an
aliphatic alcohol then it may be possible to form the desired bicyclic scaffold using this method.
Following the successful incorporation of an aliphatic alcohol in place of a benzylic ring into
homoallylic amine (2i), cyclisation to the four-membered iodo-azetidine intermediate (2i-i)

using the methodology detailed in (Section 2.1.1.) in good to excellent yields.
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Scheme 2.17. Alcohol-containing homoallylic amine (HA-13) was cyclised using molecular iodine under basic conditions to

yield the corresponding iodo-azetidine intermediate (IA-13). Subsequent nucleophilic attack with nitrobenzene sulfonamide

results in iodine displacement to access the amino-azetidine (AA-6) as the final product ahead of Fukuyama-Mitsunobu

cyclisation.

The iodo-azetidine intermediate (2i-i) was reacted with nitrobenzene sulfonamide and

tripotassium phosphate (K3POs) to form amino-azetidine (AA-6), introducing a protected -NH

group into the molecule in one step (Scheme 2.17). Although the sulfonamide was successfully

introduced into the molecule, the conditions required were notably harsh, requiring a

temperature of 120 °C and the reaction was consistently low yielding (17-28%).
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DIAD (1.0 Eq)
PPh; (1.2 Eq)

N O=PPh,
F,C
FyC I THF 3
OH 0°C-RT,1h
- CF,
3
(AA-6) (4d)
NO,
o) 0
A\
HN= DIAD (1.0 Eq) S;
S‘b NO,  ppPh, (12Eq) N O
F3C FiC ' J + O=PPhy
N THF N
H 0°C-RT, 1h
F,C
FsC 3
3 OH
(AP-1) (5b)

Scheme 2.18. Fukuyama-Mitsunobu conditions were used to access the Ns protected 4,6-fused scaffold (4d), purification
and isolation of the final product revealed that an additional scaffold, the 5,6-bridged system (5b), was also formed. It was
theorised that interconversion from the iodo-azetidine intermediate to the corresponding iodo-pyrrolidine intermediate had

occurred earlier in the reaction pathway.

A solution of the amino azetidine (AA-6) and triphenylphosphine was prepared in THF and
cooled to 0 °C (Scheme 2.18.). To the reaction mixture, a 0.1 M solution of diisopropyl
azodicarboxylate (DIAD) in THF was added slowly over 10 minutes. Following the addition
of the DIAD solution, the reaction mixture was warmed to room temperature and stirred for a
further 50 minutes. Subsequent work-up and purification yielded two products, both the 4,6-
fused (4d) and the unexpected 5,6-bridged (5b) diazabicyclic ring systems. Isolation of the 5,6-
bridged system suggested that some interconversion to the corresponding iodo-pyrrolidine
stereoisomer had occurred, likely during the sulfonamide incorporation step, due to the high
reaction temperature promoting conversion the five-membered ring. Isolation of both the fused

and bridged ring systems proved that the synthesis of bicyclic ring systems was possible using
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mild methods. As can been seen in Figure 2.4, NMR analysis of the isolated 4,6-fused system
showed an NOE interaction between Ho, Hj, and Hg of the azetidine ring, proving that the cis
stereochemistry of the azetidine ring was maintained. This correlation can also be visualised in

the accompanying NOESY spectra
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Figure 2.4. 2-D NMR spectroscopy confirmed the stereochemistry of the 4,6-fused scaffold, NOE interaction between Ho,

Hj, and Hg of the azetidine ring, proving that the cis stereochemistry of the 2,4-azetidine ring was maintained.

Despite the initial success of the Mitsunobu pathway in terms of compound synthesis and

overall proof of concept, the triphenylphosphine oxide reaction by-product co-eluted with the
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cyclised product (4d and Sb) using normal phase chromatography. Pure product was
successfully isolated with a preparative column using 30-65% acetonitrile/water as an eluent
system. However, isolated yields were poor, less than 20%, due to some co-elution and
adherence to the column. To increase the isolated yields, methods of removing
triphenylphosphine oxide (TPPO) from the reaction mixture before column chromatography
were investigated. A methodology for the removal of TPPO using zinc chloride (ZnCl) in
polar solvents was reported in 2017 by Weix et al.,'3? following the completion of the reaction
volatile components were removed in vacuo and the resultant oil was redissolved in ethanol. A
1.8 M solution of ZnCl; was prepared in warm ethanol, using two equivalents of ZnCl. for each
equivalent of PPhs used in the Staudinger reduction. The ethanolic solution of ZnCl, was added
to the reaction mixture and stirred at room temperature overnight to allow for precipitation of
a TPPO-Zn complex, the resultant complex was then collected using vacuum filtration, and
washed with water, ethanol, and ether. Analysis of the filtrate showed that up to 70% of the
TPPO was removed from the mixture. TPPO was also precipitated out of solution using cold

hexanes and diethyl ether,!8!- 182

solid TPPO was removed from the reaction mixture using
vacuum filtration and was washed with water, ethanol, and ether. Analysis of the filtrate
showed that between 40-50% of TPPO had been removed from the reaction mixture. While
both removal of TPPO has been shown to be possible using both precipitation and
complexation methods, the percentage of by-product remaining in the reaction mixture was

still relatively high (30-60%) and would require the step to be repeated, making the reaction

pathway quite inefficient.

2.2.5. Appel-type Chemistry

As a result of the low isolated yields from the Fukuyama-Mitsunobu cyclisation reaction and

from the preceding sulfonamide introduction, an alternative protocol was investigated. The
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3 is a method of alcohol activation

Appel reaction, first reported by Lee and co-workers,!®
through transformation to an alkyl halide, the reaction is classically preformed using either
carbon tetrachloride or carbon tetrabromide with PPhs.!8% 185 Although traditional Appel
chemistry has become less popular in recent years due to the use of toxic halogenating agents,

the transformation of the alcohol group into a significantly better leaving group formed the

basis of the next approach towards scaffold synthesis

Sodium azide was used as a means of introducing an eventual free amine into the molecule
which could be more easily protected using methanesulfonyl chloride. Sodium azide was
stirred with iodo-azetidine (2i-i) in DMF for 16 hours resulting in full conversion of to the
azido-azetidine (AA-7). Standard Staudinger reduction conditions were used for the
transformation of the azide group to a free amine (AA-8) using triphenylphosphine and water.
A systematic solvent screen was carried to identify the solvent which allowed for both clean
Conversion and simple isolation. As shown in Table 2.2, a series of non-polar, polar aprotic
and polar protic solvents were investigated as reaction solvents. Polar protic solvents,
methanol, and ethanol, both yielded product but triphenylphosphine was poorly soluble,
making it unsuitable for larger scale reactions. Several non-polar solvents, 1,4-dioxane, diethyl
ether and toluene, were also trialled. Product mass was not observed when 1,4-dioxane was
used while both diethyl ether and toluene yielded product the isolated crude yield in both cases
was low to moderate, 36% and 22% respectively. Polar aprotic solvents are most commonly
used in Staudinger reactions,'®® acetone, ethyl acetate, dichloromethane, acetonitrile, N, N-
dimethylformamide and tetrahydrofuran were all screened and the desired product was
observed in all cases. Although the correct mass was observed when acetonitrile and
dichloromethane were used as the reaction solvent, it was not the major component of the

reaction mixture and therefore was not isolated. Ethyl acetate yielded a reaction mixture with
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very few additional impurities; however, the rate of conversion was notably lower than with
other solvent systems. Reactions in N,N-dimethylformamide (DMF) and tetrahydrofuran
(THF) both proceeded well, giving moderate to good yields on a small scale, with few
impurities, due to the difficulties associated with DMF removal THF was ultimately shown to
be the best choice reaction solvent for the Staudinger azide reduction of (AA-7) to the

corresponding amino-azetidine (AA-8).
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Table 2.4. A systematic solvent screen was conducted to select the most optimum solvent for reduction of the azide of (AA-7)

to the corresponding free amine-containing amino-azetidine (AA-8) under classic Staudinger reduction conditions.

N; NH,
PPh, (1.3 Eq)
N H,0 (10.0 Eq) N
F;C 1 FyC 1
Solvent
OH 6 n,RT OH
CF; CF;
(AA-7) (AA-8)
Solvent Solubility  Product Product  Crude Comments
Observed  Isolated Yield
(70)
Initially reaction was a
h lution, PPH
1 Methanol ~ Moderate Yes No N/A OTHOSETos Sou 1on., ’
crashed out over time
Slow conversion to desired
2. Ethanol Moderate Yes No N/A product, P.P s crashfad out of
solution over time
3 .1 A4- Poor No No N/A No product observed
Dioxane
‘4 Diethyl Moderate Yes Yes 36 Low yielding reaction
Ether
Desired product was the
5. Toluene Poor Yes* Yes 22 minority component of the
reaction mixture after 16 h
Desired product was the
6. | Acetonitrile Good No No N/A minority component of the
reaction mixture after 16 h
Eihv Yes Slow conversion to the
7. thy Good No N/A desired product
Acetate
Desired product was the
8 DCM Good Yes No N/A mmo.rlty C(?mponent of the
reaction mixture after 16 h
Slow conversion to desired
9 Acetone Good Yes Yes 44 PO
Reaction proceeded well;
solvent not chosen due to
10| DME Good Yes Yes >8 difficulties with removal
Reaction proceeded well,
11. THF Good Yes Yes 67 chosen as optimal solvent
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The amino-azetidine (AA-8) was isolated as a crude product and protected using 2-
nitrobenzenesulfonyl chloride with triethylamine in DCM resulting in an average yield of 70%.
This methodology was favoured over the original synthetic route utilising the sulfonamide due
to the milder reaction conditions and higher yields. It was hypothesised that the nitro group
would have the same activating effect as in the Fukuyama-Mitsunobu route, making it possible
to close the ring. A methodology previously reported by Lowe and co-workers was employed
to form the 4,6 system over two steps.®* Amino-azetidine (AA-9) was dissolved in DCM at
ambient room temperature and was stirred with methanesulfonyl chloride (MsCl) and

triethylamine for 30 minutes to convert the hydroxyl group to a better leaving group (AA-10)

(Scheme 2.19).
NO
0.0 N2 09
g MsCl (1.1 Eq) S
N NEt; (3.0 Eq) N
H - H
N DCM N
F,C 1 RT, 0.5h F3C 1
0
OH .
CF, >99 % CF, 0= ?: 0
(AA-9) (AA-10)

Scheme 2.19. Amino-azetidine (AA-9) was reacted with methanesulfonyl chloride at room temperature to convert the

hydroxyl group to a better leaving group.

Following a quick work-up, DCM was removed in vacuo and the resultant crude sulfonate
(AA-10) was redissolved in DMF and heated at 65 °C with potassium carbonate for two hours
(Scheme 2.20). The reaction mixture was acidified to pH 2 using 1.0 M hydrochloric acid
solution and washed with DCM which removed the triphenylphosphine oxide by-product,

leaving only the desired product in the aqueous layer which was isolated as a salt by removing
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the liquid under vacuum. The resultant salt was then triturated using ethanol and ethyl acetate
in a 9:1 solution, the isolated solution was then concentrated yielding the desired cyclised

product (4d) as a yellow oil, without need for further purification.

NO
o) 2
0S 0.0 NO,
NA .S
H K,COj; (2.0 Eq) N
N N \)
F;C DMF F;C
65 °C, 2h
¢
CF; 0=S=0 87% CF;
|
(AA-10) (4d)

Scheme 2.20. The resulting amino-azetidine (AA-10) was subsequently reacted with potassium carbonate at elevated
temperatures for two hours giving the protected 4,6-fused scaffold (SC-5-3) with an 87% yield.
Deprotection of the nosylated amines has widely been reported with good yields using
thiophenol with a base.'®” However, thiophenol with both potassium carbonate and caesium
carbonate did not achieve clean deprotection, instead resulting in a 1:3 mixture of the free
amine (4b) and an additional product suspected to be the 9-membered ring opened compound

(4b-Ring Opened) based on LCMS analysis (Scheme 2.21).
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0 NO, 0
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N N'(.Si\/
N\) (RS N \) N02
i) FyC F,C
CF3 CF3
(4d) B -
NH
N \) NO,
F,C + + 0=S=0
CF,
(4b)
Q0 NO, 5 Q0 N9
'S N’
N (
ii) FsC 3
CF; B CF; ]
(4d)
0
N.‘s’/O NO,
N
F,C H
CF,

(4d- Ring Opened)

Scheme 2.21. Deprotection of the Ns-protected 4,6-fused scaffold (4d) with thiophenol yielded two final products in a 1:3
ratio: (i) The deprotected scaffold (4b) is formed as the minor product by LCMS, (i) the major product of the reaction
corresponds to the 9-membered ring opened Ns-protected compound (4d — Ring Opened). It was theorised that the 4,6-fused

scaffold underwent nucleophilic attack by the thiolate ion at the most hindered carbon to relieve ring strain.
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As summarised in Table 2.3, several additional methodologies were trialled for the removal of
the Ns protecting group. Mercaptoacetic acid (MAA) was utilised as an alternative thiolate
nucleophile, the advantage being that the resulting cleavage side product of
nitrophenylthioacetic acid could be washed away with NaHCO3.!® MAA coupled with both
triethylamine and caesium carbonate gave clean conversion, but the rate of rate of deprotection
was very slow, even when the reaction temperature was raised from room temperature to 50
°C making it an unsuitable method of deprotection. Finally, magnesium turnings in methanol
at 40 °C were trialled as a much harsher method of nosyl removal, which resulting in complete

decomposition of starting material.
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Table 2.3. Several methodologies were trialled for the removal of the Ns protecting group to yield the 4,6-fused

scaffold at the major product.

0,0 NO,
o
N
N\) s =8 F 3C
F;C
CF,
CF;
4d) (4b)
Reagents Solvent Temp  Time Comments
&
1.
PhSH (3.0 Eq) o Full consu_mption of §tart_ing material - product mass
KoCOL (2.0 E Acetonitrile RT 3 observed in a 1:3 ratio with compound of m/z 435.2
2C0; (2.0 Eq) (suspected 4d — Ring Opened)
2.
Full consumption of starting material - product mass
PhSH (2.0 E
CsCO ((2 0 Eq)) DMF RT 1 observed in a 1:3 ratio with compound of m/z 435.2
SLVs AT (suspected 4d — Ring Opened)
3.
PhSH (5.7 Eq) Full consumption of starting material - product mass
K>COs (3.0 Eq) DMF RT 1 observed in a 1:3 ratio with compound of m/z 435.2
(4d — Ring Opened)
4. Mercaptoacetic
Acid (1.3 Eq) DMF RT 2.5 No conversion to desired product
TEA (2.0 Eq)
3. Mercaptoacetic 4 . 0 .
AGOSED  DME RS Ve sovmeobementon Jndconenionts
Cs2C0; (5.0 Eq) Y P Y
6. Mercaptoacetic ) L tional 2 FMAA added
Acid (2.5 Eq) DMF 50 24 Reaction very slow, addmona SEq.o _M added,
no increase in rate of deprotection
Cs2COs (5.0 Eq)
7.
Mg (96.0 Eq) MeOH 40 1 Starting material destroyed

2.2.6. Increased Reaction Efficiency

Due to the difficulties in removing the nosyl protecting group on (4d), several steps were taken
to increase the efficiency of the route. Firstly, the activation of the hydroxyl group of the

homoallylic amine (2i) was carried out at the beginning of the synthetic pathway. The reaction
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sequence then proceeded as before, the modified homoallylic amine (2i-Protected) was
cyclised using molecular iodine to access the iodo-azetidine intermediate (2i-i) which was then
reacted with sodium azide to form the desired azido-azetidine (AA-11). It was hypothesised
that potassium carbonate and heat would be required to close the ring as in a previous synthetic
route. However, a fortuitous discovery revealed that the ring closure reaction occurred as a
single step in situ. The azido-azetidine was reduced to the free amine in THF and near-total
cyclisation to the fused ring system was observed within 16 hours of reaction initiation. The
4,6-fused scaffold (4b) was the major reaction product, a small amount of uncyclised amino

azetidine was also observed (Scheme 2.22).
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MsCl (1.1 Eq)
TEA (1.5 Eq)

F;C 0)
F;C INI/\/OH . 3 E/\/ \//S\\/
DCM
0.5 h,RT 00 1, (3.0 Eq)
NaHCO; (5.0 Eq)
CF CF CH,CN
} (2i) 87% } (2i-Protected) 16 h3, RT
85-99 %
v Crude Yield
1
N3
N
N NaN; (13EQ)
B ——
F;C 3
DMF o
PPh, (1.3 Eq) 0 16 h, RT S
H,0 (10.0 Eq) Cr, 0=$=0 X I
THF | 93%.
16 h,RT (AA-11) Crude Yield 2i-i)
NH, NH
N N
FsC 1 In Situ F\C
(0] 48 %
|
CF,  0=8=0 CF,
B (AA-12) - (b)

Scheme 2.22. To access the 4,6-fused scaffold, 4b) more efficiently, the homoallylic amine (2i) was first reacted with
methanesulfonyl chloride to transform the hydroxyl group to a significantly better leaving group. The resulting protected
homoallylic amine (2i-Protected) was cyclised using iodine under basic conditions yielded the corresponding iodo-azetidine
intermediate (2i-i) which was reacted with sodium cyanide. The resultant azide-containing azetidine (AA-11) was reduced
under classical Staudinger reaction conditions to give (AA-12) which underwent intramolecular cyclisation in situ to give

the 4,6-fused scaffold (4b) on a multi-gram scale.

Isolation of the 4,6-fused scaffold (4b) from the reaction mixture was achieved through
manipulation the pH. The neutral solution was acidified to pH 2 using 1.0 M HCI solution and
extracted with ethyl acetate, the organic layer contained mainly the triphenylphosphine by-
product with (4b) being the major product in the aqueous fraction. The pH of the aqueous layer

was adjusted to pH 10 using 2.0 M NaHCOs solution to push the product of the aqueous layer
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and was extracted with ethyl acetate before washing with brine. Purification of the free amine
bicyclic system was easily achievable in good yields using normal phase chromatography with
5% MeOH in DCM with 1% triethylamine in yields of between 53% and 72% on a multigram
scale. Having successfully identified a robust route towards a bicyclic, heterocycle-containing
scaffold moiety, a series of test diversification reactions were carried out in preparation for
library generation.! The pure product (4f) of one of these reactions was recrystallised from

acetonitrile and an X-ray crystal structure was obtained (Figure 2.5).

! The diversification of 4,6-fused scaffold (4b) is discussed in detail in Chapter 3, Section 3.3.1 — Section 3.3.4.
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N
F\C TEA (3.0 Eq) e NJ
DCM 3
RT,24 h
CF,
CF;
(4b) (4f)

Figure 2.5. An X-ray crystal structure was obtained of (4f) with ellipsoids drawn at the 50 % probability level, to further

confirm the structure and stereochemistry of the 4,6-fused scaffold.

2.2.7. Isolation of the 5,6-Bridged Scaffold

As discussed above (Section 2.1.1.), iodo-azetidines can be readily converted to the
corresponding iodo-pyrrolidine stereoisomer by heating to 50 °C as a solution in acetonitrile.
Using the same methodology as described in (Section 2.2.6.), the iodo-pyrollidine intermediate
(IP-2) was converted to the corresponding 5,6-bridged scaffold (5a) with final yields of

between 32% and 67% on a multigram scale (Scheme 2.23).
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Scheme 2.23. lodo-azetidine intermediate (2i-i) was be readily converted to the corresponding iodo-pyrrolidine
intermediate (IP-2). Using the previously developed method towards the 4,6-fused scaffold, the iodo-pyrrolidine

intermediate was converted to the corresponding 5,6-bridged scaffold (5a) to be used in library diversification.

The structure and conformation of the bridged system was confirmed using 2-D NMR
experiments (Figure 2.6 and Figure 2.7). NOE through-space proton interactions were
observed were particularly useful in confirming the structure of the 5,6-fused scaffold; Hg
interacts with both protons present on the carbon bridge, Hn and Hi, as well as Hp (IV). The
NOE interaction between Ho with Hj and Hi proved that these protons sit in the same side of
the molecule (IT). HMBC (Heteronuclear Multiple Bond Correlation) showed through bond
couplings between Ho and C8 (VII). Hi and Hg, as well as Hm and Hp display coupling to C2

(V and VI) adding further proof to the structure determination.
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Figure 2.6. 2-D NMR spectroscopy was used to confirm the structure and conformation of the 5,6-bridged scaffold (SC-6-
NH) NOE through-space proton interactions (red arrows) were observed were particularly useful in confirming the
structure of the 5,6-fused scaffold; Hg interacts with both protons present on the carbon bridge, Hn and Hi, as well as Hp
(1V). The NOE interaction between Ho with Hj and Hi proved that these protons sit in the same side of the molecule(Il),

confirming the cis-stereochemsitry of the scaffold.
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Figure 2.7. HMBC (Heteronuclear Multiple Bond Correlation) interactions (blue arrows) showed through bond couplings

between Ho and C8 (VII). Hi and Hg, as well as Hm and Hp display coupling to C2 (V and VI).

Having successfully isolated and optimised the synthesis of the azetidine-containing 4,6-
system (4b) and the corresponding pyrrolidine-containing 5,6 system (5a), it was decided that
both scaffolds would be used for virtual library enumeration towards the generation of a
physical compound library. Both the 4,6-fused and the 5,6-bridged system originated from the

same starting material, iodo-azetidine intermediate (2i-i), however by exploiting a known

11 (ppm)




structural interconversion through temperature manipulation, two scaffolds which are
structurally very different to each other have been generated in good yields. The azetidine
containing system is a relatively flat and compact scaffold whereas the pyrrolidine-containing
scaffold offers an additional degree of three-dimensionality to the scaffold due to the carbon
bridge within the system, allowing for a greater area of chemical space to be covered. The
effect of scaffold shape and dimensionality in terms of drug discovery and the process of library

generation will be discussed in the proceeding chapter.
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Chapter 3: Library Design

and Development
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3.1. Computational Tools in Library Design

Computational tools are widely employed throughout the drug discovery pipeline, such
resources are commonly used to (i) design and select novel molecules in silico, (ii) filter large
compound libraries based on specific molecular properties or physiochemical characteristics
and (iii) virtually optimise and screen compounds to improve their pharmacokinetic properties.
Computer-Aided Drug Design (CADD) methodologies are becoming increasingly important
in drug discovery and are critical for the cost effective identification of new drug candidates

with suitable pharmacological properties.'®

Open-source applications were used to aid the library design process, KNIME!'®® was used to
perform in silico reactions for the enumeration of compound collections, which were then

visualised and evaluated in terms of three-dimensionality using DataWarrior.!*!

3.1.1. KNIME

KNIME, the Konstanz Information Miner, is an open-source data analysis platform which
contains a large set of building blocks, termed nodes, and third-party tools to allow for the
creation of detailed, interactive workflows to assist in the virtual screening of compounds. The
software uses a combination of machine learning and data mining procedures to sort and
manipulate data based on a particular set of parameters established by the user. The platform
uses “nodes” to represent each task which can be carried out throughout the entirety of the
workflow. KNIME inherently possesses many of the nodes necessary for basic data analysis,
however, for analysis of the required level for this project, it is necessary to install additional
open-source third-party extensions. Specifically, RDKit,!> ChemAxon,'”* and CDK!'*

extensions were installed in order to carry out the work discussed throughout this chapter.
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Figure 3.1. The process of designing a compound library and progressing it to market can be divided into four main stages.
Stage One involves the creation of large numbers of compounds through the in silico reaction of building blocks. The
resultant virtual compounds are then virtually enummerated and selected (Stage Two) based on specific molecular
properties and compound clustering to create a diverse virtual library set. Stage Three involves the visualisation of
compounds to evaluate the spread of the library through chemical space to quantify the level of diversity within the selected
library. Stage Four relates to the synthesis of the enumerated set to create a physical compound library, this synthesis

process is typically conducted in parallel.

KNIME has been used in pharmaceutical research since 2006.'%> The process of creating a
compound library using a data analysis software such as KNIME can be divided into four main

stages (Figure 3.1). Stage I, termed “virtual synthesis” involves the in silico reactions of virtual
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compounds, for example a scaffold moiety and all the possible reactants available, in a single
or a series of in silico reactions to create a virtual product library which contains all the possible
reaction outcomes. The reactants are imported as Structure Data Files (SDF) for ease of transfer
between multiple platforms and in silico reactions can be composed in one of two ways.
MarvinSketch is an advanced chemical editor developed by ChemAxon used to draw chemical
structures, queries, or reactions. Alternatively, a form of line notation for describing the
structure of molecules can be used: Simplified Molecular-Input Line-Entry System (SMILES),
can be used to represent individual molecules and reactions. Importantly, the two can be readily
interconverted using various nodes within KNIME. A reaction component node is used to join
the reactants and generate the virtual products of the reaction, this virtual collection is usually
very large, determined by the number of building blocks and reactive handles used (Figure
3.2). This data is present as a table, with each compound having a unique row and each property

adding an additional column.

SDF Reader RDKit Canon SMILES

>

SD‘I;’ ’i’

RDKit Two Component RDKit Generate
RDKit Canon SMILES Reaction Coords RDKit Canon SMILES

SDF Reader . » :
- > E» 2a» > Lo > E»

SOE L 1 1 1

MarvinSketch

ol

Figure 3.2. Reactants are imported as Structure Data Files (SDF) for ease of transfer between multiple platforms and in

silico reactions are preformed using a “Two Component Reaction” node (Node 224) to create a set of virtual compounds.
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Following the creation of a large virtual compound set, often containing thousands of items,
the associated molecular properties of each compound are calculated, including but not limited
to molecular weight, cLogP, topological polar surface area (TPSA), number of hydrogen bond
donors (HBD) and hydrogen bond acceptors (HBA). A set of parameters are established to
filter the whole compound set against, for example, using the guidelines set out by the Lipinski
Ro5.°! This filter requires any compound with a molecular weight of greater than 500 Da, a
cLogP greater than 5, more than 10 HBD and more than 5 HBA respectively will be removed
from the table following processing with a “Row Filter” node to create a smaller set of

compounds which sit inside the desired parameters.

To further reduce the size of the compound library and to create the most diverse set of
compounds possible to ensure a broad exploration of chemical space, the compounds are
clustered and sampled. Hierarchical Cluster Analysis (HCA) is an algorithm that groups similar
objects into groups, termed clusters, each cluster is notably distinct from every other cluster,
with the objects within each cluster being broadly similar. Within HCA, two modes of
clustering are possible, divisive, and agglomerative. Divisive clustering, also known as top-
down, starts the algorithm with all data points in one large cluster and the most dissimilar
datapoints are divided into sub-clusters until each cluster consists of exactly one data point.!®
An alternative to this is agglomerative clustering or the bottom-up approach, which is used by
KNIME. This method initially considers each data point as a unique cluster, also called a leaf.
The distance is then calculated between each cluster and all the other clusters using a complete
linkage strategy which defines the distance between two clusters, cl and cl1, as the maximal
distance between any two points, x and y, where x is in ¢l and y is in c2. Mathematically the

complete linkage can be described by the following expression (Equation 3.1):
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Equation 3.1. An equation to calculate the distance between two clusters.

_ max d(x,y)
D(cl,c2) = x €Ecl,y €c2
where: d(x,y) is the distance between elements x € cl and y € c1

and c1 and c2 are two sets of elements (clusters)

The clusters with the shortest distance between them merge to form a new data point, termed
a node. This process continues until all the data is assigned to a single, over-arching cluster
termed a root. The progression for the clustering method can be visualised on tree-like plot
called a dendrogram as visually represented in Figure 3.3. The number of clusters formed can

be controlled by the user.
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Figure 3.3. Hierarchical Cluster Analysis (HCA) is an algorithm that groups similar objects into groups, termed clusters,
each cluster is notably distinct from every other cluster, with the objects within each cluster being broadly similar. An
alternative to this is agglomerative clustering or the bottom-up approach, which is used by KNIME. This method initially
considers each data point as a unique cluster, also called a leaf. The distance between each cluster is calculated, clusters
are joined together in pairs based on their proximity in space to one another, these pairs are termed nodes. The process of

Jjoining clusters together continues until a single cluster group, called a root, remains.

Following the assignment of each virtual compound to its respective cluster, a “row sampling”
node is employed to take a selection of compounds from each cluster to create a more refined,
diverse set for synthesis. A linear sampling mode is used which takes the first and last row in
each cluster and selected from the remaining rows in a linear fashion giving an even selection

of the data at hand.

The third stage of library design involves the visualisation of the refined compound collection,

this is commonly carried out using PMI plots, to visually represent the shape distribution and
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diversity within the set.? Using a series of nodes, the geometry of each molecule is optimised,
and its’ PMI-derived properties are calculated. Three principal moment of inertia values are
calculated, I1, Iz, I3, ranging from smallest (I;) to largest (I3), subsequent normalisation of the
resultant values is then carried out by dividing the lower values, I and I, by the highest, I3, to
generate two characteristic values of normalised PMI ratios (NPRs) for each compound in the
set. By calculating these values, 11/ I3 and I/ I3, the dependence on the size of the molecules in
the chosen representation is completely removed, which reduced the need for decorrelation
procedures!®, thus making the method less computationally demanding. The majority of
approved drugs currently available fall along the rod-disc axis of the ternary PMI plot, with
relatively few populating the more three dimensional area of chemical space, techniques such
as fragment based drug discovery and diversity orientated synthesis can be used to create
compound libraries which populate under explored areas of three dimensional chemical space

(Figure 3.4).106. 113, 114

2 For a more detailed explanation of PMI plots and their applications please see Section 1.5.3.
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Figure 3.4. The geometry of each compound is calculated through the generation of normalised PMI ratios. The majority of
approved drugs fall along the rod-disc axis when visualised on a PMI plot with a relatively small percentage occupying a
more three-dimensional region of chemical space. Techniques such as fragment-based drug design and diversity orientated
synthesis allow for the creation of compound libraries which display a high degree of three-dimensionality and

stereochemical diversity to enable the population of chemical space which is currently under-explored.

These plotted values result in a triangular graph into which all the molecules in the collection
are projected. The three corners of the graph are defined by the vector [Ii/I3, I2/I3] which

translated to [1,1], [0.5, 0.5] and [0, 1] respectively.

The final step in the process, involves the translation of the enumerated virtual library into a
physical compound collection which can be employed in biological assays. The process is
usually carried as a series of reactions in parallel allowing for between 10’s and 1000’s of

compounds to be synthesised at the same time. '’
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3.1.2. DataWarrior

DataWarrior, is an open-source platform which can be used for the for the analysis and
visualisation of data.!®> 18 DataWarrior was primarily utilised for the visualisation and
evaluation of the final compound collections compared to pharmaceutical compounds available
on the market. Principal Component Analysis (PCA) is a widely used technique to convert
many highly correlated variables into a smaller number of less correlated variables to allow for
the creation of an easily interpretable visual representation of molecular diversity. Molecular
descriptors are widely employed in cheminformatics,'®” and are a mathematical representation
of a molecule and its associated molecular properties.??® Descriptors are commonly classified
in accordance with their associated “dimensionality”, which is extrapolated from the properties
being calculated. One-dimensional (1-D) descriptors relate to the bulk molecular properties
such as molecular weight and LogP, two-dimensional (2-D) descriptors correspond to the

properties such as Fsp3,2°! which are computed from 2-D representations of the molecules

being studied and are represented as unique binary codes termed molecular fingerprints.2%?
Three-dimensional (3-D) descriptors are calculated from 3-D molecular representations and
may require the analysis of multiple geometric conformations in order to extrapolate

0

descriptors such as principal moments of inertia and molecular topology,” which are

represented as mathematical vectors.?%

DataWarrior possesses a series of options for the calculation of the descriptors associated with
a particular molecule. The “SkeletonSphere” descriptor was chosen to assess compound
similarity and to generate principal component data due to its accuracy when compared to other
available descriptor calculations.?* 295 Following the calculation of the principal component
data, the enumerated library was displayed in a three-dimensional plot in order to visualise the

diversity of its’ components from one another (Figure 3.5).
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Figure 3.5. A two-dimensional and three-dimensional representation of 101 compounds based on the same core scaffold,
compounds display a similarity score of between 0.7 and 0.8 owing to use of a common scaffold moiety. Decoration of the
scaffold with a series of reactants has allowed for the creation of a library set which covered a wide range of chemical

space.

3.2. Library Development: Generation One Scaffolds

An additional aim of this work, aside from the development of novel, bicyclic scaffolds, was
to improve the scope of the azetidine ring formed via iodine-mediated cyclisation. The
azetidine ring was viewed as a “Generation One” scaffold to be decorated accordingly for the

exploration of chemical space.
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3.2.1. CF3 Azetidine Library

As discussed in Chapter Two, Buchwald-Hartwig amination was proposed as a method towards
a bicyclic ring system. A small library of decorated azetidine rings was designed and
synthesised to facilitate the creation of the final diverse N-heterocyclic-containing library via

a late-stage cross-coupling reactions (Scheme 3.1).
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Scheme 3.1. Simple benzylamine and benzaldehyde builiding blocks were used to synthesie an iodo-azetidine intermediate

compound which was subsequently reacted with a series of pre-selected amines to create a diverse amino-azetidine library.

3.2.2. KNIME Pathway

Using KNIME, a basic workflow was constructed for the virtual enumeration of decorated
azetidines in silico. Using “SDF Reader” nodes representations of the relevant starting
materials, 2-bromobenzylamine and 3,5-bis-trifluorobenzaldehyde were imported to the
workflow. A “Two-Component Reaction” node was used to virtually create the iodoazetidine
intermediate and a SMILES string was used to represent the transformation of the simple
aldehyde and amine starting materials to the corresponding cyclised azetidine ring system

(Figure 3.6).
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Figure 3.6. Building blocks were imported into the KNIME workflow using “SDF Reader” nodes and were virtually reacted
using a “Two Component Reaction node. SMILES notation was used to represent the reaction of building blocks to form the

virtual iodo-azetidine intermediate compounds.

A selected set of aliphatic amines with a molecular weight of less than 175 Da (1300

206 a5 an SDF file which was

compounds) was downloaded from the SigmaAldrich website
uploaded to the workflow using a reader node. The contents of this node was connected to an
additional “Two Component Reaction” node and reacted with the iodo-azetidine intermediate,

with the reaction described using SMILES notation (Figure 3.7). This action created a virtual

set of over 1,300 amino azetidines.

[C:1][C:2][I:3].[NX3;H2,H1;!$(NC=0):4][C:5]>>[C:1][C:2][N:4][C:5]

Figure 3.7. SMILES notation was used to represent the virtual reaction of the iodo-azetidine intermediate compounds with a

selection of amines, this virtual reaction was carried out using an additional reaction “Two Component Reaction” node.
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The LogP was calculated using a methodology developed by Lai and co-workers,*”’ and

additional molecular properties where subsequently calculated. The virtual compound

' removing

collection was then filtered based primarily on the Lipinski Ro5 guidelines,’
compounds with more than ten HBD, more than five HBA and a logP of greater than five. The
upper limit for molecular weight was raised to 600 Da due to the presence of a bromide on the

azetidine’s benzylic ring adding significantly to the weight of the scaffold. Using the “Row

Filter” node, this filtration process reduced the virtual library to 120 compounds (Figure 3.8).

Molecular
RDKIt Canon SMILES XLogP Properties Row Filter Row Filter Row Filter Row Filter
> Er P r > % » = (= S i . =
Node 6 Node 7 Node 8 LogP HBD HBA MW

Figure 3.8. Following the creation of a virtual compound set, the molecular properties of each compound were calculated.

The compound set was then filtered based on a pre-determined set of parameters using a series of “Row Filter” nodes.

The remaining compounds were clustered using a hierarchical agglomerative clustering
method as discussed above (Section 3.1.1). Ten individual cluster groups were formed, and

each group was linearly sampled to select a diverse group of virtual compounds.

The sampled collection contained 77 diverse amino-azetidines which were prepared for
visualisation by optimising each compound’s geometry in terms of energy/kcal and
subsequently generating the PMI-derived properties associated with each molecule. As can

been seen in Figure 3.9, the PMI plot of the enumerated library shows that the collection is
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highly diverse, moving significantly away from the rod-disk line towards the centre of the plot,

populating under-explored regions of chemical space.
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Figure 3.9. The PMI-derived properties were calculated for the amino-azetidine library and were visualised accordingly on
using a triangular PMI plot where the three vertices of the plot represent the extremes of molecular geometry, it was noted
that the compounds in the set had moved away from the rod-disc axis and were populating the centre of the plot, indicating a

high degree of three-dimensionality within the library set.

Despite the degree of diversity observed on the PMI plot, it was decided to further reduce the
size of the library to 40 compounds, which were in the original enumerated library, to focus on

the major aim of the project, creation of a novel bicyclic-containing scaffold.
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3.3.3. Synthesis and Outcome

Small-scale validation experiments were carried out to finalise conditions for both the parallel
reactions and the final preparative purification of the resulting products. The reactions were
carried out on a 20 mg scale with regards to the scaffold (2¢-i) with DMF initially chosen as
the reaction solvent due to its compatibility with the preparative high-pressure liquid
chromatography (HPLC) purification system. However, after stirring at ambient temperature
overnight, minimal conversion to the desired product was observed in all cases. Therefore,
DCM was chosen as it has previously been employed as a reaction solvent in the concerted
displacement of iodine and can be easily removed from the reaction mixture prior to preparative
purification methods. The reaction was conducted with an excess of triethylamine to increase
the nucleophilicity of the amine reactant towards the iodo-azetidine to increase the likelihood

of reaction success (Scheme 3.2).

Purification of the validation set revealed that the product molecules did not move well om
silica gel when purified under basic conditions,’ which was initially expected to be the most
suited due to the number of basic centres in the final compounds. Unexpectedly, purification
under acidic conditions* resulted in significantly less streaking on the preparative column
resulting in a more efficient purification process. Yields of the final products in the validation
set were lower than would typically be expected but this was attributed to the initial difficulties

faced during purification.

3 Basic conditions refer to the use of 10mM ammonium bicarbonate in water (pH 9.5) or 100mM ammonia in
water being used as a eluent with acetonitrile for the preparative purification of compounds.

* Acidic conditions refer to the use of 0.1% formic acid in water with acetonitrile for the preparative purification
of compounds.
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Scheme 3.5. A small scale validation experiment was conducted to establish conditions for library synthesis, the pre-
prepared iodo-azetidine was reacted with a series of amines in a paralell fashion. The resultant compounds were purified

using HPLC under basic conditions.

Preparation of the azetidine library was carried out in parallel, a solution of iodo-azetidine (2¢-
i) was prepared in DCM (45 mg/mL), the amount of starting material per reaction was increased
from the original scale used in the validation set to increase the reaction concentration to boost
the final isolated yields. The reaction mixture was added to labelled reaction vials with
triethylamine and the amine reactant. Reactions were sealed and stirred overnight at room
temperature. Reaction progress was monitored using ultra performance liquid chromatography

(UPLC), after 16 hours reaction mixtures which did not contain the desired product were
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discarded and DCM was removed from the remaining reactions within the set using centrifugal
evaporation and were prepared for preparative purification. 34 compounds were successfully
isolated, the final compounds were visualised using PMI-derived properties, 11/I3 and I>/I3, and

showed a similar spread of diversity to the larger enumerated library (Figure 3.10).
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Figure 3.10. 34 amino-azetidines were successfully isolated following parallel library synthesis, the spread of three-
dimensionality within the group is evident from the resultant PMI plot, the majority of compounds populat the centre of the

plot indicating a high degree of shape diversity.

Yields of the isolated products were typically < 30%, these low yields were thought to be
related to the use of an intermediate product, which did not undergo flash chromatography prior
to library synthesis, as a scaffold. A small selection of these uncyclised azetidine compounds
were submitted for biological testing and showed interesting results towards anti-tuberculosis

activity (discussed in Section 3.4.2.).
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3.3.4. NO;> Azetidine Small Set

Additionally, a small set of nitro-containing amino-azetidines (6 compounds) was also
prepared in parallel. A solution of iodo-azetidine (2d-i) was prepared in DCM (25 mg/mL) and
subsequently partitioned between labelled reaction vials containing the amine nucleophile and
three equivalents of triethylamine. The reactions were stirred overnight at ambient room
temperature and monitored by UPLC. After 16 hours, all reactions contained the desired
product and were prepared for preparative purification by removing the reaction solvent via
centrifugal evaporation and resuspension in DMSO. As with the CF3-containing set, it was
found that acidic conditions were required to achieved good separation during purification,
however, it was noted that there was still a significant loss of yield with the majority of products

being collected with relatively low yields of less than 25% (Scheme 3.3).
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Scheme 3.3. A small set of nitro-containing amino-azetidines were additionally synthesised in a parallel fashion to further

diversify the final compound set.

The collection of compounds was visualised using the PMI-derived properties associated with
each molecule, which showed that the set was quite diverse in terms of three-dimensionality.
All compounds have moved significantly away from the rod-disc axis towards the centre of the

plot, towards the traditionally underexplored areas of chemical space (Figure 3.11).
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Figure 3.11. The nitro-containing amino-azetidine set was visualised using a PMI plot. The compounds possess a high

degree of three-dimensionality relative to eachother.

3.3. Library Development: Generation Two Scaffolds

3.3.1. 4,6-Fused Scaffold: Decoration for Library Synthesis

Following the successful synthesis of the desired heterocyclic containing “Generation Two”
scaffold as discussed in Chapter Two, a workflow was designed using KNIME to enumerate a
virtual compound collection for library synthesis. In order to achieve a reasonable level of
diversity within the decorated library, it was decided that the scaffold would be decorated with

acid chlorides, sulfonyl chlorides and isocyanates (Scheme 3.4).
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Scheme 3.4. A schematic demonstrating the decoration of the 4,6-fused scaffold (SC-5-CF3-NH) with acid chlorides,

carboxylic acids, isocyanates and sulfonyl chlorides to create a diverse compound library

3.3.2. 4,6-Fused Scaffold: KNIME Pathway

For ease of data processing, it was decided to carry out each set of in silico reactions, between
scaffold and reactant subgroup, separately and combine resultant data in a later step. SD files
of selected acid chlorides, sulfonyl chlorides and isocyanates compiled by Sigma Aldrich were
downloaded and uploaded to an “SDF Reader” node at the beginning of the workflow, the
contents of the SD files were converted to their corresponding canonical SMILES strings to
allow them to be processed by RdKit nodes at a later point. A second “SDF reader” node is
used to introduce the 4,6-bicyclic scaffold (4b) to the workflow (Figure 3.12). A reaction query

is generated using “Marvin Sketch” which was then fed into a “Two Component Reaction”
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node to inform the in silico reaction between the scaffold moiety and the available reactants,
resulting in a collection of 305 compounds. The reaction node (Node 234) generates a data
table as the containing a row for each molecule and a new column for each additional property

calculated.
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Figure 3.12. A Marvin Sketch node (Node 214) was used to generate a representation of the virtual reaction at the
beginning of the workflow. This node, along with nodes containing a series of reactant building blocks and and the scaffold
moiety. Using a “Two Component Reaction” node (Node 224), a series of in silico reactions were conducted to generate a

large set of decorated scaffolds, the corresponding SMILES notation is then generated for each virtual product.

Three-dimensional co-ordinates were generated for the resultant virtual product molecules, and

unnecessary columns were removed from the data table using the “Column Filter” node to
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reduce the computational load and create a simplified table containing only the starting

materials and the resultant product molecules represented as SMILES with their 3-D co-

ordinates.
Missing Value
XLogP Extra Properties Fiitering CDK to Molecule Column Fiiter RDKIt From Molecule RDKIt Fingerprint  Number To String
>
» P r D } | = » Ef» >-"’ > o P > ooy b
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Figure 3.13. The molecular properties of virtual compounds generated by the in silico reactions were then generated using

the “XLogP" (Node 243) and “Molecular Properties” (Node 226).

LogP values for each product molecule were calculated using an atom-type methodology called
XLogP which was developed by Lai and co-workers.?® Selected molecular properties,
including HBA, HBD, molecular weight, topological polar surface area (TPSA) and sp?
character, were then calculated using a node developed by CDK (Figure 3.13).2%° It was
decided to employ Lipinski’s Ro5 guidelines, discussed in Section 1.4., as a means of quickly
removing compounds which fall outside the realms of lead-like chemical space. Using “row
filter” nodes to apply the guidelines previously discussed, compounds which fell outside the
pre-defined parameters were removed from the data table, reducing the number of compounds

in the collection from 305 to 106 (Figure 3.14).
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Figure 3.14. The virtual compounds were then filtered based on parameters previously defined by Lipinski.”’ The filtration
step was conducted so as to refine the library to include molecules with molecular properties to promote oral

bioavailability.

Following this refinement in the virtual library, a molecular fingerprint is generated for each
remaining virtual compound, allowing for rapid similarity comparisons to be carried out during
the clustering step. The majority of molecular fingerprint methods have all been validated and
used with low molecular weight compounds which fall withing the limits described by
Lipinski.?!% 2! The Morgan fingerprint method, which was employed here, is one of the most

popular methods available?!?

and is sometimes referred to as the extended-connectivity
fingerprint (ECFP4).2!* ECFP4 was chosen as it has been found to perform well in benchmark
drug analog studies and can readily encode highly complex structures.?!*2!> The virtual library
set was then clustered using a hierarchical, agglomerative clustering methodology as discussed
above in Section 3.1.1., which generated ten cluster groups, which were then linearly sampled.
This gave rise to a collection of 82 virtual compounds which were prepared for visualisation.

The geometry of each molecule was optimised and energy in terms of kcal/mol calculated,

based on a particular force field, MMFF94 which was developed by Merck.?! The PMI-

123



derived properties for each molecule where then calculated and the compound collection was

then visualised on a triangular PMI scatter plot (Figure 3.15)
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Figure 3.15. The enumerated library was visualised using a PMI scatter plot, the compounds within the selected set are

positioned away from the rod-disc axis representing an increased degree of three-dimensionality within the set.

As visualised in a PMI plot, the enumerated library moved away from the rod-disk axis towards
the centre of the plot, representing a more three-dimensional occupation of chemical space,

which satisfies the aims of this project.

3.3.3. 4,6-Fused Scaffold: Library Synthesis

Following the virtual library enumeration of the 4,6-bicylic scaffold, a series of small-scale
validation reactions were conducted to establish conditions for parallel library synthesis

(Scheme 3.5).
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Scheme 3.5. The 4,6-fused scaffold (SC-5-CF3-NH) was decorated with a series of amines to create a diverse compound
collection.

Following purification, the compounds collected in moderate to good yields with a purity of
greater than 95% (Figure 3.16). While preparing for library synthesis it was discovered that
many of the building blocks using in the KNIME enumeration derived from the SigmaAldrich
Selected Sets files were unavailable. Due to the vast collect of carboxylic acids available within
the company, it was decided to carry out a validation reaction using a carboxylic acid and acid

coupling reagents to further expand the scope of the scaffold decoration reactions.
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Figure 3.16. A validation experiment was conducted to establish suitable reaction conditions for the decoration of the 4,6-

fused scaffold (SC-5-NH) with a series of building blocks.

Scaffold (4b) was dissolved in DCM along with carboxylic acid (94), the carbodiimide
(EDC.HC1) and the peptide-coupling agent (HOAt) were added as solids along with
triethylamine base, The reaction mixture was stirred at room temperature for 16 hours with
good conversion to product observed, following purification the desired product was obtained

in a moderate yield of 31% (Scheme 3.6).
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Scheme 3.6. A test reaction was conducted to investigate the coupling of a carboxylic acid with the 4,6-fused scaffold to

investigate the use of this reaction in library development.
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Owing to the success of the acid coupling validation reaction, a series of available carboxylic
acids (252 compounds) were enumerated, and 55 compounds were selected to be employed in
library synthesis (Figure 3.18) alongside the available acid chlorides, isocyanates, and sulfonyl

chlorides to expand the library and explore new chemical space.
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Figure 3.18. A selection of carboxylic acids was enumerated for use as building blocks in the creation of the 4,6-fused
scaffold library, 55 carboxylic acids were selected for use in library synthesis and the resultant virtual compounds were
visualised on a PMI plot, the virtual compounds display a high degree of three-dimensional diversity and have moved away

from the rod-disk axis to populate under-exploited areas of chemical space.

Following the successful experimental validation, the 4,6 scaffold (4b) was prepared in
accordance with the methodology discussed in Chapter Two. Library synthesis was divided
into two sets owing to the differing methods of preparation, Set One involved 48 individual

reactions whereby the 4,6-bicyclic scaffold was reacted with the pre-selected sulfonyl
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chlorides, acid chlorides and isocyanates to access the diversified compound in a parallel
fashion. The enumerated library explores a good range of chemical space, compounds possess
a high degree of three-dimensionality causing them to move away from the rod-disc axis when

visualised on a PMI plot (Figure 3.19).
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Figure 3.19. The final enumerated 4,6-fused scaffold library was visualised on a ternary PMI plot, the compound collection
does not sit directly on the rod-disk axis and instead has moved towards the centre of the plot indicating a high degree of

structural diversity and three-dimensionality allowing for the population of underutilised areas of chemical space.

Decoration of the scaffold (4b) with carboxylic acids, Set Two, involved 55 reactions
conducted in parallel. The reaction vessels were sealed and were agitated overnight at room
temperature using an orbital shaker (Figure 3.20.) which eliminates the need for magnetic stir
bars allowing for faster reaction reformatting and purification. Reaction progression was
periodically monitored using UPLC with 96-well plates. After 16 hours, the reactions were

analysed and those which showed no conversion to the desired compound were discarded and
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the remaining compounds were prepared for preparative purification by removal of DCM with

centrifugal evaporation and were redissolved in DMF for purification.

€ Heidolph

Figure 3.20 . Library synthesis reactions were conducted in parallel and were agitated using an orbital shaker to ensure

consistent stirring overnight.

3.3.4. 4,6-Fused Scaffold: Summary of Synthetic Results

95 compounds were successfully isolated after mass-directed preparative HPLC purification in
low to moderate yields of between 15% and 50%. Using DataWarrior, the library was
visualised as a three-dimensional scatter plot. Molecular weight was plotted against polar
surface area and the calculated LogP values which demonstrated, using the descriptors, that the
members of the library demonstrate molecular diversity, as per the goals of this project (Figure

3.21).
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Figure 3.21. The members of the 4,6-fused scaffold library were plotted in three-dimensional space comparing their
molecular weight, calculated logP and polar surface area values, the compounds have been designed to be inherently drug-

like in terms of their molecular properties and are spread over a wide range of chemical space.

Additionally, principal component analysis (PCA) was carried out on the final library to gain
an insight into the level of diversity within the library itself since diversity is a property based
upon the relative similarity of compounds in each set rather than an absolute value.?!” The

decorated 4,6-fused structures within this set occupy a relatively varied area of chemical space

(Figure 3.22).
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Figure 3.22. Principal component analysis was used to visualise the compound diversity within the library set. The
“SkeletonSphere” molecular descriptor was calculated for each compound which was subsequently plotted on a three-
dimensional plot. The final library set populates a diverse area of chemical space and displays a large degree of structural

diversity.

Finally, PCA was carried out with the collected library and a collection of pharmaceutical
agents which are currently available, to examine the diversity of this set compared to
compounds which possess similar molecular properties. The ChEMBL database was filtered
using the same parameters used during the enumeration of virtual libraries (MW < 500 Da,
HBD < 10, HBD < 5 and LogP < 5), to create a set of 569 compounds which have been
approved by the Food and Drug Administration (FDA).2!® Using DataWarrior, the
SkeletonSphere molecular descriptor was applied to both the 4,6 library and the ChEMBL-

derived set which was then used to create a three-dimensional plot (Figure 3.23). The 4,6-
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decorated scaffold (red spheres) occupy a completely different area of chemical space when

compared with the ChEMBL drug compounds despite having similar molecular properties.
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Figure 3.23. The 4,6-scaffold library (red spheres) underwent PC analysis and was plotted in space with a selection of
marketed pharmaceutical compounds (blue spheres) with similar associated molecular properties. The novel 4,6-library
compounds occupy a different area of chemical space compared to currently marketed drugs fulfilling the aims of this

project.

3.3.5. 5,6-Bridged Scaffold: KNIME Pathway

Owing to the fortuitous discovery of the alternative 5,6-bicyclic scaffold, it was decided to
synthesise a library to cover a greater area of chemical space and to study the difference in
library compounds between both scaffolds. Acid chlorides/carboxylic acids, sulfonyl chlorides

and isocyanates were chosen to decorate the 5,6-bridged scaffold (Scheme 3.7).
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Scheme 3.7. A schematic demonstrating the decoration of the 5,6-bridged scaffold with acid chlorides, carboxylic acids,

isocyanates and sulfonyl chlorides to create a diverse compound library

The workflow developed for the enumeration of the 4,6-scaffold was again employed for the
decoration of the 5,6-pyrollidine derived scaffold. To alleviate the issues caused in the previous
library synthesis, SD files were created of all the acid chlorides, sulfonyl chlorides, isocyanates,
and carboxylic acids available at that time, and were uploaded to an “SDF reader” node. The
contents of the SD files were converted to their corresponding canonical SMILES strings to
allow them to be processed by RDKit nodes at a later point. The 5,6-scaffold was added to the
workflow using an additional reader node. Using “MarvinSketch” to generate a reaction query
which was then connected to an “RDKit Two Component Reaction” node along with the
reactants and scaffold-containing nodes, the node was executed to generate a collection of 286

compounds.
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The logP values and additional molecular properties of the virtual library were calculated using
the “XLogP” and "Molecular Properties” nodes, both developed by CDK.2” Again, the

Lipinski guidelines were used to form the parameters used to refine the collection, reducing

the number of compounds in the collection to 139.

Hierarchical
Cluster Assignef

O

o
Node 252

Distance Mathkiperarchical Clusteringlierarchical

RDKit FingerprinNumber To StringColor Manager| Calculate (DistMatrix) Cluster View
> > >
> o > > o3 > n B, N = E-
o o o ° o} o}
Node 227 Node 250 Node 237 Node 246 Node 221 Node 249

roup Loop Start

> o >
[e)
Node 230

Figure 3.24. The virtual compound set was then clustered together using an agglomerative method of hierarchical
clustering method. Ten cluster groups were created and linearly sampled to create a virtual library of 120 compounds

displaying a high degree of diversity.

A molecular fingerprint was generated for each remaining virtual compound, using the Morgan

fingerprint,?!!

allowing for rapid similarity comparisons to be carried out during the clustering
step. The compound collection was then clustered using a hierarchical, agglomerative
clustering which generated a ten cluster groups, which was each sampled in a linear fashion
(Figure 3.24). After clustering, 120 virtual compounds were selected and were prepared for

visualisation. The geometry of each molecule was optimised and energy in terms of kcal/mol

calculated. The energy calculation was based on a particular force field, MMFF94 which was
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developed by Merck.?'® The PMI-derived properties for each molecule where then calculated

and the compound collection was then visualised on a triangular PMI scatter plot.
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Figure 3.25. The enumerated 5,6-fused scaffold library was visualised with a PMI plot, the library selection does not sit
directly on the rod-disk axis and had moved towards the centre of the plot indicating that library members possess a high

degree of both three-dimensionality and structural diversity.

The three-dimensionality of the library compounds is evident when the compounds are plotted
on a PMI plot (Figure 3.25). The library set has moved towards the centre of scatter plot away
from the rod-disc axis. This increased dimensionality makes the novel compounds included in
this library set notably different from the majority of pharmaceutical drugs currently available,
the bulk of which predominately sit along the rod-disc access when plotted in terms of their

respective PMI-properties. '8

135



3.3.6. 5,6-Bridged Scaffold: Library Synthesis

A series of validation reactions were performed in preparation for library synthesis, a solution
of scaffold (5a) was prepared in DCM (30 mg/mL) and portioned between four reaction
vessels, which contained the corresponding reactant and three equivalents of triethylamine.
The reaction mixtures were stirred at room temperature and conversion to the desired products
was monitored using LCMS and UPLC. The reactions proceeded well with the desired product
being the major component in each reaction after 16 hours. The reaction solvent was removed
using a centrifugal evaporator and the samples were prepared for purification with HPLC and

were collected in good yields with a purity of greater than 95% (Scheme 3.8).
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Scheme 3.8. A small scale validation reaction was conducted to establish suitable reaaction conditions for the deocration of

the 5,6-bridged scaffold (SC-6-CF3-NH).

Following the successful synthesis and isolation of the decorated compounds at the validation
stage, scaffold (5a) was prepared as discussed in Chapter Two. The library preparation
procedure was divided into two sets depending on the reactants. Set One refers to reactions
with acid chlorides, sulfonyl chlorides and isocyanates and Set Two refers to amide bond
formation with carboxylic acids. Set One required the reaction of a collection of 50 acid
chlorides, isocyanates, and sulfonyl chlorides with the 5,6-bicyclic scaffold, these reactants

were measured and added to labelled vials followed by a solution of the scaffold (5a) in DCM.
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Set Two involved the reaction of 24 carboxylic acids with 5,6-bicyclic scaffold via an
amidation reaction. The reactions were sealed and agitated at room temperature overnight using
an orbital shaker. Reaction progress was monitored with UPLC on 96 well plates, after 16
hours any reactions not showing the desired product by UPLC was discarded and the remaining
reactions were prepared for purification through removal of the reaction solvent and

resuspension of the remaining solid or oil in DMF prior to purification with preparative HPLC.

3.3.7. 5,6-Bridged Scaffold: Summary of Synthetic Results

Following purification, the samples were collected, reformatted from DMF, and analysed, in
total 79 compounds were isolated in moderate yields, between 20-45% with a high level of
purity (>90%). Using DataWarrior, the library of decorated scaffolds was plotted on a three-
dimensional plot comparing the molecular weight, polar surface area and calculated LogP
values of the set. Owing to the enumeration process, the synthesised compounds all fall within
“lead-like space” but are relatively well spread throughout this area of chemical space (Figure

3.26).
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Figure 3.26. The members of the 5,6-bridged scaffold library were plotted in three-dimensional space comparing their
molecular weight, calculated logP and polar surface area values, the compounds are well spread through chemical space

and are inherently drug-like.

In order to facilitate PCA of the final library set, the molecular descriptor “SkeletonSphere”
was calculated to examine the diversity within the library. As can be seen in (Figure 3.27), the
library members are well distributed throughout the relative area of chemical space that is

populated.
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Figure 27. In order to visualise the level of diversity within the set a PC study was conducted, the “SkeletonSphere”
molecular descriptor was calculated for each member of the compound library which were then plotted in space relative to

eachother. The compound collection displays a wide range of structural diversity and populates a range of chemical space.

As with the 4,6-library, the 5,6-decorated scaffolds also underwent an additional PCA study
with the filtered set of pharmaceutical compounds downloaded from the ChREMBL database,
596 compounds in total. The marketed pharmaceuticals (blue spheres) occupy a distinct area
of chemical space when compared to the novel 5,6-bridged final compounds (pink spheres),
proving that this library set presents an opportunity for under-explored areas of chemical space

to be reached (Figure 3.28).

140



c2

40 -10 -20 -30 0 10 20 30 40 50

15

10

pc3

pci

Figure 3.28. The 5,6-bridged scaffold library (pink spheres) underwent PC analysis and was plotted in space with a
selection of marketed pharmaceutical compounds (blue spheres), the novel 5,6-bridged library compounds occupy a

different area of chemical space to the marketed drug compounds.

3.4. Biological Evaluation of Library Compounds

3.4.1. hERG inhibition

myocytes, a cell type found in the heart

Following the identification of lead compounds, they must then be evaluated using their drug-
likeness parameters and cardiotoxicity. Cardiotoxicity and an interference with normal cardiac
physiology is commonly cited as a reason for withdrawing many lead compounds from both
carly- and late-stage clinical trials.>!® Cardiotoxicity is commonly associated with hERG

(human ether-a-go-go related gene) potassium (K*) ion channel, which occurs in cardiac

220
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The hERG ion channel is responsible for shaping



the rapidly activating component of the cardiac delayed rectifier potassium current (/kr), which

plays a crucial role in the repolarisation of the cardiac action potential (Figure 3.29).22!

hERG K+ Ion
Channel

Figure 3.29. Cardiotoxicity is commonly cited as a reason for withdrawing lead compounds from early-stage clinical trials.
The hERG ion channel is responsible for shaping the rapidly activating component of the cardiac delayed rectifier
potassium current (Ix,), which plays a crucial role in the repolarisation of the cardiac action potential. Dysfunction of the

potassium ion channel may cause a delayed repolarisation of the cardiac action potential, resulting in a elongated OQ

interval. Created using BioRender.com.?*’

Dysfunction of K™ ion channel can result in long QT syndrome (LQTS) or cardiac arrhythmia,
which is caused by a delayed repolarisation of the cardiac action potential, resulting in an
elongated QT interval.??* 224 The QT interval is a measure of time between the Q wave and the
T wave of the heart’s inherent electrical cycle, as measured on an electrocardiogram (ECG).?%°
Prolongation of the QT interval is associated with Torsades de Pointes (TdP), which can lead
to sudden cardiac death through the development of an abnormal heart rhythm.??¢ Inhibition of
the hERG ion channel and subsequent induction of LQTS is commonly attributed to drug
interaction and occurs through several mechanisms. Interaction of a drug with a structurally

unique receptor domain within the ion channel results in reduced permeation of potassium
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through the channel causing a total block of hERG channel or an interference with the
associated Ik current.”?” Drug interaction can also cause reduction in the Ik through
disorganisation of cell trafficking to the cell surface, causing fewer mature K* ion channels to

be present on the cell surface.??

The importance of early measurement of hERG-related toxicity is driven by the inherent
promiscuity of the protein.??® The channel can bind to a diverse range of compounds, with the

majority of drug-like molecules displaying some degree of hERG inhibition,?** for example

1 232 233 4

antibiotics,*! anti-fungals,>*? anti-cancer agents,?* anti-psychotics,?** and anti-arrhythmic
drugs,?®> all of which have been shown to strongly block or induce disordered membrane
trafficking of hERG ion channels. Several models for the in silico prediction of hERG toxicity
have been developed to assist in compound selection during early-stage drug discovery,?*¢ and
a number of physiochemical properties have been linked to possible hERG inhibition, namely
lipophilicity, the number of basic nitrogen atoms and number of rotatable bonds present within
a given compound.??”- 238 Generally, compounds with a high logP value, basic nitrogen atoms
and a low level of structural rigidity are more likely to induce inhibition of the hERG

channel .z’

Seven compounds from the final 4,6-fused and 5,6-bridged library collection (Figure 3.30)
were selected and evaluated in terms of their hERG inhibition using an in vitro patch-clamp
assay. The patch-clamp technique is commonly used to study ionic currents in living cells or
patches of the cell membrane.?*® Testing was performed on the lonWorks Quattro automated
patch-clamp at ambient room temperature. Compounds were tested at a single test
concentration of 30 mM with an incubation time of approximately three minutes. Individual

data points are plotted as black circles and mean inhibition as a red bar. In this assay, <30%
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inhibition was considered inactive and >50% inhibition was considered active and may be

biologically significant.
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Figure 3.30. Seven compounds from the final compound libraries were submited for preliminary hERG ion channel
inhibition screening, the majority of compounds showed relatively high inhbition rates of >50% which may be biologically
significant in terms of cardiotixicty. Two compounds, HCC-100360 and HCC-100416, displayed inhibition rates of less an

50%.
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Compounds HCC-100360 and HCC-100416 appear to have the lowest mean % hERG inhibtion
values of the data set, at 39% and 30% respectively. From this is can be assumed that these
compounds that these compounds do not inhibit the hERG ion channel to a biologically
significant level. Compound HCC-100423 has a % inhibition value of 53% and may show a
biologically significant level of inhibition in terms of cardiotoxicity. The remaining compounds
in the data set all display a % inhibition of greater than 60%, which may be of biological
significance in terms of ion channel inhibition. Although there is a greater chance of
compounds which display a high % inhibition in initial screening assays inducing undesirable
outcomes regarding cardiotoxicity, this is ultimately determined by the final therapeutic dose.
This patch clamp assay was carried out at a concentration of 30 uM, which would be considered
a high concentration with regards to pharmaceutical compounds which allows for detailed data
to be collated and considered in terms of safety when considering the primary efficacy towards
the target molecule. hERG activity at a concentration of less than 10 uM is generally
acceptable, ideally compounds would have an ICso (half-maximal inhibitory concentration)
value for drug activation between 30- to 100-fold lower than the ICso value calculated for hRERG

activation.

3.4.2. Anti-Tuberculosis Activity

A series of compounds were also used in early-stage biological testing to screen their cytotoxic
activity towards M. tuberculosis using A. baumannii, M. smegmatis and M. bovis BCG (bacillus
Calmette-Guérin) as representative analogues in an endpoint resazurin assay. The resazurin
assay offers a simple, rapid, and sensitive measure for the viability of mammalian and bacterial

cells.?® Living cells are metabolically active and reduce the non-fluorescent dye resazurin to
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the strongly fluorescent product resorufin using mitochondrial reductase enzymes (Figure
3.31).2%! Samples are exposed to ultraviolet light (A = 560 nm) and the fluorescence output
recorded; this output is directly proportional to the number of viable cells in a given sample

over a wide range of concentrations.?*?
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Figure 3.31. The resazurin assay is used to measure the vuabiity of bacteria, living cells are metabolically active and reduce

the non-fluorescent resazurin dye to the highly fluorescent resorufin product in an NADPH dependent reduction process.

Alongside the resazurin assay, optical density (OD) measurements were used to determine cell
growth.?*3 Staphylococcus aureus, pseudomonas aeruginosa and klebsiella pneumoniae were
grown in liquid broth, using OD measurements with 600 nm light an appropriate concentration
of live cells (OD600 = 0.05) and were incubated with the novel library compounds at 37 °C
overnight. The % inhibition of cell growth was then measured against a positive control,
namely rifampicin or kanamycin to determine the effect of the novel compounds on cellular

metabolism, this was extrapolated from OD600 absorption measurements.

Using the CDD Vault software,?** 2% the results of both the resazurin assays and OD600
measurements were correlated. A combined total of 105 compounds were tested from the 4,6
and 5,6-bicyclic compound libraries and we plotted against the % inhibition of bacterial growth
in both the resazurin assay and using the OD600 measurements (Figure 3.32). The resultant

scatter plot was then filtered, removing data points which related to negative inhibition values,
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giving a collection of 42 bicyclic compounds which displayed inhibition of bacterial growth in

both the resazurin assay and through optical density measurements.

Inhibition of Bacterial Growth: % inhibition resazurin (%)

T T T T

Inhibition of Bacterial Growth: % inhibition OD600 (%)

Figure 3.32. 105 compounds from the 4,6-fused and 5,6-bridged scaffold sets were submitted for biological testing to

investigate their ability to inhibit bacterial growth.

As seen in Figure 3.33, the remaining compounds show a % inhibition value of 24% or less,
however, 26 compounds display a % inhibition of 10% or greater in both the OD600
measurements and the resazurin assay suggesting that these compounds may possess some
biological significance in terms of bacterial cytotoxicity and should be further investigated to

established ICso and minimum inhibitory concentration (MIC) values.
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Figure 3.33. 42 of the 105 compounds tested displayed inhbition in both the resazurin assay and the OD600 bacterial
growth measurement, the inhibition of bacterial growth suggeststhat these compounds are potential leads and shoulf be

submmitted for further biological studies.

In addition to bicyclic library compounds, several azetidine-containing compounds, produced
throughout the duration of the project, were also tested using OD600 and resazurin assays.
These compounds performed well in both assays, most notably HCC-100333 and HCC-
100344, both of which displayed considerable inhibition. HCC-100333 showed a 41%
inhibition of growth in the resazurin assay along with 21% inhibition based on OD600
measurements (Figure 3.34). In the resazurin endpoint assay, HCC-100344 inhibited 38% of
bacterial, it preformed equally well in the OD600 tests, inhibiting bacterial growth by 39%.
These results suggest that both compounds should be submitted for further study to establish

ICso and MICy9 values to establish their viability as targets towards anti-tuberculosis activity.
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Figure 3.34. A series of amino-azetidines were submitted for preliminary biological testing to investigate there ability to
inhibit bacterial growth. Seven compounds displayed inhibition in both the rezasurin assay as well as the OD600 bacterial
growth measurements with two compounds, HCC-100333 and HCC-100344, displaying particularly high inhibiton in both

assays. These compounds should be submitted for more detailed biological testing and optimisation studies.
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3.5 Summary of Results

A series of compound libraries were designed, with the aid of computational software, and
were subsequently synthesised in a parallel fashion. KNIME was used to create workflows
informing the final compound selection, SD files containing the undecorated scaffolds and all
the possible reactants were introduced to the workflow. In silico reactions were then preformed
to virtually create large groups of compounds which were then filtered according to a series of
pre-defined parameters. The Ro5 guidelines previously determined by Lipinski were used to
reduce the number of compounds in the set by removing compounds with a molecular weight
of greater than 500 Da, with a cLogP greater than 5, and more than 10 HBD and more than 5
HBA. The resultant set of compounds was the clustered using a hierarchical agglomerative
clustering methodology, allowing for the creation of a set of compounds which explores the
widest area of chemical space possible. The clustered set was sampled to create a representative

set which was then pushed forward for physical library synthesis.

Novel scaffolds were prepared on a multigram scale and reagents were added so as to facilitate
library generation in a parallel fashion. Library reactions were monitored using UPLC and were
subsequently purified using preparative HPLC resulting in over 100 novel compounds being
synthesised. The final library compounds were visualised and compared to pharmaceutical
compounds with similar molecular properties which are currently being marketed and were
visualised alongside these FDA approved compounds using principal component analysis. This
visual analysis shows that the novel compound collections synthesised occupy a different area
of chemical space than marketed drugs currently available, successfully fulfilling the

overarching aim of this project.
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A selection of compounds was evaluated through early-stage biological testing, a hERG
inhibition assay was used to identify potential issues with cardiotoxicity. Resazurin assays and
OD600 measurements were used to evaluate the effectiveness of these compounds at inhibiting
bacterial growth. These assays identified several compounds which may be of biological

significance in terms of bacterial cytotoxicity and should be submitted for additional studies.
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Chapter 4: Conclusion and Future Work
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4.1. Conclusion

Over the course of this project, an innovative method for the design, computational assessment,
and selection of novel compounds to populate underexplored and underutilised areas of
chemical space has been developed and subsequently utilised to create libraries of novel

bicyclic, heterocycle-containing compounds with a high degree of three dimensionality and

drug-like properties (Figure 4.1).

~ A Complex AND

Diverse

4,6-Fused Library 5,6-Bridged Library

Figure 4.1. Two novel scaffold moieties, the 4,6-fused and the 5,6-bridged scaffold, have been synthesised and have been
decorated to create two diverse compound libraries which are structurally complex and stereochemically diverse to
populate underexplored areas of chemical space. The novel compound libraries have been designed to be inherently drug-

like with a high degree of three-dimensionality.
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Previous work carried out within the JSF group, centred around the development of a robust
methodology for the creation of diastereoselective, 2,4-cis-azetidines, primarily with a benzylic
group decorating the 1-position. The work carried out within in this project allowed for the
scope of this work to be expanded further, enabling alkyl alcohol chains to be incorporated in
place of the benzylic group, allowing for new chemistries to be explored at this position. Amino
azetidines were prepared on a multigram scale in a high yield, while maintaining the previously

observed diastereoselectivity.

An overarching aim of this project was to utilise the previously developed method for cis-
azetidine synthesis for the development of a synthetic pathway towards novel, heterocycle-
containing scaffolds with a bicyclic core. Several possible routes and synthetic methodologies
were trialled as a means to achieving this aim. Reactions such as Buchwald-Hartwig C-N
aminations and metathesis, which are classically favoured in industrial settings due to their
robustness and high functional group tolerance were initially proposed as potential routes
towards three-dimensional scaffolds. However, these methods proven to be significantly
affected by steric and electronic effects making them unsuitable for scaffold development. The
introduction of an alkyl alcohol chain on the 1-position of the azetidine ring allowed new
chemistry to be employed at this position, Fukuyama-Mitsunobu reactions and Appel-type
chemistry provided the key elements for cyclisation to occur in a concerted manner. This
discovery allowed the generation of a novel 4,6-fused scaffold core in four steps, with the
serendipitous discovery of the corresponding 5,6-bridged scaffold, formed from the five-
membered iodo-pyrrolidine (Figure 4.2). These compounds were produced on a multigram
scale and were easily purified using normal phase flash chromatography. Both compounds
have a point of diversification and there is also potential for the groups on the aromatic ring to

be varied to allow for the creation of additional scaffolds. Both the 4,6-fused (4b) and the 5,6-
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bridged scaffold (5a) allow a wide range of chemical space to be accessed but the 5,6-bridged
example is thought to be the most promising from a drug discovery perspective as it has a more

three-dimensional configuration than the azetidine-derivied alternative.

NH NH
N F;C ﬁ)

F;C N

4b 5a

Figure 4.2. Two novel, bicyclic, N-heterocycle-containing scaffolds were synthesised for the creation of diverse compound
libraries. The 4,6-fused scaffold (4b) was derived from a 2,4-azetidine ring system and the 5,6-bridged system (5a) was

derived from a 2,4-pyrrolidine ring.

Following the successful synthesis of these novel scaffolds, open-source data analytics
software was employed for the evaluation and enumeration of potential library compounds.
KNIME was used to carry out in silico reactions between simple building blocks to create a
virtual representation of the bicyclic 4,6-fused and 5,6-bridged scaffolds which were then
computationally decorated with suitable reagents. This resulted in large sets of virtual
compounds, which were then filtered based on a predetermined set of parameters in order to
create smaller compound sets which possess drug-like properties in terms of molecular weight,
hydrogen bond donors and acceptors and LogP value. The remaining compounds were then
clustered, using a hierarchical, agglomerative clustering method, to sort compounds into groups
based on their distances from each other in space. These cluster groups were sampled so as to
simultaneously reduce the size of the compound library, while also ensuring that a wide range

of chemical space is being covered by the representative set.
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Compound libraries were synthesised to industry standard in a parallel fashion, these libraries
were composed of 34 amino azetidines, 79 decorated 4,6-scaffolds and 95 decorated 5,6-
scaffolds, resulting in a total of 208 novel compounds covering under exploited regions of
chemical space. Although this figure may seem insignificant when compared to libraries which
have been generated in a more combinatorial or high-throughput manner, which may contain
upwards of 200,000 individual compounds, however, these libraries were not designed with
the purpose of finding a hit towards a predefined target. Instead, the libraries designed and
constructed within this project were created to be synthetically enabled, so as to allow for

further elaboration, as required, in the future.
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Figure 4.3. A selection of compounds which have been identified as good inhibitors of bacterial growth through early-stage

biological screening from the amino-azetidine, 4,6-fused and 5,6-bridged library sets.

A selection of compounds from the final library sets were selected for early-stage biological
testing to identify any potential lead compounds. Library compounds were used in phenotypic
assays, namely the resazurin assay and ODgoo analysis, to determine their effectiveness with
regards to the inhibition of bacterial growth, several compounds were identified as good
inhibitors which warrants further, more detailed investigation (Figure 4.3). Both the ICso and

MICy9 values should be calculated, following on from these compounds can be tested in more

157



target-based assays, where the measured effect of the compound is directly dependant on a
known target or biological pathway. Owing to these results further development of the library
compounds may be necessary before progressing to more detailed toxicology and animal
studies. Previous work within the JSF group has yielded decorated azetidines which possess

246 preliminary studies on the compounds produced in this project

anti-tuberculosis activity,
yield similarly promising results. Several compounds have also been screened in primary
screens against vancomycin-resistant bacteria, the results of these studies show favourable
activity towards inhibition of gram-positive bacteria. Compounds generated as part of this
project have been specifically designed to incorporate “drug-like” molecular properties, and

thus are less lipophilic than previous hits which may allow for additional modes of action to be

investigated.

4=

- Approval application

- Drug registration

- - Continued monitoring &
- Phase [, Il & III trials adverse effect reporting

- Safety & Efficacy Studies

Clinical Development

- - - Pharmacokinetic
- In Vivo & In Vitro Assays Analysis
Earlv Drug Di - ADMET studies
{ . .
=ty g iscovery - Dose Range Finding

- Scaffold Development
- Library Generation

|

This Work

Figure 4.4. A project increases in commercial value as it progresses through the drug discovery pipeline, this project has
transversed early-stage drug discovery through the creation and decoration of the 4,6-fused and 5,6-bridged scaffold
moieties. Libraries compounds have been submitted for biological testing and several possible hits have been identified and

progressed for further testing and structural optimisation. Adapted from Sharma and co-workers.>*’
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Commercial value is added to a project as lead compounds move along the drug discovery
pipeline and progress from development to preclinical and clinical trials.?*® With this in mind
it can be said that the work conducted to develop bicyclic scaffold cores for drug discovery has
increased in value throughout the course of this project (Figure 4.4). Through the synthesis
and decoration of the isolated scaffolds a diverse collection of compounds has been generated
to explore a wide range of under-utilised chemical space. These compounds have been
subjected early-stage biological testing against tuberculosis models and vancomycin-resistant
bacteria, both of which have shown promising preliminary results suggesting that the
compounds synthesised as part of this work may continue to move along the drug discovery

pipeline, subject to their success in later stage evaluation.

Previous work in the JSF group developed a methodology towards the iodine-mediated
stereoselective synthesis of 2,4-cis-azetidine and 2,4-cis-pyrrolidine ring systems. Throughout
this project, the scope of this work has been expanded to introduce a series of new substituents
at the 1-position of the azetidine and pyrrolidine ring, allowing for new chemistry to be
explored and subsequently exploited for the creation of novel, bicyclic, N-heterocyclic scaffold
cores. The resultant scaffold cores were diversified through reaction with a series of building
blocks in a DOS-orientated fashion to create novel compound libraries which display a high
level of structural diversity and three-dimensionality (Figure 4.5). Additionally, compound
libraries have been designed to be possess inherently drug-like properties and have been

submitted for early-stage biological screening to identify potential lead compounds.
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Figure 4.5. Previous work in the JSF group developed a methodology towards the iodine-mediated stereoselective synthesis
of 2,4-cis-azetidine and 2,4-cis-pyrrolidine ring systems. Throughout this project, the scope of this work has been expanded
to introduce new substituents at the 1-position of the azetidine and pyrrolidine which were then subsequently exploited for
the creation of novel scaffolds. The newly developed scaffolds were decorated using a series of building blocks to create
diverse compound libraries which possessed a high degree of structural diversity and three-dimensionality to populate

underexplored areas of chemical space.
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4.2. Future Perspectives

The work discussed in this thesis has laid the groundwork for the development of new lead
compounds which explore under-populated areas of chemical space. However, there are
several areas which can be elaborated on in order to expand and improve the scope of this

work.

4.2.1. Exploration of Alternative Scaffold Cores

During the development of the 4,6-fused and 5,6-bridged scaffolds used in this project, it was
found that the iodine-mediated cyclisation of (2e), resulted in an unexpected major product
(66%) in place of the iodo-azetidine intermediate. It has been proposed that when the aromatic
ring is decorated with a nitro group in the 2-position, it is subject to nucleophilic attack by the
lone pair present on the secondary amine. This nucleophilic attack and subsequent electronic
rearrangement results in the formation of a stable bicyclic indazole-type intermediate. This
unexpected product was not explored as part of this work, and the indazole core is relatively
planar it does possess multiple points which would be suitable for orthogonal diversification,
with the additional possibility to perform an intramolecular Heck reaction to create a novel
multicyclic structure with a high degree of unsaturation. As such, some further evaluation in

terms of its’ potential as a drug scaffold may be of interest.
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Scheme 4.1. The discovery of an unexpected side product could be utilised as a new starting point for library generation as

the novel indazole-type compound possesses several points for orthogonal diversification.

4.2.2. Potential for Scaffold Variation

At present, only 1,2,4-cis-azetidines have been successfully synthesised by the iodine-mediated
ring closure method developed within the JSF group. With this in mind, further work to explore
the analogues of these compounds, namely 1,2,4-trans-azetidines and 1,2,3-substituted-
azetidines, both as single ring systems but also through transformation to their corresponding
bicyclic scaffold moieties. By creating three-dimensional, bicyclic scaffolds from such
analogues, via the method established within this project, additional areas of chemical space
may be explored and thus exploited through hit-to-lead development protocols, allowing for
the creation of the next generation of pharmaceutical agents, which possess a high degree of

three-dimensionality when compared to those currently available.

4.2.3. Alternative Cyclisation Procedures

Presently, the cyclisation of homoallylic amines to the corresponding azetidine or pyrrolidine
ring system is mediated using molecular iodine. Despite this method being chemically robust,
iodine is not environmentally benign. As such, the exploration of alternative methods of

cyclisation to minimise the cumulative environmental toxicity may be of interest. Preliminary
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results within the JSF group suggest that electrochemistry allows for the cyclisation of
homoallylic amines to pyrrolidine rings in the absence of iodine. These results suggest that

azetidine rings could be produced via the same method.

4.2.4. Potential for Alternative Applications

The scaffolds developed throughout the duration of this project were designed primarily for
use in drug discovery. However, it is proposed that the scope of project could be further
expanded by considering the alternative applications for which these scaffolds may be suitable.
The 4,6-fused and the 5,6-bridged scaffolds systems both possess a tertiary amine, with a
predicted pKa value of 9.3 and 8.6 respectively.?* The pKa of DABCO (1,4-
diazabicyclo[2.2.2]octane), which bears a degree of structural similarity to the scaffold
moieties, is 8.8. DABCO is commonly employed as a tertiary amine organcatalyst in Bayliss-
Hillman reactions and in the synthesis of polyurethane polymers. With this in mind, further
studies conducted on the 4,6-fused and 5,6-bridged systems may provide insight into the

possible uses for these scaffolds outside of traditional drug discovery.
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Chapter 5: Experimental
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5.1.  General Information

Reagents were purchased from commercial suppliers (Acros Organics, Combi-Blocksm Fisher
Scientific, VWR International) and were used without further purification. Anhydrous solvents
were prepared using a solvent purification system which is monitored by Karl-Fischer titration
to monitor water levels. Distilled solvents were stored in sealed round bottom flasks over 4 A
molecular sieves. Reactions carried out under anhydrous conditions were performed in an
argon atmosphere using glassware dried in a 200 °C oven, hot glassware was allowed to cool
under reduced pressure prior to use; liquids were added through a rubber septa. Reactions
which required heating were submerged in preheated paraffin oil baths or heated using an
aluminium mantle with an external temperature control probe. Reactions which required
cooling (0 °C) were submerged in an ice/water bath. Room temperature refers to the ambient
temperature at the time at which the reaction was carried out. Reactions were monitored using
thin-layer chromatography using Merck silica gel 60 Fzs4 (aluminium- or glass-supported)
plates, which were visualised using UV light (254 nm) and/or the standard visualising agents:
permanganate/A, vanillin/A, anisaldehyde/A, ninhydrin/A or iodine vapour. Flash
chromatography was carried out on Sigma Aldrich silica gel (60 A, 230400 mesh, 40—63 pum),
Interchim prepacked spherical silica columns (60 A, 30 um) or Biichi Flashpure silica columns
(irregular, 40 um) and were carried out manually or using CombiFlash® Rf 200i with UV
detection or BUCHI® Reveleris X2 using UV and ELSD detection. 'H-NMR and '3*C-NMR
experiments were recorded using Bruker Neo-400 (‘H = 400 MHz, '3C = 101 MHz), AVIII300
(H = 300 MHz), Bruker Avance or Bruker Avance II-Ultrashield 400 ('H = 400 MHz, 13C =
101 MHz) spectrometers at 295-300 K. '*C NMR spectra were recorded using the UDEFT,
JMOD or APT pulse sequence from the Bruker standard pulse program library. 2D NMR
spectra were recorded using the Bruker standard pulse program library. Chemical shifts (8) are

reported in parts per million (ppm), referenced to a residual solvent peak and coupling
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constants (J) are given in Hertz (Hz). Multiplicities are reported as: b (broad), s (singlet), d

(doublet), t (triplet), q (quartet) and m (multiplet), or some combination thereof. Infrared

spectra were recorded neat on an Agilent Cary 630 FTIR (ZnSe) with Diamond ATR and

wavelengths (v) are reported in cm™!. Mass spectra were obtained using Waters GCT Premier

(EI), Waters LCT (ES) or Waters Synapt (ES) spectrometers. LCMS analysis was preformed

using Agilent 1260 Bin. with G1312B pump:

SC BASE: DAD: Agilent G1315C, 210, 220 and 220-320 nm, PDA: 210-320 nm,
MSD MSD: Agilent LC/MSD G6130B ESI, pos/neg 100-1000; column: Waters
XSelectTM CSH C18, 30x2.1 mm, 3.5 um, Temp: 25 °C, Flow: 1 mL/min, Gradient:
t0 = 5% B, t1.6 min = 98% B, t3 min = 98% B, Posttime: 1.3 min, Eluent A: 10 mM
ammoniumbicarbonate in water (pH=9.5), Eluent B: acetonitrile; Rt = x.yy min, M+H
= xxX, xx% product.

SC_ACID: DAD: Agilent G1315D, 210, 220 and 220-320 nm, PDA: 210-320 nm,
MSD: Agilent LC/MSD G6130B ESI, pos/neg 100-1000, ELSD Alltech 3300 gas flow
1.5 ml/min, gas temp: 40 °C; column: Waters XSelectTM C18, 30x2.1 mm, 3.5 um,
Temp: 40 °C, Flow: 1 mL/min, Gradient: t0 = 5% B, t1.6 min = 98% B, t3 min = 98%
B, Posttime: 1.3 min, Eluent A: 0.1% formic acid in water, Eluent B: 0.1% formic acid

in acetonitrile: Rt = x.yy min, M+H = xxx, xx% product.

UPLC analysis was preformed using Waters IClass; Bin. with UPIBSM pump:

UPLC _SC ACID: PDA: UPPDATC, 210-320 nm, MS: QDA ESI, pos/neg 100-800;
column: Waters XSelect CSH C18, 50x2.1 mm, 2.5um, Temp: 40 °C, Flow: 0.6
mL/min, Gradient: t0 = 5% B, t1.3min = 98% B, t1.7min = 98% B, Posttime: 0.3 min,
Eluent A: 0.1% formic acid in water, Eluent B: 0.1% formic acid in acetonitrile: Rt =

X.yy min, M+H = xxx, xx% product.
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UPLC_SC BASE: PDA: UPPDATC, 210-320 nm, SQD: MS: QDA ESI, pos/neg 100-
800; column: Waters XSelect CSH C18, 50x2.1 mm, 2.5 um, Temp: 25°C, Flow: 0.6
mL/min, Gradient: t0 = 5% B, t1.3min = 98% B, t1.7min = 98% B, Posttime: 0.3 min,
Eluent A: 10mM ammonium bicarbonate in water (pH=9.5), Eluent B: acetonitrile: Rt
= x.yy min, M+H = xxx, xx% product.

UPLC_AN_ACID: PDA: UPPDATC, 210-320 nm, MS: QDA ESI, pos/neg 100-800;
column: Waters XSelect CSH C18, 50x2.1 mm, 2.5 um, Temp: 40 °C, Flow: 0.6
mL/min, Gradient: t0 = 5% B, t2.0min = 98% B, t2.7min = 98% B, Posttime: 0.3 min,
Eluent A: 0.1% formic acid in water, Eluent B: 0.1% formic acid in acetonitrile: Rt =
X.yy min, M+H = xxx, xx% product.

UPLC_AN BASE: PDA: UPPDATC, 210-320 nm, MS: QDA ESI, pos/neg 100-800;
column: Waters XSelect CSH C18, 50x2.1 mm, 2.5 um, Temp: 25 °C, Flow: 0.6
mL/min, Gradient: t0 = 5% B, t2.0min = 98% B, t2.7min = 98% B, Posttime: 0.3 min,
Eluent A: 10mM ammonium bicarbonate in water (pH=9.5), Eluent B: acetonitrile: Rt

= x.yy min, M+H = xxx, xx% product.

Preparative HPLC purification was carried out using Waters Modular Preparative HPLC

System with Waters XSelect (C18, 100x30 mm, 10 um) column and ACQ-SQD2 mass

spectrometry instrument:

Acid: flow: 55 ml/min prep pump; column temp: RT; eluent A: 0.1% formic acid in
water; eluent B: 100% acetonitrile, necessary gradient was determined from initial
LCMS analysis; detection: DAD (220-320 nm); detection: MSD (ESI pos/neg) mass
range: 100 — 800; fraction collection based on MS and DAD

Base (Ammonium Bicarbonate): flow: 55 ml/min prep pump; column temp: RT; eluent
A: 10mM ammonium bicarbonate in water pH=9.5, eluent B: 100% acetonitrile;

necessary gradient was determined from initial LCMS analysis; detection: DAD (220-
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320 nm); detection: MSD (ESI pos/neg) mass range: 100 — 800; fraction collection
based on MS and DAD.

e Base (Ammonia): flow: 55 ml/min prep pump; column temp: RT; eluent A: 100mM
ammonia in water, eluent B: 100% acetonitrile; necessary gradient was determined
from initial LCMS analysis; detection: DAD (220-320 nm); detection: MSD (ESI

pos/neg) mass range: 100 — 800; fraction collection based on MS and DAD

High-Resolution Mass Spectrometry (HRMS) was carried out using the LC-MS Q Exactive
Focus high resolution mass spectrometer (Thermo Scientific). Before starting the analyses, the
mass spectrometer is calibrated by infusion of a standard mixture using the syringe pump at 5
pl/min:

e Positive ion mode: Pierce calibration solution containing N-butylamine, caffeine,

MRFA and Ultramark 1621 (Thermo Fisher Scientific product nr. 88323).

e Negative ion mode: Pierce calibration solution containing sodium dodecyl sulfate,
sodium taurocholate, and Ultramark 1621 (Thermo Fisher Scientific product nr 88324).
Compound Analysis: A solution of the sample in acetonitrile with a concentration of 10 pg/ml
is prepared. 1 pl sample is injected and analysed using the HRMS method. The data are
acquired under full MS mode (resolution 70000 FWHM at 200 Da) over the mass range m/z
of 150 — 2000. Standard ESI conditions compatible with the flow rate are applied: spray
voltage 3.5 kV, auxiliary gas heater temperature 463 °C, capillary temperature 280 °C, sheath
gas 58, auxiliary gas 16, sweep gas 3, S-lens RF level 50. Mass resolution is set at 70000 (< 3
ppm mass accuracy). If needed, these conditions were optimized. Data are evaluated using

Xcalibur Qual Browser version 4.2.47 (Thermo Fisher).
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5.2. General Procedures

5.2.1. General Procedure A: Imine Synthesis

To a stirred solution of aldehyde (1.1 Eq) in ethanol (0.3 M) at room temperature, amine (1.0
Eq) was added as a single portion. The reaction mixture was heated to reflux for 1.5 hours,
solvent was removed in vacuo. The crude product was used in the next step without additional

purification

5.2.2. General Procedure B: Homoallylic Amine Synthesis

Allyl bromide (3.0 Eq) was added to a stirred suspension of zinc powder (3.2 Eq) in
tetrahydrofuran (0.3 M) at room temperature. Reaction mixture was stirred at room temperature
for 2 hours to form allylzinc bromide in situ. Imine (1.0 Eq) was then added in a controlled
manner to the reaction mixture, which was stirred at room temperature for 14 hours. The
reaction mixture was quenched with a saturated solution of sodium bicarbonate, the liquid was
then decanted off and the remaining precipitate was washed with ethyl acetate. The resultant
solution was partitioned between water and was washed with ethyl acetate and washed with
water and brine and dried over anhydrous magnesium sulfate. The solution was then filtered,
and volatile components were removed in vacuo. The resultant material was then purified by

column chromatography using Combiflash Rf200i or Revlaris system.

5.2.3. General Procedure C: Amino-azetidine Synthesis

To a solution of homoallylic amine (1.0 Eq) in acetonitrile (0.3 M), sodium bicarbonate (5.0

Eq) and iodine beads (3.0 Eq) were added. The reaction mixture was stirred at room
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temperature for 16 hours. Formation of iodoazetidine intermediate was confirmed using
LCMS. The result iodoazetidine was dissolved in dichloromethane (0.3 M) and stirred with an
amine (2.5 Eq) and triethylamine (3.0 Eq) at room temperature for 16 hours. Formation of the
desired product was confirmed using TLC analysis, volatile components of the reaction
mixture were removed in vacuo and rmaterial was then purified by column chromatography

using Combiflash Rf200i or Revlaris system.

5.2.4. General Procedure D: rac-(6,8-cis)-8-phenyl-1,4-diazabicyclo[4.2.0]octane Synthesis

(4,6-Fused Scaffold)

To a solution of homoallylic amine (1.0 Eq) in acetonitrile (0.3 M), sodium bicarbonate (5.0
Eq) and iodine beads (3.0 Eq) were added. The reaction mixture was stirred at room
temperature for 16 hours. Formation of iodoazetidine intermediate was confirmed using
LCMS. Reaction mixture was quenched with sodium thiosulphate solution, extracted with
ethyl acetate, and washed with water and brine. Volatile components were removed in vacuo
using a cool water bath (18-22 °C). Resultant material was then dissolved in N,N-
dimethylformamide and was stirred with sodium azide (1.2 Eq) at room temperature for 16
hours at room temperature. Formation of azido-azetidine was confirmed using LCMS, the
reaction mixture was extracted with ethyl acetate, and washed with water and brine. Organic
fractions were then combined and dried over anhydrous magnesium sulfate, volatiles were
removed in vacuo. The resultant material was then dissolved in tetrahydrofuran and stirred with
triphenylphosphine (2.6 Eq) at room temperate for 2 hours, water (20.0 Eq) was then added as
a single portion and the reaction mixture was stirred overnight. Reaction mixture was acidified
to pH 2 using HCI aq. solution (1.0 M) and extracted with ethyl acetate, aqueous layer was
collected and basified to pH 10 using NaOH solution (1.0 M) and was extracted with ethyl

acetate and washed with water and brine. Organic fraction was dried over anhydrous
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magnesium sulfate and volatile components were removed in vacuo. Material was then purified

using flash column chromatography

5.2.5. General Procedure E: rac-(1,5-cis,1,7-trans)-7-phenyl-1,4-diazabicyclo[3.2.1]octane

Synthesis (5,6-Bridged Scaffold)

To a solution of homoallylic amine (6.29 g, 25.5 mmol, 1.0 Eq) in acetonitrile (60 mL, 0.3 M),
sodium bicarbonate (6.52 g, 78 mmol, 5.0 Eq) and iodine beads (11.82 g, 46.6 mmol, 3.0 Eq)
were added. The reaction mixture was stirred at 50 °C for 16 hours. Formation of
iodopyrrolidine intermediate was confirmed using LCMS. Reaction mixture was quenched
with sodium thiosulphate solution, extracted with ethyl acetate, and washed with water and
brine. Volatile components were removed in vacuo using a cool water bath (18 — 22 °C).
Resultant material was then dissolved in N, N-dimethylformamide and was stirred with sodium
azide (600 mg, 9.62 mmol, 1.2 Eq) at room temperature for 16 hours at room temperature.
Formation of azidopyrrolidine was confirmed using LCMS, the reaction mixture was extracted
with ethyl acetate, and washed with water and brine. Organic fractions were then combined
and dried over anhydrous magnesium sulfate, volatiles were removed in vacuo. The resultant
material was then dissolved in tetrahydrofuran and stirred with triphenylphosphine (4.2 g, 15.8
mmol, 2.6 Eq) at room temperate for 2 hours, water (2.2 mL, 122 mmol, 20.0 Eq) was then
added as a single portion and the reaction mixture was stirred overnight. Reaction mixture was
acidified to pH 2 using 1.0 M HCI solution and extracted with ethyl acetate, aqueous layer was
collected and basified to pH 10 using 1.0M NaOH solution and was extracted with ethyl acetate
and washed with water and brine. Organic fraction was dried over anhydrous magnesium
sulfate and volatile components were removed in vacuo. Material was then purified using flash

column chromatography.
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5.2.6. General Procedure F: Azetidine Library Synthesis

To a solution of homoallylic amine (6.29 g, 25.5 mmol, 1.0 Eq) in acetonitrile (60 mL, 0.3M),
sodium bicarbonate (6.52 g, 78 mmol, 5.0 Eq) and iodine beads (11.82 g, 46.6 mmol, 3.0 Eq)
were added. The reaction mixture was stirred at room temperature for 16 hours. Formation of
the iodoazetidine intermediate was confirmed using LCMS, reaction mixture was quenched
with sodium thiosulfate, extracted with ethyl acetate, and washed with water and brine.
Volatiles were removed in vacuo, resultant material was redissolved in dichloromethane
(30mg/Iml) and portioned between reaction vessels containing the amine reactants (3.0 Eq)
and triethylamine (0.05 mL, 0.185 mmol, 3.0 Eq). Reaction mixtures were stirred at room
temperature using an orbital shaker for 24 hours. Reaction completion was determined using
UPLC analysis. Dichloromethane was removed from the reaction vessels using centrifugal
evaporation. Resultant materials were then redissolved in DMF (1 mL/vial) and purified using

waters preparative HPLC.

5.2.7. General Procedure G: 4,6 Library Synthesis

To a solution of homoallylic amine (2.4 g, 5.9 mmol, 1.0 Eq) in acetonitrile (20 mL, 0.3 M),
sodium bicarbonate (2.47 g, 29.5 mmol, 5.0 Eq) and iodine beads (4.49 g, 17.7 mmol, 3.0 Eq)
were added. The reaction mixture was stirred at room temperature for 16 hours. Formation of
iodoazetidine intermediate was confirmed using LCMS. Reaction mixture was quenched with
sodium thiosulphate solution, extracted with ethyl acetate, and washed with water and brine.
Volatile components were removed in vacuo using a cool water bath (18-22 °C). Resultant
material was then dissolved in N, N-dimethylformamide and was stirred with sodium azide (440
mg, 6.76 mmol, 1.2 Eq) at room temperature for 16 hours at room temperature. Formation of

azido-azetidine was confirmed using LCMS, the reaction mixture was extracted with ethyl
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acetate, and washed with water and brine. Organic fractions were then combined and dried
over anhydrous magnesium sulfate, volatiles were removed in vacuo. The resultant material
was then dissolved in tetrahydrofuran and stirred with triphenylphosphine (3.15g, 12.0 mmol,
2.6 Eq) at room temperate for 2 hours, water (1.6 mL, 92.0 mmol, 20.0 Eq) was then added as
a single portion and the reaction mixture was stirred overnight. Reaction mixture was acidified
to pH 2 using 1.0 M HCl solution and extracted with ethyl acetate, aqueous layer was collected
and basified to pH 10 using 1.0 M NaOH solution and was extracted with ethyl acetate and
washed with water and brine. Organic fraction was dried over anhydrous magnesium sulfate
and volatile components were removed in vacuo. Material was then purified using flash column

chromatography giving the free amine scaffold (4b) which was subsequently decorated:

Protocol for isocyanates, sulfonyl chlorides and acyl chlorides:

Reactants (2.5 Eq) were measured into labelled reaction vials. A solution of the 4,6-fused
scaffold (4b) was prepared in dichloromethane (30 mg/1 mL) and portioned into the reaction
vials (1 mL/vial), triethylamine (3.0 Eq) was then added to each reaction. Reaction mixtures
were stirred at room temperature using an orbital shaker for 24 hours. Reaction completion was
determined using UPLC analysis. Dichloromethane was removed from the reaction vessels
using centrifugal evaporation. Resultant materials were then redissolved in DMF (1 mL/vial)

and purified using waters preparative HPLC.

Protocol for Carboxylic Acids:

Reactants (1.0 Eq) were measured into labelled reaction vials. A solution of HOAt (1.3 mg,
9.25 umol, 0.1 Eq), EDCL.HCI (19.51 mg, 0.102 mmol, 1.1 Eq) and triethylamine (0.015 mL,
0.111 mmol, 1.2 Eq) was prepared in dichloromethane (0.5 mL/reaction) and was added to the

reaction vials. (4b) was dissolved in dichloromethane (30 mg/0.5 mL, 1.0 Eq) and was added
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to the reaction vials (1 mL, total reaction volume). Reaction mixtures were stirred at room
temperature for 24 hours using an orbital shaker. Reaction completion was confirmed using
UPLC analysis. Dichloromethane was removed from the reaction mixtures using a centrifugal

evaporator. Resultant material was redissolved in DMF and purified using preparative HPLC.

5.2.8. General Procedure H: 5,6 Library Synthesis

To a solution of homoallylic amine (2.39 g, 5.9 mmol, 1.0 Eq) in acetonitrile (20 mL, 0.3M),
sodium bicarbonate (2.47 g, 29.5 mmol, 5.0 Eq) and iodine beads (4.49 g, 17.69 mmol, 3.0 Eq)
were added. The reaction mixture was stirred at 50 °C for 16 hours. Formation of
iodopyrrolidine intermediate was confirmed using LCMS. Reaction mixture was quenched
with sodium thiosulphate solution, extracted with ethyl acetate, and washed with water and
brine. Volatile components were removed in vacuo using a cool water bath (18 — 22 °C).
Resultant material was then dissolved in N, N-dimethylformamide and was stirred with sodium
azide (440 mg, 6.76 mmol, 1.2 Eq) at room temperature for 16 hours at room temperature.
Formation of azido-pyrrolidine was confirmed using LCMS, the reaction mixture was extracted
with ethyl acetate, and washed with water and brine. Organic fractions were then combined
and dried over anhydrous magnesium sulfate, volatiles were removed in vacuo. The resultant
material was then dissolved in tetrahydrofuran and stirred with triphenylphosphine (3.15 g,
12.0 mmol, 2.6 Eq) at room temperate for 2 hours, water (1.6 mL, 92.0 mmol, 20.0 Eq) was
then added as a single portion and the reaction mixture was stirred overnight. Reaction mixture
was acidified to pH 2 using 1.0M HCI solution and extracted with ethyl acetate, aqueous layer
was collected and basified to pH 10 using 1.0 M NaOH solution and was extracted with ethyl
acetate and washed with water and brine. Organic fraction was dried over anhydrous

magnesium sulfate and volatile components were removed in vacuo. Material was then purified
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using flash column chromatography to give the free amine scaffold (Sa) which was

subsequently decorated:

Protocol for isocyanates, sulfonyl chlorides and acyl chlorides:

Reactants (2.5 Eq) were measured into labelled reaction vials. A solution of (5a) was prepared
in dichloromethane (30 mg/IlmL) and portioned into the reaction vials (1 mL/vial),
triethylamine (3.0 Eq) was then added to each reaction. Reaction mixtures were stirred at room
temperature using an orbital shaker for 24 hours. Reaction completion was determined using
UPLC analysis. Dichloromethane was removed from the reaction vessels using centrifugal
evaporator. Resultant materials were then redissolved in DMF (1 mL/vial) and purified using

preparative HPLC.

Protocol for Carboxylic Acids:

Reactants (1.0 Eq) were measured into labelled reaction vials. A solution of HOAt (1.3 mg,
9.25 umol, 0.1 Eq), EDCL.HCI (19.51 mg, 0.102 mmol, 1.1 Eq) and triethylamine (0.015 mL,
0.111 mmol, 1.2 Eq) was prepared in dichloromethane (0.5 mL/reaction) and was added to the
reaction vials. (5a) was dissolved in dichloromethane (30 mg/0.5 mL, 1.0 Eq) and was added
to the reaction vials (1 mL, total reaction volume). Reaction mixtures were stirred at room
temperature for 24 hours using an orbital shaker. Reaction completion was confirmed using
UPLC analysis. Dichloromethane was removed from the reaction mixtures using centrifugal

evaporation. Resultant material was redissolved in DMF and purified using preparative HPLC.

5.2.9. General Procedure I: Inhibition of Bacterial Growth
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An assay plate is created containing 5 pl of each drug at 800 uM in 80% DMSO. These will
be diluted 40x by addition of cells, leaving a final DMSO concentration of 2% and drug
concentrations of 20 uM. Bacterial strains are cultured until they reach mid-log growth (OD600
- 05). They are diluted to OD600 = 0.05 for addition into the assay plate. Then 195 puL of
diluted culture is added into the assay plate. The plate is then incubated for 24-hours at 37 °C.
For ESKAPE pathogens>,>** the OD600 is used a measure to determine growth/inhibition. For
Mycobacteria, resazurin is added to the cells, re-incubated for 3 or 24 hours and then the
fluorescence (ex-544, em-590), is used to determine inhibition.

Readout Definitions:

Name Data Type Unit Description
Fluorescence
(RFU) Normalised against
% inhibition Number positive and
. % negative controls
resazurin
0OD600 (ABS) Normalised against
Number

positive and
% inhibition OD600 % negative controls

5 ESKAPE pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella

pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species) are the
leading cause of nosocomial infections throughout the world and are high priority pathogens for the
identification of new inhibitors.
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5.3.Characterisation Data

5.3.1. Imines

53.1.1.  (E)-N-benzyl-1-phenylmethanimine (1a)

@N@ Prepared using General Procedure A: Benzylamine (0.12 mL, 1.1
mmol, 1.1 Eq), benzaldehyde (0.1 mL, 1.0 mmol, 1.0 Eq) and ethanol
(10 mL). Yellow oil, >99%, 540 mg. Data in agreement with the reported literature values.?!

'H NMR (300 MHz, Chloroform-d) & 8.39 (t, J 1.4 Hz, 1H, CHN), 7.82 — 7.73 (m, 2H, PhH),
7.44 —7.25 (m, 8H, PhH), 4.82 (d, J 1.4 Hz, 2H, PhCHy). *C NMR (101 MHz, Chloroform-
d) 5 162.1 (CH, CH=N), 139.3 (C, Ar), 136.2 (C, Ar), 130.8 (CH, Ar), 128.6 (CH, Ar), 128.5
(CH, Ar), 128.3 (CH, Ar), 128.0 (CH, Ar), 127.0 (CH, Ar), 65.1 (CHa, NCH,). MS TOF EI+

(m/z): 196.98 [M+H]+. FTIR vmax 3225, 1631.

5.3.1.2.  (E)-N-benzyl-1-(2-bromophenyl)methanimine (1b)

Prepared using General Procedure A: 2-Bromobenzaldehyde (1.1

(j/\ /\© mL, 9.2 mmol, 1.0 equiv.) and benzylamine (1.1 mL, 10.0 mmol, 1.1

Equiv) and ethanol (10 mL). Amber oil, >99%, 2.1 g. Data in

agreement with the reported literature values.?>?

'H NMR (300 MHz, Chloroform-d) & 8.75 (d, J 1.6 Hz, 1H, CHN), 8.07 (dt,J 7.7, 1.7 Hz,
1H, PhH), 7.53 (dd, J= 7.9, 1.4 Hz, 1H, PhH), 7.40 — 7.17 (m, 8H, PhH), 4.84 (d, J 1.5 Hz,
2H, PhCH>).*C NMR (101 MHz, chloroform-d) & 160.8, 138.9, 134.5, 133.0, 130.8, 128.9,

128.6, 128.0, 127.6, 127.1, 125.1, 65.2. MS TOF EI+ (m.z): 274.11 [M+]. FTIR vmax 1634.
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5.3.1.3.  (E)-N-(2-bromobenzyl)-1-phenylmethanimine (1c)

B
o ' Prepared using General Procedure A: Benzaldehyde (3.6 mmol, 1.0
N
g ﬁ equiv.), bromobenzylamine (4.3 mmol, 1.1 equiv.), and ethanol (10
mL). Amber oil, >99%, 1.1 g. Data in agreement with the reported literature values.?>

'H NMR (300 MHz, Chloroform-d) & 8.43 (t,J 1.5 Hz, 1H, CHN), 7.84 — 7.79 (m, 2H,

PhH), 7.61 — 7.56 (m, 1H, PhH), 7.48 — 7.41 (m, 4H, PhH), 7.31 (td, J 7.5, 1.3 Hz, 1H, PhH),
7.14 (td, J = 7.6, 1.8 Hz, 1H, PhH), 4.90 (s, 2H, PhCH).13C NMR (101 MHz, chloroform-d)
6 162.3,139.2,136.5, 132.9, 132.4, 131.3, 130.2, 129.1, 128.9, 128.7, 127.9, 123.9, 64.7. MS

TOF El+ (m.z): 274.11 [M+]. FTIR vmax 1644.

53.1.4.  (E)-N-(3.4-dimethoxybenzyl)-1-phenylmethanimine (1d)

@N /\C[O\ Prepared using General Procedure A: Benzyaldehyde (1.0 mL,
0~ 9.8 mmol, 1.0 Eq), 3,4-dimethoxybenzylamine (1.7 mL, 11
mmol, 1.1 Eq) in ethanol (10 mL). Yellow oil, >99%, 2.8g. Data in agreement with the

reported literature values.?>?

'H NMR (400 MHz, Chloroform-d) & 8.38 (t, J 1.4 Hz, 1H, CHN), 7.81 — 7.74 (m, 2H, PhH),
7.46 —7.37 (m, 3H, PhH), 6.89 — 6.81 (m, 3H, PhH), 4.76 (dd, J 1.4, 0.7 Hz, 2H, PhCH>), 3.88
(s, 3H, OCHs), 3.87 (s, 3H, OCHs). 3C NMR (101 MHz, Chloroform-d) § 161.8, 130.8, 128.6,
128.3, 120.2, 111.42, 111.3, 64.6, 55.9, 55.89. MS TOF EI+ (m/z): 336.12 [M+H]+. FTIR

vmax 1610, 1127.
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5.3.1.5.  (E)-1-(2-bromophenyl)-N-(3 4-dimethoxybenzyl)methanimine (1e)

Prepared using General Procedure A: 2-Bromobenzaldehyde

©/\ /\@ (7.4 mmol, 1.0 Eq),3,4-dimethoxybenzylamine (8.1 mmol, 1.1

equiv.) and EtOH (10mL), Golden yellow oil, >99%, 2.5g.

'"H NMR (300 MHz, Chloroform-d) & 8.75 (s, 1H, PhH), 8.05 (dd, J 7.7, 2.0 Hz, 1H, PhH),
7.60 —7.54 (m, 1H, , PhH), 7.37 — 7.27 (m, 2H, PhCH=N), 6.91 — 6.84 (s, 2H, PhCH>N ), 4.80
(s, 3H), 3.89 (s, 3H. OCH3), 3.87 (s, 3H, OCH;3). 3C NMR (101 MHz, Chloroform-d) & 160.9,
132.9,131.6, 130.2, 128.9, 127.5, 104.1, 98.5, 59.3, 55.4. MS TOF EI+ (m/z): 336.12 [M+H]+.

FTIR vmax 1610, 1206, 753.

5.3.1.6.  (E)-1-(2-bromophenyl)-N-(2 4-dimethoxybenzyl)methanimine (1f)

Br o~ Prepared using General Procedure A: 2-Bromobenzaldehyde
NS
©/\N/\©\ (0.87 mL, 7.4 mmol, 1.0 Eq), 2,4- dimethoxybenzylamine (1.2
O/
mL, 8.1 mmol, 1.1 equiv.) in 10 mL of EtOH. Golden yellow

oil, >99%, 2.4g. Data in agreement with the reported literature values.?>*

"H NMR (400 MHz, Chloroform-d) & 8.72 (s, IH, CHN), 8.04 (dd, J 7.8, 1.5 Hz, 1H, PhH),
7.55(dd,J 7.8, 1.5 Hz, 1H, PhH), 7.32 (tdd,J 7.8, 1.3, 0.7 Hz, 1H, PhH), 7.27 - 7.19 (m, 2H,
PhH), 6.51 — 6.46 (m, 2H, PhH), 4.80 (d, J 1.4 Hz, 2H, PhCH>), 3.83 (s, 3H, OCH3), 3.81 (s,
3H, OCH3). 3C NMR (101 MHz, Chloroform-d) § 160.9, 132.9, 131.6, 130.2, 128.9, 127.5,

104.1, 98.5, 59.3, 55.4. MS TOF El+ (m/z): 334.22 [M]+. FTIR vmax 1610, 1286, 1262.
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5.3.1.7.  (E)-N-(3.,5-bis(trifluoromethyl)benzyl)-1-(2-bromophenyl)methanimine (1g)

Br Prepared using General Procedure A: 2-Bromobenzaldehyde
X CF,
@NU (0.28 mL, 2.4 mmol, 1.0 Eq), 3,5-
CF; bis(trifluoromethyl)benzylamine (0.65 g, 2.6 mmol, 1.1 equiv.)

in 10 mL of EtOH, heated to reflux for 1 h. The resultant product was analytically pure and

was used without further purification. Opaque white oil, >99%, 1.4g.

'"H NMR (400 MHz, Chloroform-d) & 8.85 (s, 1H, CHN), 8.09 (m, 1H, PhH), 7.85 (m, 2H,
PhH), 7.80 (m, 1H, PhH), 7.63 — 7.58 (m, 1H, PhH), 7.41 — 7.28 (m, 2H, PhH), 4.96 (d,J 1.4
Hz, 2H, PhCH>). 3C NMR (101 MHz, Chloroform-d) & 162.5, 141.8, 133.2, 132.4, 128.9,

128.0, 127.8, 63.8. MS TOF EI+ (m/z): 410.2 [M]+. FTIR vmax 1697, 681.

5.3.1.8.  (E)-1-(3.,5-bis(trifluoromethyl)phenyl)-N-(2-bromobenzyl)methanimine (1h)

Br  Prepared using General Procedure A: 3,5-
\E;A Bis(trifluoromethyl)benzaldehyde (0.88 mL, 5.4 mmol, 1.0
CF, Eq), 2- bromobenzylamine (1.0 g, 5.4 mmol, 1.1 equiv.) in 10
mL of EtOH. The resultant product was analytically pure and was used without further

purification. Yellow oil, >99%, 2.2.g.

'H NMR (400 MHz, Chloroform-d) & 8.47 (s, 1H, CHN), 8.26 — 8.23 (m, 2H, PhH), 7.94 (m,
1H, PhH), 7.60 (dd, J 8.0, 1.2 Hz, 1H, PhH), 7.42 (m 1H, PhH), 7.34 (td, J 7.5, 1.3 Hz, 1H,
PhH), 7.18 (m, 1H, PhH), 4.97 (d, J 1.6 Hz, 2H, PhCH). ¥C NMR (101 MHz, Chloroform-
d) 5 159.5, 137.9, 137.5, 132.9, 130.2, 128.9, 127.8, 123.9 64.16. MS TOF EI+ (m/z): 410.1

[M]+. FTIR vmax 1638, 1276, 681
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53.1.9.  (E)-N-(2-bromobenzyl)-1-(4-nitrophenyl)methanimine (1i)

gy  Prepared using General Procedure A: 4-Nitrobenzaldehyde (3.0

/©/§ N/\© g, 19.8 mmol, 1.0 Eq), 2-Bromobenzylamine (2.74 mL, 21.8
O,N

2 mmol, 1.1 equiv.) in 25 mL of EtOH, heated to reflux for 30
min. The resultant solid was recrystallised from hot EtOH and was analytically pure and was

used without further purification. White, needle-like crystals, 82%, 5.2 g.

'H NMR (400 MHz, Chloroform-d) & 8.49 (s, 1H, CHN), 8.31 —7.94 (m, 2H, PhH), 7.60 (dd,
J 8.0, 1.2 Hz, 1H, PhH), 7.42 (dd, J 7.6, 1.8 Hz, 1H, PhH), 7.33 (td, J 7.6, 1.4 Hz, 1H, PhH),
7.17 (td, J 7.6, 1.4 Hz, 1H, PhH), 4.98 — 4.94 (m, 2H, PhCHy). 3C NMR (101 MHz,
Chloroform-d) & 160.5, 147.5, 132.8, 130.0, 129.0, 128.9, 127.7, 123.9, 64.4. MS TOF EI+

(m/z): 318.9 [M]+
5.3.1.10. (E)-N-(2-bromobenzyl)-1-(2-nitrophenyl)methanimine (1j)

NO, Br  Prepared using General Procedure A: 2-Nitrobenzaldehyde (4.0 g,
X
@ﬁN/\ﬁj 26.5 mmol, 1.0 Eq), 2-Bromobenzylamine (3.70 mL, 29.4 mmol, 1.1
equiv.) in 15 mL of EtOH, heated to reflux for 30 min. The resultant solid was analytically
pure and was used without further purification. Orange crystalline solid, >99%, 8.5 g. Data in

agreement with the reported literature values.?>

'H NMR (400 MHz, Chloroform-d) & 8.85 (d, J 1.6 Hz, 1H, CHN), 8.09 (ddd, J35.2, 7.9,
1.4 Hz, 2H, PhCH?2), 7.71 — 7.66 (m, 1H, PhCH2), 7.60 (dt, J 7.8, 1.2 Hz, 2H, PhCH?2), 7.43
(dd, J 7.6, 1.4 Hz, 1H, PhCH2), 7.33 (td, J 7.6, 1.5 Hz, 1H, PhCH2), 7.16 (td, J 7.7, 1.8 Hz,
1H, PhCH2), 4.97 (d, J 1.6 Hz, 2H, PhCH>). *C NMR (101 MHz, Chloroform-d) § 160.4,

132.8,129.9, 129.0, 128.9, 127.7, 123.9, 64.4. MS TOF EI+ (m/z): 319.0 [M]+
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5.3.1.11.  (E)-2-((3,5-bis(trifluoromethyl)benzylidene)amino)ethan-1-ol (1k)

FiC \N/\/OH Prepared using General Procedure A: 3,5-
\©/\ Bis(trifluoromethyl)benzaldehyde (2.72 mL, 16.5 mmol, 1.0 Eq),
r ethanolamine (1.1 mL, 5.2mmol, 1.1 equiv.) in 50 mL of EtOH.
The resultant product was analytically pure and was used without further purification.

Colourless oil, >99%, 4.7.g.

'H NMR (400 MHz, Chloroform-d) & 7.81 (s, 2H), 7.78 (s, 1H), 5.70 (dddd, J 16.8, 10.5, 7.9,
6.3 Hz, 1H), 5.16 — 5.08 (m, 2H), 3.85 (dd, J 7.7, 5.9 Hz, 1H), 3.71 — 3.58 (m, 2H), 2.70
(ddd, J 12.3, 6.5, 3.7 Hz, 1H), 2.54 (ddd, J 12.3, 6.4, 3.9 Hz, 1H), 2.49 — 2.37 (m, 2H). 1*C
NMR (101 MHz, Chloroform-d)  159.8, 128.1, 126.7, 124.1, 63.2, 62.1. MS TOF EI+
(m/z): 286.1 [M+H]+

5.3.1.12. (E)-2-((4-nitrobenzylidene)amino)ethan-1-ol (11)

S ~_OH Prepared using General Procedure A: 4-Nitrobenzaldehyde (4.0
N
o N/©/\ g, 26.5 mmol, 1.0 Eq), ethanolamine (1.8 mL, 29.1 mmol, 1.1
2
equiv.) in 50 mL of EtOH. The resultant product was analytically pure and was used without
further purification. Pale yellow oil, >99%, 5.1g. Data in agreement with the reported

literature values.>°

'H NMR (400 MHz, Chloroform-d) & 8.45 (d, J 1.5 Hz, 1H, CHN), 8.31 — 8.26 (m, 2H, 3- &
5-H CeHaNOy), 7.95 — 7.90 (m, 2H), 3.96 (t, J 4.7 Hz, 2H, NHCH>CH,), 3.91 — 3.81 (m, 2H
NHCH,CHs), 1.57 (s, 1H, CHNH). 3C NMR (101 MHz, Chloroform-d) 5 160.7, 128.9, 127.2,

123.9, 123.6, 63.4, 62.2. MS TOF EI+ (m/z): 195.1 [M+H]+
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5.3.1.13. (E)-N-(2,2-dimethoxyethyl)-1-(4-nitrophenyl)methanimine (1m)

/@/%Nﬁ/o\ Prepared using General Procedure A: 4-Nitrobenzaldehyde (1.5
O,N O~ g, 9.9 mmol, 1.0 Eq), aminoacetalaldehyde dimethyl acetal (1.2

mL, 10.9 mmol, 1.1 equiv.) in 25 mL of EtOH. The resultant product was analytically pure and
was used without further purification. Pale yellow oil, >99%, 2.3g. Data in agreement with the

reported literature values.?’

'H NMR (400 MHz, Chloroform-d) & 8.37 (d, J 1.6 Hz, 1H, ArCHN), 8.31 — 8.23 (m, 2H, 3-
& 5-H CeH4(NO»)), 7.96 — 7.88 (m, 2H, 2- & 6-H CeHs(NO»)), 4.70 (t, J 5.3 Hz, 1H,
CH(CHs)), 3.84 (dd, J 5.3, 1.4 Hz, 2H, NCH>CH), 3.43 (s, 6H, OCHs). MS TOF El+ (m/z):

329.2.
5.3.2. Homoallylic Amines
53.2.1.  N-(2-bromobenzyl)-1-phenylbut-3-en-1-amine (2a)

| Prepared using General Procedure B: Imine 1¢ (3.0g, 9.7 mmol, 1.0

Br

Eq), zinc (dust, 2.5g, 39.0 mmol, 4.0 Eq), allyl bromide (2.5 mL, 29.0
ﬁﬁ mmol, 3.0 Eq) in THF (15 mL, 0.3 M). Colourless oil, 1.58g, 52%
'"H NMR (300 MHz, Chloroform-d) & 7.53 (dt, J 7.9, 0.8 Hz, 1H, PhH), 7.40 — 7.07 (m, 8H,
PhH), 5.77 - 5.62 (m, 1H, CH2CHCH>), 5.13 — 5.03 (m, 2H, CHCH>), 3.74 (d, J 13.8 Hz, 1H),
3.65 (d, J 2.0 Hz, 1H), 2.48 — 2.31 (m, 2H, NHCH-Ph), 2.07 (brs, 1H, NH). 13C NMR (101
MHz, Chloroform-d) & 144.1 (C, Ar), 139.8 (C, Ar), 135.8 (CH, CH.CHCH>), 133.3 (CH, Ar),

131.2 (CH, Ar), 129.0 (CH, Ar), 128.8 (CH, Ar), 127.8 (CH, Ar), 127.7 (CH, Ar), 127.6 (CH,
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Ar), 124.5 (CH, Ar), 118.2 (CH2, CH2CH2CH), 61.4 (CH, PhCHNH), 51.5 (CH2, NHCH>),

43.4 (CHa, PhACHCH,). MS TOF EI+ (m/z): 317.2 [M+H]+.

5.3.2.2.  N-(3,5-bis(trifluoromethyl)benzyl)-1-(2-bromophenyl)but-3-en-1-amine (2b)

| Prepared using General Procedure B: Imine 1g (1.0 g, 2.4 mmol,

T . CF, 1.0 Eq), zinc (dust, 560 mg, 8.5 mmol, 3.5 Eq), allyl bromide (630
H/\©/ pL, 7.3 mmol, 3.0 Eq) in THF (8 mL). Colourless oil, 930 mg,

s 85%.

'"H NMR (400 MHz, Chloroform-d) 8§ 7.73 (s, 3H, PhH), 7.54 (ddd, J 9.3, 7.9, 1.5 Hz, 2H,
PhH), 7.33 (td, J 7.6, 1.3 Hz, 1H, PhH), 7.11 (ddd, J 8.0, 7.3, 1.8 Hz, 1H, PhH), 5.78 (m, 1H,
CH2CHCHy), 5.16 — 5.09 (m, 2H, CHCH>), 4.20 (dd, J 8.7, 4.6 Hz, 1H), 3.73 (d, /2.9 Hz, 2H),
2.56 — 2.46 (m, 1H, CHCH,CH), 2.34 — 2.24 (m, 1H, CHCH.CH). 3C NMR (101 MHz,

Chloroform-d) 6 143.1, 141.7, 134.8, 133.0, 128.7, 128.1, 127.8, 124.1, 120.8, 118.3, 60.1,

50.8, 41.4. MS TOF EI+ (m/z): 452.2 [M]+. FTIR vmax 1281, 1135.

5.3.2.3.  1-(3,5-bis(trifluoromethyl)phenyl)-N-(2-bromobenzyl)but-3-en-1-amine (2¢)

| Prepared using General Procedure B: Imine 1h (1.0g, 2.4 mmol,
Br

F,C 3.0 Eq), zinc (dust, 550 mg, 8.5 mmol, 3.5 Eq), allyl bromide (630
N
H

pL, 7.3 mmol, 3.0 Eq) in THF (anhydrous, 5 mL, 0.3M).

CF; )
Colourless oil, 830 mg, 83%

'H NMR (400 MHz, Chloroform-d) & 7.87 (s, 1H, PhH), 7.78 (s, 1H, PhH), 7.53 (dd, J 7.9,

1.3 Hz, 1H, PhH), 7.28 — 7.23 (m, 1H, PhH), 7.19 — 7.10 (m, 1H, PhH), 5.73 — 5.61 (m, 1H,
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PhCHNH), 5.15 — 5.06 (m, 2H, NHCH:Ph), 3.79 (dd, J 8.5, 5.2 Hz, 2H, NHCH:Ph), 3.66 (dd,
J 13.4, 2.8 Hz, 2H, CHCH,CH), 1.87 (s, 1H, br s). 3C NMR (101 MHz, Chloroform-d) &
133.9, 133.0, 132.9, 130.8, 130.7, 129.8, 127.7, 127.5, 119.0, 60.9, 51.8, 43.2. MS TOF EI+

(m/z): 452.0 [M]+. FTIR vmax 1640, 1277, 682.

53.2.4.  N-(2-bromobenzyl)-1-(4-nitrophenyl)but-3-en-1-amine (2d)

| Prepared using General Procedure B: Imine 1i (4.0g, 12.5
Br

mmol, 1.0 Eq), zinc (dust, 2.9g, 43.9 mmol, 3.5 Eq), allyl
N
H
O.N bromide (3.3 mL, 37.6 mmol, 3.0 Eq) in THF (anhydrous, 20
2
mL). White fluffy solid, 4.53g, 58%.

"H NMR (400 MHz, Chloroform-d) & 8.24 — 8.19 (m, 8H, PhN & PhBr), 5.72 — 5.61 (m, 1H,
CH,CHCH3), 5.12 - 5.05 (m, 2H, CHCH>»), 3.77 (dd, J 8.1, 5.4 Hz, 2H, CHCH-CH), 3.66 (dd,
2H, NHCH->Ph). 13C NMR (101 MHz, Chloroform-d) & 134.1, 133.0, 130.5, 128.9, 128.2,

127.4,123.7,118.7, 60.9, 51.7, 43.01. MS TOF EI+ (m/z): 361.0 [M]+

5.3.2.5.  N-(2-bromobenzyl)-1-(2-nitrophenyl)but-3-en-1-amine (2e)

Prepared using General Procedure B: Imine 1j (1.5g, 4.7 mmol, 1.0
Br

Eq), zinc (dust, 1.1g, 14.0 mmol, 3.5 Eq), allyl bromide (1.2 mL, 16.5
N
H

mmol, 3.0 Eq) in THF (anhydrous, 15 mL, 0.3M). Colourless oil, 240

mg, 14%.

'H NMR (400 MHz, Chloroform-d) 8 7.97 (dd, J 7.9, 1.4 Hz, 1H, PhH), 7.81 (dd, J 8.1, 1.4

Hz, 1H, PhH), 7.65 — 7.59 (m, 1H, PhH), 7.51 (dd, J 7.9, 1.4 Hz, 1H, PhH), 7.39 (ddd, J 8.5,
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7.4,1.4 Hz, 1H, PhH), 7.22 (dd, J= 7.5, 1.3 Hz, 1H, PhH), 7.17 — 7.08 (m, 1H, PhH), 5.82 —
5.70 (m, 1H, CH,CHCHa), 5.15 — 5.08 (m, 2H, CHCHs), 4.19 (dd, J 8.9, 4.0 Hz, 1H,
CHCH,CH), 3.61 (dd, J 8.9, 4.0 Hz, 1H, CHCH>CH), 2.66 — 2.59 (m, 1H), 2.29 (dt, J 14.0,
8.8 Hz, 1H), 1.56 (br s, 1H, NH). 3C NMR (101 MHz, Chloroform-d) & 142.4 (ArC), 140.4
(ArC), 135.0 (ArC), 132.6 (CH,CHCH,), 128.7 (ArCH), 128.7 (ArCH), 128.6 (ArCH), 128.5
(ArCH), 128.4 (ArCH), 128.1 (ArCH), 128.1 (ArCH), 126.9 (ArCH), 117.9 (CHCH,), 114.4
(ArC), 60.9 (CHCH,CH), 51.4 (NHCH>Ar), 43.1 (CH,CHCH,). MS TOF EI+ (m/2): 361.0

[M]+

5.3.2.6.  N-benzyl-1-(2-bromophenyl)but-3-en-1-amine (2f)

| Prepared using General Procedure B: Imine 1b (2.0g, 7.3 mmol, 1.0

Br
Eq), zinc (dust, 2.9g, 29.2 mmol, 3.5 Eq), allyl bromide (1.9 mL, 22.0

N
H
/\© mmol, 3.0 Eq) in THF (12.0 mL, 0.3 M). Yellow oil, 720 mg, 30%.

Data in agreement with the reported literature values.**

'"H NMR (400 MHz, Chloroform-d) & 7.54 — 7.51 (m, 1H, PhH), 7.40 — 7.32 (m, 4H, PhH),
7.30—7.22 (m, 3H, PhH), 7.14 - 7.08 (m, 1H, PhH), 5.75 - 5.64 (m, 1H, CH.CHCH>), 5.12 —
5.04 (m, 2H, CHCH>), 3.76 — 3.69 (m, 1H, PhCHNH), 3.67 — 3.60 (m, 2H, NHCH-Ph), 2.47 —
2.33 (m, 2H, CHCH>), 1.79 (br s, 1H, NH). 3C NMR (101 MHz, Chloroform-d) & 143.6 (C,
Ar), 139.3 (C, Ar), 135.4 (CH, CH2CHCHz»), 132.9 (CH, Ar), 128.6 (CH, Ar), 128.4 (CH, Ar),
127.4 (CH, Ar), 127.3 (CH, Ar), 127.2 (CH, Ar), 117.9 (CH;, CH.CH2CH), 61.3 (CH,

PhCHNH), 51.6 (CH2, NHCH,Ph), 43.3 (CH,CH,). MS TOF EI+ (m/2): 317.2 [M+H]+
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53.2.7.  1-(2-bromophenyl)-N-(2,4-dimethoxybenzyl)but-3-en-1-amine (2g)

| Prepared using General Procedure B: Imine 1f (1.1g, 3.3 mmol,
~

Br O
/\@\ 1.0 Eq), zinc (dust, 750mg, 12.0 mmol, 3.5 Eq), allyl bromide
N
H
o~ (850 uL, 9.9 mmol, 3.0 Eq) in THF (10 mL). Yellow oil, 850 mg,

88%.

'H NMR (400 MHz, Chloroform-d) & 7.68 (dd, J 7.8, 1.8 Hz, 1H, PhH), 7.53 (dd, J 7.9, 1.3
Hz, 1H, PhH), 7.37 — 7.30 (m, 1H, PhH), 7.10 (ddd, J 8.0, 7.3, 1.8 Hz, 1H, PhH), 6.99 (d, J 8.1
Hz, 1H, PhH), 6.45 — 6.36 (m, 2H, PhH), 5.72 (m, 1H, CH,CHCH,), 5.10 — 5.01 (m, 2H,
CHCH,), 4.16 — 4.09 (m, 1H, NHCH>Ph), 3.80 (s, 3H, OCH:), 3.78 (s, 3H, OCHz), 3.62 (d, J
13.1 Hz, 1H, PhCHNH), 3.42 (d, J 13.1 Hz, 1H, NH). 3C NMR (101 MHz, Chloroform-d) 3
160.4, 158.9, 143.2, 135.7, 133.2, 130.9, 129.0, 128.6, 127.9, 124.6, 121.3, 117.9, 104.1, 98.9,

59.6, 55.8, 55.6,47.2,41.8. MS TOF EI+: 376.26 [M+]. FTIR vmax 2936, 1613, 1208.

5.3.2.8.  N-(2,2-dimethoxyethyl)-1-(4-nitrophenyl)but-3-en-1-amine (2h)

| Prepared using General Procedure B: Imine 1m (2.5 g, 10.5
mmol, 1.0 Eq), zinc (dust, 2.1 g, 31.5 mmol, 3.5 Eq), allyl
0N ~ bromide (2.7. mL, 31.5 mmol, 3.0 Eq) in THF (20 mL). Yellow

oil, 1.4g, 48%.

'H NMR (400 MHz, Chloroform-d) & 8.21 — 8.17 (m, 2H, 3- & 5-H CsHa(NO2)), 7.52 — 7.49
(m, 2H, 2- & 6-H CeHy(NOo)), 5.75 — 5.63 (m, 1H, CH,CHCH,), 5.13 — 5.04 (m, 2H,
CH,CHCHb), 4.41 (dd, J 6.1, 4.7 Hz, 1H, CH(CHs),), 3.77 (t, J 6.7 Hz, 1H, CHCH,CH), 3.36

(s, 3H, CHs), 3.31 (s, 3H, CH3), 2.59 (dd, J 12.1, 6.1 Hz, 1H, NHCHHCH(OCH3),), 2.48 (dd,
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J 12.1, 6.1 Hz, 1H, NHCHHCH(OCH;),), 2.42 — 2.34 (m, 2H, CHCH,CH). 1*C NMR (101
MHz, Chloroform-d) § 151.7 (1-C CeHa(NO»)), 147.2 (4-C CeH4(NO,)), 134.1 (CH,CHCH,),
128.0 (2- & 6-C CsH4(NO2)), 123.7 (3- & 5-C CeHa(NO»)), 118.6 (CH,CHCHa), 103.6
(CH(CHa)), 62.2 (CHCH,CH), 53.9 (CHs), 53.8 (CHs), 49.0 (NHCH,CH(OCH:),), 42.8

(CH,CHCH,). MS TOF EI+: 281.2 [M+H]+.

5.3.29.  2-((1-(3,5-bis(trifluoromethyl)phenyl)but-3-en-1-yl)amino)ethan-1-ol (2i)

| Prepared using General Procedure B: Imine 1k (8.25g, 28.9
mmol, 1.0 Eq), Zinc (dust, 6.05g, 93 mmol, 3.2 Eq) and allyl

F;C E/\/OH
bromide (7.51 mL, 87 mmol. 3.0 Eq) in THF (100ml). Colourless

CF, .
oil, 8.16 g, 86%.

'H NMR (400 MHz, Chloroform-d) & 7.82 (s, 2H, Ar 2- & 6-H CsH3(CF3)y), 7.78 (s, 1H, Ar
4-H C¢H3(CF3)), 5.76 — 5.64 (m, 1H, CHyCHCH,), 5.15 — 5.08 (m, 2H, CH,CHCH>), 3.87 (1,
J 6.8 Hz, 1H, ArCCHNH), 3.69 (ddd, J 10.2, 6.4, 3.8 Hz, 1H, NHCH,CHHOH), 3.62 (ddd, J
10.2, 6.4, 3.9 Hz, 1H, NHCH,CHHOH), 2.71 (ddd, J 12.3, 6.4, 3.8 Hz, 1H, NHCHHCH,OH),
2.56 (ddd, J 12.3, 6.4, 3.9 Hz, 1H, NHCHHCH,O0H), 2.49 — 2.43 (m, 2H), CHCH,CH, 2.40 (s,
1H, NH). 3C NMR (101 MHz, Chloroform-d) § 146.2 ( + , 1-C CeHs(CFs),), 133.6 ( - ,
CH>CHCH.), 131.8 (+, q, J 33.4 Hz, C(CF3)), 127.5, ( - , 2- & 6-CH C¢H3(CF3)2), 123.4 (+
, q, J 272.3 Hz, C(CF3)2), 121.4 ( -, 4-CH CeH3(CF3)), 119.1 (+, CHsCHCHy), 61.9 ( -,
ArCCHNH), 61.3 ( + , NHCH,CH,OH), 49.2 ( + , NHCH,CH,OH), 42.5 ( + , CHCH.CH).

MS TOF EI+ (m/z): 328.1 [M+H]+
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5.3.2.10.  2-((1-(3,5-bis(trifluoromethyl)phenyl)but-3-en-1-yl)amino)ethyl methanesulfonate

(2j)
| A solution of Homoallylic amine 2i (5.81g, 17.75 mmol. 1.0
Eq) was prepared in DCM (100 mL, 0.18 M) and was cooled
F\C ﬁ/\/OZS\\/ q) was prep ( )
00 0°C using an icebath. MsCl (1.52g, 19.53 mmol, 1.1 Eq),

CF
: and TEA (3.71 mL, 26.6 mmol, 1.5 Eq) were added as a single

portion, the reaction mixture was stirred at 0°C for 30 mins. The reaction was quenched with
water (30 mL) and was extracted with DCM (3 x 30 mL), organic fractions were dried over

Na2S04, volatile components were removed in vacuo giving (2i-i) as a yellow oil, 7.2 g, 98%.

'H NMR (400 MHz, Chloroform-d) & 7.82 (s, 2H, Ar 2- & 6-H CsHs(CFs)), 7.77 (s, 1H, Ar
4-H C¢H3(CF3)), 5.76 — 5.64 (m, 1H, CH.CHCHa), 5.17 — 5.07 (m, 2H, CH,CHCH), 4.30
(ddd, J9.8, 6.1,3.6 Hz, 1H, NHCH,CHHO), 4.21 (ddd, J 9.8, 6.1, 3.6 Hz, 1H, NHCH,CHHO),
3.84 (dd, J 8.1, 5.4 Hz, 1H, ArCHNH), 3.03 (s, 3H, CH5), 2.86 (ddd, J 13.5, 7.0, 3.6 Hz, 1H,
NHCHHCH,0), 2.69 (ddd, J 13.5, 7.0, 3.6 Hz, 1H, NHCHHCH,0), 2.47 — 2.29 (m, 2H,
CHCH,CH), 1.90 (s, 1H, NH). 3C NMR (101 MHz, Chloroform-d) § 133.3 (1-C CsHs(CFs),),
132.0 (CH,CHCH,), 131.7 (3- &5-C CeHs(CF3)), 127.7 (2- & 6-C CsH3(CFs)), 121.6 (4-C
CsH3(CFs)), 119.4 (CH,CHCHy), 61.5 (NHCH2CHa), 46.0 (ArCHNH), 39.4 (NHCH,CH,),

37.5 (CHCH,CH), 8.6 (CHs). MS TOF EI+: 406.1 [M+H]+. FTIR vmax 1263, 730.
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5.3.2.11. N-benzyl-1-phenylbut-3-en-1-amine (2K)

| Prepared using General Procedure B: Imine 1a (0.87 g, 3.4 mmol,
1.0 Eq), zinc (dust, 0.78g, 12.0 mmol, 3.5 Eq) and allyl bromide

N
H/\© (0.88 mL, 10.0 mmol, 3.0 Eq) in THF (9 mL). Pale yellow oil, 370

mg, 44%. Data in agreement with the reported literature values.?®

'H NMR (300 MHz, Chloroform-d) & 7.38 — 7.21 (m, 9H, PhH), 5.80 — 5.63 (m, 1H,
CH,CHCH3), 5.10 —4.98 (m, 2H, CHCH>), 3.73 — 3.65 (m, 1H, PhnCHNH), 3.52 (d, J 13.3 Hz,
2H, NHCH-Ph), 1.81 (s, 1H, NH). 3C NMR (75 MHz, Chloroform-d) § 135.5,128.4, 128.3,

128.1,127.3,127.1, 126.8, 118.8, 117.6, 61.6, 51 4, 43.2, 30.9. FTIR vmax 1610, 1587.

5.3.2.12.  2-((1-(4-nitrophenyl)but-3-en-1-yl)amino)ethan-1-ol (2I)

| Prepared using General Procedure B: Imine 11 (4.50g, 23.2
OH mmol, 1.0 Eq), zinc (dust, 4.85g, 74.2 mmol, 3.2 Eq) and allyl
ON bromide (6.02 mL, 69.5 mmol, 3.0 Eq) in THF (100 mL). Pale
2

yellow oil, 5.48g, 88%.

'H NMR (400MHz, Chloroform-d) § 8.22 — 8.17 (m, 2H, 3- & 5-H C¢HaNO,), 7.54 — 7.46 (m,
2H, 2- & 6-H C6HiNOy), 5.76 — 5.64 (m, 1H, CH,CHCH,), 5.13 — 5.07 (m, 2H, CH,CHCH),
3.85-3.79 (m, 1H, ArCHNH), 3.65 (ddd, J 10.7, 6.5, 3.8 Hz, 1H, NHCH,CHH), 3.57 (ddd, J
10.7, 6.5, 3.8 Hz, 1H, NHCH,CHH), 2.68 (ddd, J 12.3, 6.3, 3.8 Hz, 1H, NHCHHCH.), 2.54
(ddd, J12.3, 6.3, 3.8 Hz, 1H, , NHCHHCH,) 2.48 —2.35 (m, 2H, CH,CHCH,). 3C NMR (101

MHz, Chloroform-d) & 151.6 (1-C CsH4NOy), 147.2 (4-C CeHaNOy), 134.1 (CH,CHCHp),
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1279 (3- & 5-C CeHyNOy), 123.8 (2- & 6-H C¢HsNO,), 118.7 (CH,CHCHa), 62.0
(NHCH,>CH,), 61.5 (ArCHNH), 49.2 (NHCH2CHs), 42.8 (CH;CHCH,). MS TOF EI+ (m/z):

237.1 [M+H].

5.3.2.13.  2-((1-(4-nitrophenyl)but-3-en-1-yl)amino)ethyl methanesulfonate (2m)

| A solution of Homoallylic amine 21 (2.05g, 8.68 mmol, 1.0

Eq) was prepared in DCM (50 mL, 0.17M) and was cooled to

ON H 0”0 goC using an icebath. MsCl (744 pL, 9.54 mmol, 1.1 Eq), and
2

TEA (3.63 mL, 26.0 mmol, 3.0 Eq) were added as a single portion, the reaction mixture was

stirred at 0°C for 30 mins. The reaction was quenched with water (20 mL) and was extracted

with DCM (3 x 20 mL), organic fractions were dried over Na2SO4, volatile components were

removed in vacuo giving (2m) as a yellow oil, 2.89g, >99%.

'H NMR (400 MHz, Chloroform-d) 8 8.21 — 8.16 (m, 2H, 3- & 5-H CsHaNO,), 7.53 — 7.48
(m, 2H, 2- & 6-H CeHiNOy), 5.75 — 5.62 (m, 1H, CH,CHCH.), 5.14 — 5.04 (m, 2H, ,
CH,CHCH,), 4.32 — 4.25 (ddd, J 10.5, 7.1, 3.8 Hz, 1H, NHCH,CHH), 4.21 (ddd, J 10.5, 7.1,
3.8 Hz, 1H, NHCH,CHH), 3.85 — 3.82 (m, 1H, ArCHNH), 3.03 (s, 3H. CHz), 2.84 (ddd, J 13.6,
7.1, 3.8 Hz, 1H, NHCHHCH.), 2.70 (ddd, J 13.6, 7.1, 3.8 Hz, IH, NHCHHCH.,), 2.45 — 2.33
(m, 2H, CH,CHCH,). *C NMR (101 MHz, Chloroform-d) § 150.9 (4-C CsHaNO,), 147.3 (1-
C CsHaNOy), 133.8 (CH,CHCH.), 128.1 (2- & 6-C C6HaNOy), 123.8 (3- & 5-C C6HiNO»),
118.9 (CH,CHCH,), 61.5 (NHCH.CH,0), 53.4 (ArCHNH), 46.1 (NHCH.CH,0), 39.4
(CH,CHCHa), 37.5 (CHs). MS TOF EI+: 315.0 [M+H]+. FTIR vmax 3418, 1520, 1345, 1155,

857.
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5.3.2.14. N-benzyl-1-(pyridin-3-yl)but-3-en-1-amine (2n)

Prepared using General Procedure B: Imine (6.0 g, 30.6 mmol, 1.0 Eq),

zinc (dust, 6.4g, 98.0 mmol, 3.2 Eq), allyl bromide (7.9 mL, 92.0

/\© mmol, 3.0 Eq) in THF (anhydrous, 250 mL, 0.3M). Brown oil, 6.9g,

95%. Data in agreement with the reported literature values.?

'H NMR (400 MHz, Chloroform-d) & 8.57 (d, J 2.2 Hz, 1H, 2-CH CsHuN), 8.52 (dd, J 4.8,
1.7 Hz, 1H, 4-CH CsHaN), 7.74 (dt, J 8.0, 2.0 Hz, 1H, 2-CH CsHiN), 7.34 — 7.21 (m, 6H, 5-
CH CsHuN, 2-, 3-, 4-, 5- & 6-CH CeHs), 5.75 — 5.63 (m, 1H, CH,CHCHb,), 5.11 — 5.04 (m, 2H,
CHCH,), 3.74 (t, J 6.1 Hz, 1H, (CsHN)CHNH), 3.61 (dd, J 53.6, 12.5 Hz, 2H, CHCH>CH),
2.46 —2.36 (m, 2H, NHCHa(CsHs)), 1.76 (s, 1H, NH). *C NMR (101 MHz, Chloroform-d) &
149.6 ( -, 2-CH CsHaN), 148.7 ( - , 4-CH CsHaN), 140.1 ( +, 1-C CeHs), 139.1 ( +, 1-C
CsHaN), 134.8 ( -, 6-CH CHuN), 134.6 ( -, 5-CH C6HuN), 128.4 ( -, 3- & 5-CH CsHs), 128.1
(-,2- & 6-CH CeHs), 127.1 (-, 4-CH CeHs), 123.5 (-, CH,CHCHy), 118.4 (+, CH,CHCH,),
59.2 ( -, (CsHsN)CHNH), 51.5 ( + , NHCH,(CeHs)), 42.9 ( +, CHCH,CH). MS TOF EI+

(m/z): 239.2 [M+H]+.
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5.3.2.15. 3-allyl-2-(2-bromobenzyl)-2H-indazole 1-oxide (20)

Prepared using General Procedure B: Imine 1j (5.0 g, 15.7 mmol, 1.0

Q Eq), zinc (dust, 3.6 g, 54.8 mmol, 3.5 Eq), allyl bromide (4.1 mL, 47.0
Br

N
N® mmol, 3.0 Eq) in THF (anhydrous, 20 mL, 0.3M). Orange crystalline
0

O

solid, 5.1g, 93%.

"H NMR (400 MHz, Chloroform-d) & 7.74 (d, J 8.9 Hz, 1H, ArCH), 7.59 (dd, J 7.4, 1.9 Hz,
1H, ArCH), 7.56 — 7.52 (m, 1H, ArCH), 7.32 — 7.27 (m, 1H, , ArCH), 7.20 — 7.12 (m, 2H,
ArCH), 7.09 (dd, J 8.7, 6.5 Hz, 1H), 6.69 (dd, J 7.1, 2.2 Hz, 1H, , ArCH), 5.83 (s, 2H,
CH>(CsH4Br)), 5.82 — 5.72 (m, 1H, CH2CHCHy), 5.12 — 4.99 (m, 2H, CH2CHCH>), 3.63 (dt,
J 6.0, 1.7 Hz, 2H, CH,CHCH>). 13C NMR (101 MHz, Chloroform-d) & 132.8 (ArCH), 132.3
(CH2CHCH>»), 129.5 (CCH2CH), 128.2 (ArCH), 128.0 (ArCH), 126.9 (ArCH), 123.4 (ArCH),
119.4 (ArCH), 117.9 (CH2.CHCH2>), 113.2 (ArCH), 46.2 (CH2(CsH4Br)), 29.1 (CH2CHCH>).

MS TOF EI+: 343.1 [M+].
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5.3.3. Amino-Azetidines

53.3.1.  rac-N-(2 A-cis)-4-(3,5-bis(trifluoromethyl)phenyl)-1-(2-bromobenzyl)azetidin-2-

yl)methyl)propan-2-amine (3a)

>\ Prepared using General Method C: Homoallylic Amine 2¢ (567
N
H mg, 1.3 mmol, 1.0 Eq), Iodine (960 mg, 3.8 mmol, 3.0 Eq),
FyC NaHCOs (530 mg, 6.3 mmol, 5.0 Eq) in CH3CN (5 mL), following

Br

CF isolation the iodo-azetidine intermediate was stirred with N-
3

isopropyl amine (neat, 5 mL). Brown oil, 586 mg, 78%.

'H NMR (400 MHz, Chloroform-d) & 7.78 (s, 2H, Ar 2- & 6-H C¢H3(CF3)2), 7.71 — 7.67 (m,
2H, ArH 4-H CsH3(CFs),, ArH CeHaBr), 7.42 (dd, J 8.0, 1.2 Hz, 1H, Ar CeHsBr), 7.29 (td, J
7.6, 1.4 Hz, 1H, Ar CeHLBr), 7.06 (td, J 7.6, 1.4 Hz, 1H, Ar CsHiBr), 4.42 (app t, J 8.2 Hz,
1H, ArCCHCH,), 3.91 (d, J 12.2 Hz, 1H NCHHATC), 3.71 (d, J 12.2 Hz, 1H, NCHHArC),
3.46 —3.37 (m, 1H, NHCH(CHs),), 2.72 (dt, J 10.5, 7.6 Hz, 1H, CHCHHCH), 2.66 — 2.56 (m,
2H, CH,CHCH,NH, CH,CHCHHNH), 2.50 (dd, J 11.9, 5.8 Hz, 1H, CH,CHCHANH), 1.78
(dt, J10.5, 8.5 Hz, 1H, CHCHHCH), 0.98 (d, J 6.3 Hz, 3H, NHCH(CH:),), 0.92 (d, J 6.3 Hz,
3H, NHCH(CH),). 3C NMR (101 MHz, Chloroform-d) § 141.6 (+ , ArCCH), 141.4 ( +,
ArCCHy), 132.3 ( -, ArCH), 131.4 (q, J 33.3 Hz, ArC(CF:)), 129.1 (- , ArC 2- & 6-H
CeH3(CFs)), 128.5 ( -, ArCH), 128.1 ( -, ArCH), 127.5 ( - , ArCH), 124.6 ( +, ArC(CF3),
122.0 ( +, ArCBr), 121.9 ( + , ArC(CFs), 121.1 ( - , ArC 4-H C¢Hs(CFs),), 64.8 ( - ,
ArCCHCH,), 63.3 ( -, NHCH(CHs),), 61.2 ( +, NCHArCeHs(CFs),), 52.1 (+, CHCH,NH),
49.1 (-, CH,CHCH,), 30.9 ( +, CHCH,CH), 22.6 ( - , CH(CHs)2), 22.2 ( - , CH(CHs),). F

NMR (377 MHz, Chloroform-d) & -62.86 (C(CF3)). MS TOF EI+ (m/z): 509.76 [M]+. FTIR
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vmax 1253, 1189, 1174. HRMS (m/z): calcd. for C22Ha3BrFeN2 [M+NH,]+, 525.09707, found,

525.0969.

5.3.3.2.  rac-N-(2 A-cis)-1-(3,5-bis(trifluoromethyl)benzyl)-4-(2-bromophenyl)azetidin-2-

yl)methyl)propan-2-amine (3b)

>\ Prepared using General Method C: Homoallylic Amine 2¢ (470 mg,
N
Br H 1.0 mmol, 1.0 Eq), Iodine (790 mg, 3.1 mmol, 3.0 Eq), NaHCOs3 (440
mg, 5.2 mmol, 5.0 Eq) in CH3CN (5 mL), following isolation the iodo-
azetidine intermediate was stirred with N-isopropyl amine (neat, 5
F5C CF,
mL). Brown oil, 550 mg, 95%.

'H NMR (400 MHz, Chloroform-d) & 7.79 (s, 2H, Ar 2- & 6-H CH3(CF5),), 7.72 — 7.68 (m,
2H, Ar 4-H CsH3(CFs),, Ar C6HyBr), 7.42 (dd, J 8.0, 1.2 Hz, 1H, Ar CsH,Br), 7.31 — 7.27 (m,
1H, Ar CeHsBr), 7.06 (td, J 7.6, 1.8 Hz, 1H, Ar CeHiBr), 4.42 (app t, J 8.2 Hz, 1H,
ArCCHCHa), 3.94 (d, J 13.3 Hz, 1H, NCHHArC) 3.74 (d, J 13.3 Hz, 1H, NCHHATC), 3.46 —
3.38 (m, 1H, CH(CH3)), 2.72 (dt, J 10.5, 7.6 Hz, 1H, CHCHHCH), 2.66 — 2.59 (m, 2H,
CHCHHNH, CH,CHCH,), 2.51 (dd, J 11.9, 5.8 Hz, 2H, CHCHHNH), 1.78 (dt, J 10.5, 8.5
Hz, 1H, CHCHHCH), 0.98 (d, J 6.3 Hz, 3H, CH(CHj)), 0.93 (d, J 6.3 Hz, 3H, CH(CHs)). 1*C
NMR (101 MHz, Chloroform-d) & 141.6 (+, ArCCH), 141.4 (+, ArCCH), 132.3 ( -, ArCH),
131.6 (+, ArC(CFs)2), 131.2 (+, ArC(CF3),), 129.1 (-, ArC 2- or 6-H C¢H3(CF3)2) , 128.5 (
-, ArCH), 128.1 ( -, ArCH), 127.5 ( - , ArCH), 124.6, ( +, ArC(CFs); 122.0 ( +, ArCBr),
121.1 ( -, ArC 4-H CeH3(CFs),), 64.7 ( - , ArCCHCH.,), 63.3 ( -, CH(CHs),), 61.2 ( +,
NCH>ArC), 52.1 (+, CHCH,CH(CHs)»), 49.1 ( -, CH2CHCH,), 30.9 (+- , ArCCHCH,), 22.7

(-, CH(CH3)2),22.3 (-, CH(CH3)2). MS TOF EI+: 509.76 [M]+ FTIR vinax 2992, 1185, 1134.
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5.3.3.3.  rac-N-(2 A-cis)-4-(3,5-bis(trifluoromethyl)phenyl)-1-(2-bromobenzyl)azetidin-2-
yl)-N-(thiophen-3-ylmethyl)methanamine (3c)
/\© Prepared using General Procedure C in a parallel fashion:
N
H S
Iodo-azetidine starting material (45 mg, 0.08 mmol, 1.0 Eq),
F;C

Br thiophen-3-ylmethanamine (23 mg, 0.2 mmol, 2.5 Eq),

CF; triethylamine (0.24 mmol, 3.0 Eq). Brown oil, 18 mg, 40%.

'H NMR (400 MHz, Chloroform-d) & 8.52 — 8.49 (m, 2H, 2- & 4-H C4HsS), 7.76 (s, 2H, Ar
2- & 6-H C¢H3(CF3)2), 7.66 (dt, J 7.8, 2.0 Hz, 1H, 3-H C4H3S), 7.62 (s, 1H, 4-H CeH3(CF3)y),
7.40 (dd, J 7.9, 1.3 Hz, 1H, 3-H C¢H4Br), 7.17 (dd, J 7.9, 1.3 Hz, 1H, 6-H CsH4Br), 7.05 (td,
J 7.8, 1.3 Hz, 1H, 5-H CeH4Br), 6.97 (td, J 7.8, 1.4 Hz, 1H, 4-H CsH4Br), 4.16 (t, J 8.1 Hz,
1H, ArCCHCH,), 3.89 (d, J 12.2 Hz, 1H, NCHH(C¢HiBr)), 3.78 — 3.67 (m, 3H,
NCHH(CeHaBr), NHCH,(CsH:S)), 3.50 (tt, J 8.1, 4.0 Hz, 1H, CH,CHCH,), 2.61 — 2.52 (m,
2H, CHCH,NH), 2.52 — 2.46 (m, 1H, CHCHHCH), 2.05 (dt, J 10.3, 8.4 Hz, 1H, CHCHHCH),
1.78 (s, 1H, NH). 13C NMR (101 MHz, Chloroform-d) § 149.6 (1-C CeHs(CF),), 148.4 (1-C
CsHiBr), 146.0 (1-C C4HsS), 136.5 (5-CH C4HsS), 135.5 (3-CH C4HsS), 133.1 (3-CH
CeH4Br), 131.7 (6-CH Ce¢HaBr), 131.1 (q, J 33.1 Hz, C(CF3)), 129.2 (4-CH Ce¢HaBr), 127.1
(5-CH CeH4Br), 126.8 (2- & 6-CH CsH3(CF5),), 124.8 (2-C CsH4Br), 123.4 (2-CH C4H;S),
120.7 (4-CH CgH3(CF3),), 64.6 (ArCCHCHL), 61.9 (CH,CHCH,), 60.9 (NCH»(CsH4Br)), 52.4

(CHCH,NH), 51.5 (NHCH2(C4H5S), 30.7 (CHCH,CH). MS ToF EI+ (m/2): 563.1.
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5.3.3.4.  rac-N-(2 4-cis)-4-(3,5-bis(trifluoromethyl)phenyl)-1-(2-bromobenzyl)azetidin-2-

yl)methyl)pentan-3-amine (3d)

Prepared using General Procedure C in a parallel fashion:

TZ

Iodo-azetidine starting material (45 mg, 0.08 mmol, 1.0 Eq),
F;C
’ Br 2-ethylbutan-1-amine  (20mg, 0.2 mmol, 2.5 Eq),

CF; triethylamine (0.24 mmol, 3.0 Eq). Brown oil, 18 mg, 40%

'"H NMR (400 MHz, Chloroform-d) § 7.77 (s, 2H, Ar 2- & 6-H CsH3(CF3),), 7.61 (s, 1H, Ar
4-H C¢H3(CF3)2), 7.41 (dd, J 8.0, 1.3 Hz, 1H, 3-H C¢H4Br), 7.20 (dd, J 7.5, 1.8 Hz, 1H, 6-H
Ce¢H4Br), 7.06 (td, J 7.5, 1.8 Hz, 1H, 5-H C¢H4Br), 6.97 (td, J 7.5, 1.8 Hz, 1H, 4-H C¢H4Br),
4.15 (app t,J 8.2 Hz, 1H, ArCCHCH»), 3.91 (d, J 12.5 Hz, 1H, NCHH(CsH4Br)), 3.71 (d, J
12.5 Hz, 1H, NCHH(C¢H4Br)), 3.49 (tt, J 8.3, 4.1 Hz, 1H, CH.CHCH2>), 2.62 — 2.52 (m, 2H,
CHCH:NH), 2.52 —2.46 (m, 1H, CHCHHCH), 2.45 — 2.36 (m, 2H, NHCH>CH), 2.03 (dt, J
10.4, 8.5 Hz, 1H, CHCHHCH), 1.63 (s, 1H, NH), 1.39 — 1.27 (m, 5H, CH(CH2CHa)a,
CH(CH>CH3)), 0.87 (td, J 7.2, 2.7 Hz, 6H, CH(CH.CH3);). 3C NMR (101 MHz,
Chloroform-d) 6 146.2 (1-C CsH3(CF3)2), 136.7 (1-C CsH4Br), 132.9 (3-CH Cg¢H4Br), 131.6
(6-CH C¢H4Br), 131.0 (q, J 32 Hz, C(CF3)2), 129.1 (5-CH CeH4Br), 127.1 (4-CH CsH4Br),
126.8 (2- & 6-CH CeH3(CF3)2), 124.8 (2-C C¢HaBr), 120.4 (4-CH CeH3(CF3).), 64.6
(ArCCHCH»), 62.4 (CH2CHCH:), 60.9 (NCH2(Ce¢H4Br)), 53.5 (CHCH>NH), 53.2
(NHCH>CH), 41.1 (CH(CH:CHs)), 30.9 (CHCH.CH), 24.1 (CH(CH:CHs)), 23.9
(CH(CH2CHs)2), 11.1 (CH(CH2CH3)2), 10.9 (CH(CH2CH3)2). FTIR (Vmax, neat): 2832, 1513,
1278, 1170, 1133. MS ToF EI+ (m/z): 551.1 [M+]. HRMS (ESI) m/z calcd for C25H29BrFeN»

[M+H]+ 551.14911, found 551.1481.
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5.3.3.5.  rac-N-(2 4-cis)-4-(3,5-bis(trifluoromethyl)phenyl)-1-(2-bromobenzyl)azetidin-2-
yl)methyl)-2-methoxyethan-1-amine (3e)

O—  Prepared using General Procedure C in a parallel fashion:

N o~
N H Iodo-azetidine starting material (45 mg, 0.08 mmol, 1.0 Eq),
FyC Br 2-methoxyethan-1-amine (15, mg, 0.2 mmol, 2.5 Eq),
CF; triethylamine (0.24 mmol, 3.0 Eq). Brown oil, 10 mg, 23%.

'"H NMR (400 MHz, Chloroform-d) § 7.75 (s, 2H, Ar 2- & 6-H CsH3(CF3)2), 7.60 (s, 1H, Ar
4-H C¢H3(CF3)2), 7.41 (dd, J 7.9, 1.3 Hz, 1H), 7.27 — 7.17 (m, 3H), 7.06 (td, J 7.8, 1.3 Hz,
1H), 6.97 (td, J 7.8, 1.8 Hz, 1H), 4.16 (app t,J 8.1 Hz, 1H, ArCCHCH>»), 3.92 (d, J 12.1 Hz,
1H, NCHH(C6H4Br)), 3.72 (d, J 12.1 Hz, 1H, NCHH(C6H4Br)), 3.51 — 3.47 (m, 3H,
CH>CHCH,, CH,CH>0), 3.37 (s, 3H, OCHs), 2.76 — 2.72 (m, 2H, NHCH>CH>), 2.72 — 2.58
(m, 2H, CHCH>NH), 2.53 (dt, J 10.4, 7.8 Hz, 1H, CHCHHCH), 1.96 (dt, J 10.4, 7.8 Hz, 1H,
CHCHHCH). 3C NMR (101 MHz, Chloroform-d) & 132.9 (3-CH Ce¢H4Br), 131.7 (6-CH
CeH4Br), 129.0 (5-CH C¢H4Br), 127.1 (4-CH C¢H4Br), 126.8 (2- & 6-CH CeH3(CF3)2), 124.8
(2-C Cg¢H4Br), 120.6 (4-CH Cg¢H3(CF3)2), 71.9 (NHCH>CH>O), 64.7 (CHCH:CH), 61.9
(CHCH:CH), 60.8 (OCHj3), 58.9 (NCH>ArC), 53.4 (CHCH:NH), 49.8 (NHCH.CH»0), 31.4
(CH2CHCH»). MS ToF EI+ (m/z): 525.1 [M+]. HRMS (ESI) m/z calcd for C22H23BrFsN>O

[M+H]+ 525.09707, found 525.09695.
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5.3.3.6.  rac-N-(24-cis)-4-(3,5-bis(trifluoromethyl)phenyl)-1-(2-bromobenzyl)azetidin-2-
yl)methyl)piperidine (3f)

N Prepared using General Procedure C in a parallel fashion: Iodo-

N azetidine starting material (45 mg, 0.08 mmol, 1.0 Eq), piperidine
FiC
Br (17 mg, 0.2 mmol, 2.5 Eq), triethylamine (0.24 mmol, 3.0 Eq).

Brown oil, 26 mg, 60%.

'H NMR (400 MHz, Chloroform-d) § 7.71 (s, 2H, Ar 2- & 6-H CsHs(CFs),), 7.58 (s, 1H, 4-H
CsH3(CF5),), 7.37 (dd, J 8.0, 1.3 Hz, 1H, Ar 3-H C¢HyBr), 7.21 (dd, J 7.6, 1.8 Hz, 1H, Ar 5-
H CeHyBr), 7.03 (td, J 7.5, 1.3 Hz, 1H, Ar 4-H CsH,Br), 6.93 (td, J 7.6, 1.8 Hz, 1H, Ar 6-H
CeH4Br), 4.17 (app t, J 8.0 Hz, 1H, ArCCHCH,), 3.93 (d, J 12.2 Hz, 1H, NCHH(CeH,Br)),
3.73 (d, J 12.2 Hz, 1H, NCHH(C¢H4Br)), 3.55 — 3.47 (m, 1H, CH,CHCH,), 2.65 (dt, J 10.4,
7.3 Hz, 1H, CHCHHCH), 2.58 (dd, J 13.0, 3.7 Hz, 1H, CHCHHN(CHa),), 2.47 — 2.36 (m, 5H,
CHCHHN(CH), N(CH>CHa)»), 1.74 (dt, J 10.4, 7.3 Hz, 1H, CHCHHCH), 1.63 — 1.55 (m,
4H, N(CH.CHa),), 1.46 — 1.39 (m, 2H, N(CH,CH,),CHy). 1*C NMR (101 MHz, Chloroform-
d) 8 146.2 (+, 1-C CeHs(CF3)), 136.6 (+, 1-C CsH4Br), 132.8 ( -, 3-CH CeHaBr), 131.9 ( -
, 6-CH CsH4Br), 130.9 ( +, q,J 33.1 Hz, 3- & 5-C(CF3)2), 128.9 ( -, 5-CH CeH4Br), 126.9 ( -
, 4-CH C6H4Br), 126.7 ( -, 2- & 6-CH CeHs(CF3)), 124.7 (+, 2-C CeHyBr), 120.5 ( - , 4-CH
CeH3(CF),), 65.3 ( -, ArCCHCH,), 64.5 (+ , CHCH,N), 60.9 ( - , CHo,CHCHy), 60.6 ( +,
NCH(CsHa4Br)), 55.2 (+, N(CH2CHa)), 35.4 (+, CHCH,CH), 25.7 (+, N(CH,CHa),), 24.0
(+, N(CH2CH2),CH3 ). FTIR (Vmas, neat): 2937, 1278, 1174, 1133. MS ToF EI+ (m/z): 535.1

[M-+]. HRMS (ESI) m/z caled for C24H25BrFsN2 [M+H]+ 535.11781, found 535.11765.
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5.3.4. CF3; Amino-Azetidine Library

53.4.1.  rac-N-(24-cis)-4-(3,5-bis(trifluoromethyl)phenyl)-1-(2-bromobenzyl)azetidin-2-
yl)-N-(3,4-dimethoxybenzyl)methanamine (3g)

o—_Prepared using General Procedure F in a parallel

g/\@o/ fashion: lodo-azetidine starting material (45 mg,

F;C 0.08 mmol, 1.0 Eq), (3,4-
Br

dimethoxyphenyl)methanamine (33 mg, 0.2 mmol,
- 2.5 Eq), triethylamine (0.24 mmol, 3.0 Eq).

Colourless oil, 8 mg, 16%.

'"H NMR (400 MHz, Chloroform-d) § 7.74 (s, 2H, Ar 2- & 6-H CsH3(CF3)2), 7.60 (s, 1H, Ar
4-H CeH3(CF3)2), 7.39 (dd, J 7.8, 1.3 Hz, 1H, 3-H C¢H4Br), 7.16 (dd, J 7.5, 1.8 Hz, 1H, 6-H
Ce¢H4Br), 7.03 (td, J 7.5, 1.5 Hz, 1H, 5-H CsH4Br), 6.95 (td, J 7.5, 1.5 Hz, 1H, 4-H C¢H4Br),
6.86 (s, 1H, 5-H C¢H3(OCHs)2), 6.83 (d, J 1.7 Hz, 2H, 2- & 6-H C¢H3(OCHs)2), 4.16 (app t, J
8.2 Hz, 1H, ArCCHCH>), 3.94 — 3.86 (m, 8H, NCH>(CsH4Br), O(CHs)2), 3.72 — 3.67 (m, 2H,
NHCH>(C¢H3(OCHs)2), 3.50 (tt, J = 8.3, 4.3 Hz, 1H, CH.CHCH>), 2.69 — 2.57 (m, 2H,
CHCH>NH), 2.52 (dt, J 10.5, 8.6 Hz, 1H, CHCHHCH), 2.07 (s, 1H, NH), 2.00 (dt, J 10.5, 8.6
Hz, 1H, CHCHHCH). 13C NMR (101 MHz, Chloroform-d) & 133.0 ( -, 3-CH C6H4Br), 131.7
(-, 6-CH C6H4Br), 129.2 ( -, 4-CH C6H4Br), 127.1 (-, 5-CH C6H4Br), 126.7 ( -, 2- & 6-
CH CsH3(CF3)2) 120.7 ( -, 4-CH CgH3(CF3)2), 120.2 ( -, 5-CH CsH3(OCHj3)2), 111.3 (-, 2-
CH C¢H3(OCHs)2), 1109 ( - , 6-CH Ce¢H3(OCHs)2), 64.7 ( - , ArCCHCHy), 619 ( -,
CH>CHCH»), 61.0 ( +, NCH2(CsH4Br)), 55.9 ( -, (OCHs)2), 55.8 ( -, (OCH3),), 53.8 ( +,
CHCH:NH), 52.5 (+, NHCH(CsH3(OCHa)2), 31.1 (+, CHCH2CH). MS ToF EI+ (m/z): 617.1

[M+]. HRMS (ESI) m/z calcd for C23H27BrFsN2O> [M+H]+ 617.12329, found 617.12298.
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53.4.2.  rac-N-(24-cis)-4-(3,5-bis(trifluoromethyl)phenyl)-1-(2-bromobenzyl)azetidin-2-

yl)methyl)-2-(pyridin-4-yl)ethan-1-amine (3h)

J 1:1 Prepared using General Procedure F in a parallel fashion:
= lodo-azetidine starting material (45 mg, 0.08 mmol, 1.0
N
H Eq), 2-(pyridin-4-yl)ethan-1-amine (24mg, 0.2 mmol, 2.5
F;C

Br Eq), triethylamine (0.24 mmol, 3.0 Eq) Colourless oil, 15

CF; mg, 33%.

'H NMR (400 MHz, Chloroform-d) & 8.53 — 8.49 (m, 2H, 3- & 5-H C5H4N), 7.75 (s, 2H, 2-
& 6-H CeH3(CFs),), 7.63 (s, 1H, 4-H CsHs(CF3)), 7.41 (dd, J 7.9, 1.4 Hz, 1H, 3-H CsH4Br),
7.16 —7.11 (m, 3H, 6-H CH4Br, 2- & 6-H CsHuN), 7.05 (td, J 7.9, 1.4 Hz, 1H, 4-H CsH,Br),
6.98 (td, J 7.6, 1.8 Hz, 1H, 5-H C¢H4Br), 4.15 (app t, J 8.1 Hz, 1H, ArCCHCH,), 3.88 (d, J
12.5 Hz, 1H, NCHH(CsH4Br)), 3.68 (d, J 12.5 Hz, 1H, NCHH(CsH4Br)),3.47 (tt, J 8.3, 4.1
Hz, 1H, CH,CHCH,), 2.85 — 2.74 (m, 4H, NHCH,CH,, NHCH,CHy), 2.63 (dd, J 12.2, 3.6 Hz,
1H, CHCHHNH), 2.56 — 2.44 (m, 2H CHCHHNH, CHCHHCH), 1.99 (dt, J 10.4, 8.5 Hz, 1H,
CHCHHCH), 1.93 (s, 1H, NH). 3C NMR (101 MHz, Chloroform-d) § 149.7 ( - , 2- & 6-CH
CeHuN), 145.8 (+, 1-C C6HaN), 141.8 (+, 1-C CeHs(CF3)2), 140.7 (+, 1-C CeHaBr) 136.5 (
+,2-C CsH4Br), 133.0 (-, 3-CH CsH4Br), 131.7 (-, 6-CH CsH4Br), 129.2 ( -, 5-CH CsH4Br),
127.1 ( -, 4-CH CeHyBr), 126.8 ( - , 2- & 6-CH C¢H3(CF3)), 124.2 ( -, 3- & 5-CH C6HaN),
120.7 ( - , 4-CH C¢Hs(CFs)), 64.7 ( - , ArCCHCH,), 61.8 ( - , CH,CHCH,), 60.9 ( + ,
NCH(CsHa4Br)), 52.9 (+, CHCHoNH), 50.6 ( +, NHCH,CH,), 35.9 ( +, NHCH,CH,), 30.9
(+, CHCH,CH). FTIR (Vimas, neat): 2825, 1278, 1170, 1133. MS ToF EI+ (m/2): 572.1 [M+].

HRMS (ESI) m/z calcd for CosH24BrF¢N3 [M+H]+ 572.11306, found 572.11288.
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53.4.3. rac-N-(2A4-cis)-4-(3,5-bis(trifluoromethyl)phenyl)-1-(2-bromobenzyl)azetidin-2-

yl)methyl)-4-ethylpiperazine (3i)

N Prepared using General Procedure F in a parallel fashion:
N
N — lodo-azetidine starting material (45 mg, 0.08 mmol, 1.0 Eq),
F;iC
Br 1-ethylpiperazine (23 mg, 0.2 mmol, 2.5 Eq), triethylamine

(0.24 mmol, 3.0 Eq). Colourless oil, 13 mg, 29%.

'"H NMR (400 MHz, Chloroform-d) & 7.73 (s, 2H, Ar 2- & 6-CH CsH3(CF3)2), 7.60 (s, 1H, Ar
4-CH C¢H3(CF3)2), 7.39(dd, J 7.9, 1.8 Hz, 1H, Ar 3-CH CsH4Br), 7.21 (dd, J 7.9, 1.8 Hz, 1H,
Ar 6-CH C¢H4Br), 7.04 (td, J 7.9, 1.7 Hz, 1H, Ar 5-CH CeH4Br), 6.95 (td, J 7.9, 1.8 Hz, 1H,
Ar 4-CH Cg¢H4Br), 4.16 (app t, J 8.1 Hz, 1H, ArCHCHCH>), 3.86 (d, J 10.9 Hz, 1H,
NCHH(CsH4Br)), 3.66 (d, J 10.9 Hz, 1H, NCHH(CsH4Br)), 3.45 (tt, J 7.2, 4.0 Hz, 1H,
CH:CHCH), 2.64 — 2.41 (m, 13H, CHCH:N, N(CH2CH2)N, N(CHCH2)N, NCH>CH3,
CHCHHCH), 1.77 (dt, J 10.4, 8.5 Hz, 1H, CHCHHCH), 1.11 (t,J 7.2 Hz, 3H, NCH2CH3).
13C NMR (101 MHz, Chloroform-d) 8 146.1 ( +, 1-C C¢H3(CF3)2), 136.6 ( +, 1-C CsH4Br),
132.8 (-, 3-CH C¢H4Br), 131.8 (-, 6-CH CsH4Br), 130.9 (+, q, J 34.5 Hz, C(CF3)2), 128.9 (
-, 5-CH C¢H4Br) 126.9 ( -, 4-CH Ce¢H4Br), 126.7 ( -, 2- & 6-CH C¢H3(CF3)2), 124.8 ( +, 2-
C CsH4Br), 120.6 ( -, 4-CH CgH3(CF3)2), 65.1 ( -, ArCCHCH>), 63.4 (+, CHCH2N), 60.9 (
- ,CH2CHCHa»), 60.7 (+, NCH2(CgH4Br)), 53.44( +, N(CH2CH2)N), 52.4 (+, N(CH2CH2)N),
52.2 (+, NCH2CH3), 34.4 (+, CHCH2CH), 11.5 ( - , NCH2CH3). FTIR (Vmax, neat): 2810,
1375, 1278, 1133. MS ToF El+ (m/z): 564.1 [M+]. HRMS (ESI) m/z calcd for C2sHosBrFgN3

[M+H]+ 564.14436, found 564.14410.
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53.44.  rac-N-(24-cis)-4-(3,5-bis(trifluoromethyl)phenyl)-1-(2-bromobenzyl)azetidin-2-

yl)-N-(4-methylbenzyl)methanamine (3j)

/\©\ Prepared using General Procedure F in a parallel
N
H

fashion: lodo-azetidine starting material (45 mg, 0.08

F;C
’ Br mmol, 1.0 Eq), p-tolylmethanamine (24 mg, 0.2 mmol,
CF; 2.5 Eq), triethylamine (0.24 mmol, 3.0 Eq). Colourless

oil, 13 mg, 26%.

"H NMR (400 MHz, Chloroform-d) & 7.74 (s, 2H, Ar 2- & 6-H CsH3(CF3)2), 7.60 (s, 1H, 4-H
CeH3(CF3)2), 7.39 (dd, J 7.9,1.3 Hz, 1H, Ar 3-H C¢H4Br), 7.20—7.11 (m, 5H, Ar 5-H CsH4Br,
Ar 2-, 3-, 5- & 6-H (C¢H4)CH3), 7.03 (td, J 7.6, 1.6 Hz, 1H, Ar 4-H C¢H4Br), 6.95 (td, J 7.6,
1.6 Hz, 1H, Ar 6-H CsH4Br), 4.16 (app t, J 8.2 Hz, 1H, ArCCHCH>), 3.87 (d, J 13.3 Hz, 1H,
NCHHATrC), 3.67 (d, J 13.3 Hz, 1H, NCHHArC), 3.71 (s, 2H, NHCH>(CsH4Br)), 3.49 (tt, J
8.5,4.3 Hz, 1H, CH,CHCH>), 2.63 (qd, J 12.3, 4.4 Hz, 2H, CHCH>NHCH>), 2.51 (dt, J 10.3,
7.6 Hz, 1H, CHCHHCH), 2.35 (s, 3H, (C¢Hs)CH;), 2.05 — 1.96 (m, 2H, CHCHHCH,
CH,NHCH>). 3C NMR (101 MHz, Chloroform-d) 8 146.0 ( +, 1-C CsH3(CF3),), 136.9 (+,
1-C CsH4Br), 136.5 (+, 1-C C¢H4(CHs)), 132.9 (-, 3-CH CsH4Br), 131.7 (-, 4-CH CsH4Br),
1309 (+, q,J32.9 Hz, 3- & 5-C(CF3)2), 129.1 ( -, 2-, 3-, 5- & 6-CH (CsH4)CH3), 127.9 ( -,
6-CH C¢H4Br), 127.1 ( -, 5-CH CeH4Br), 126.7 ( - , 2- & 6-CH C¢H3(CF3)2), 124.8 ( +,
(CH).CHCH3s), 120.7 ( -, 4-CH CeH3(CF3)2), 64.7 ( -, ArCCHCH»), 61.9 ( - , CH,CHCH>»),
60.9 ( +, NCH2(C¢H4Br)), 53.8 ( +, CHCH:NH), 52.6 ( +, CH2NHCH»), 31.0 ( +,
CHCHxCH), 21.1 ( -, (C¢Ha)CH3). FTIR (Vmax, neat): 2825, 1278, 1170, 1133. MS ToF EI+
(m/z): 571.1 [M+]. HRMS (ESI) m/z calcd for Ca7H2sBrFsN> [M+H]+ 571.11781, found

571.11717.
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53.4.5.  rac-N-(24-cis)-4-(3,5-bis(trifluoromethyl)phenyl)-1-(2-bromobenzyl)azetidin-2-

yl)methyl)-N-methylpropan-1-amine (3K)

Py Prepared using General Procedure F in a parallel fashion: Iodo-

N
\ azetidine starting material (45 mg, 0.08 mmol, 1.0 Eq), N-
N
F5C methylpropan-1-amine (15 mg, 0.2 mmol, 2.5 Eq), triethylamine
CF, (0.24 mmol, 3.0 Eq). Colourless oil, 6 mg, 15%.

'"H NMR (400 MHz, Chloroform-d) § 7.74 (s, 2H, Ar 2- & 6-H CsH3(CF3)2), 7.60 (s, 1H, Ar
4-H Ce¢H3(CF3)2), 7.40 (dd, J 7.6, 1.3 Hz, 1H, Ar 3-H C¢H4Br), 7.22 (dd, J 7.6, 1.8 Hz, 1H,
Ar 5-H CsH4Br), 7.05 (td, J 7.6, 1.3 Hz, 1H, Ar 4-H CsH4Br), 6.96 (td, J 7.6, 1.8 Hz, 1H, Ar
6-H CsHaBr), 4.16 (app t, J 8.1 Hz, 1H, ArCCHCH>), 3.93 (d, J 12.3 Hz, 1H, NCHHArC),
3.73 (d,J 12.3 Hz, 1H, NCHHArC), 3.42 (qd, J 8.0, 3.7 Hz, 1H, CH,CHCHy>), 2.66 (dt, J 10.4,
7.3 Hz, 1H, CHCHHCH), 2.52 — 2.36 (m, 2H, CHCH>N(CH3)CH>), 2.31 — 2.22 (m, 2H,
N(CH3)CH>CH>»), 2.20 (s, 3H, N(CH»).CH3), 1.72 (dt, J 10.4, 7.3 Hz, 1H, CHCHHCH), 1.49
— 1.37 (m, 2H, CH2CH>CH3), 0.87 (t, J 7.4 Hz, 3H, CH,CH;). ¥C NMR (101 MHz,
Chloroform-d) 6 146.2 (+, 1-C CsH3(CF3)2), 136.7 (+, 1-C C¢H4Br), 132.8 (-, 3-CH CsH4Br)
, 131.9 (-, 4-CH C¢H4Br), 128.9 ( -, 6-CH C¢H4Br), 126.9 ( -, 5-CH Ce¢H4Br), 126.8 ( -, 2-
& 6-CH CeH3(CF3)2), 124.8 ( +, 2-C CeH4Br), 120.6 ( - , 4-CH CeH3(CF3)2), 65.1 ( -,
ArCCHCHy), 63.1 (+, CHCH>N(CHa)), 61.4 ( - , CH2CHCH:N), 60.63 ( +, NCH>(CsH4Br),
60.61 ( +, N(CH3)CH2CH>), 43.3 ( -, N(CH3)CH»), 35.0 ( + , NCH2CH2CH3), 204 ( +,
CHCHxCH), 11.8 ( - , CH2CH2CH3). FTIR (vimax, neat): 2963.2, 2799.2, 1379.1, 1278.5,
1177.8, 1136.8 MS ToF EI+ (m/z): 523.0 [M+]+ ("Br) & 525.0 [M+2]+ (3'Br). HRMS (ESI)

m/z caled for C23H25BrF6N2S [M+H+CH30H]+ 555.08988, found 555.08983.
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5.3.4.6. rac-N-(24-cis)-4-(3,5-bis(trifluoromethyl)phenyl)-1-(2-bromobenzyl)azetidin-2-

yl)methyl)-1-methylpiperidin-4-amine (31)

7 Prepared using General Procedure F in a parallel fashion:

N
Q Iodo-azetidine starting material (45 mg, 0.08 mmol, 1.0 Eq),

N
H
N I-methylpiperidin-4-amine (23 mg, 0.2 mmol, 2.5 Eq),
F;C
Br triethylamine (0.24 mmol, 3.0 Eq). Colourless oil, 11 mg,
CFs 24%.

'"H NMR (400 MHz, Chloroform-d) § 7.80 (s, 2H, Ar 2- & 6-H CsH3(CF3)2), 7.63 (s, 1H, Ar
4-H CsH3(CF3)2), 7.44 (dd, J 8.0, 1.4 Hz, 1H, Ar 3-H C¢H4Br), 7.21 (dd, J 7.5, 1.9 Hz, 1H,
Ar 5-H CsH4Br), 7.09 (td, J 7.5, 1.9 Hz, 1H, Ar 4-H CsH4Br), 7.00 (td, J 7.5, 1.9 Hz, 1H, Ar
6-H CsHaBr), 4.16 (app t, J 8.1 Hz, 1H, ArCCHCH>), 3.91 (d, J 11.8 Hz, 1H, NCHHArC),
3.71 (d, J 11.8 Hz, 1H, NCHHArC), 3.53 — 3.46 (m, 1H, CH,CHCH>), 2.88 (dd, J 11.4, 6.0
Hz, 3H, N(CH>CH:)2N), 2.59 - 2.47 (m, 3H, CHCHHCH, CHCH>N), 2.35 (s, 3H, NCH;), 2.01
(dt, J 10.4, 8.3 Hz, 1H, CHCHHCH), 1.91 — 1.78 (m, 2H, N(CH.CHH):N), 1.49 — 1.37 (m,
2H, N(CH2CHH):N). 3C NMR (101 MHz, Chloroform-d) & 146.1 (+, 1-C CsH3(CF3),), 136.6
(+,1-CCeH4Br), 133.1 (-, 3-CH C¢H4Br), 131.7 (-, 4-CH C¢H4Br), 131.0 (+, q, J 34.8 Hz,
3- & 5-C CsH3(CFs)2), 129.2 (-, 6-CH C¢H4Br), 127.1 (-, 5-CH CsH4Br), 126.8 ( -, 2- & 6-
CH C¢H3(CF3)2), 124.8 (+, C(CF3)2), 120.7 ( - , 4-CH CsH3(CF3)2), 64.5 ( - , ArCCHCH»),
62.1 (-, CH.CHCH»), 60.9 ( +, CHCH2N), 50.0 ( +, C(CH2CH2):2N), 45.4 (-, NCHs), 31.8
(+,CHCHxCH), 30.8 (+, C(CH2CH2)2N). FTIR (Vmax, neat): 2940.9, 2788.0, 1595.3, 1371.7,
1258.7,1170.4, 1133.1 MS ToF EI+ (m/z): 564.1 [M+]+ ("Br) & 566.0 [M+2]+ (3! Br). HRMS

(ESI) m/z calcd for CosH2sBrFsN3 [M+H]+ 564.14436, found 564.14397 (-0.68 ppm error)
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53.4.7.  rac-N-(2 A-cis)-4-(3,5-bis(trifluoromethyl)phenyl)-1-(2-bromobenzyl)azetidin-2-
yl)-N-methyl-N-((5-methylfuran-2-yl)methyl)methanamine (3m)
O Prepared using General Procedure F in a parallel fashion:
1\{/\@/

N lodo-azetidine starting material (45 mg, 0.08 mmol, 1.0

FsC Br Eq), N-methyl-1-(5-methylfuran-2-yl)methanamine (25

CF; mg, 0.2 mmol, 2.5 Eq), triethylamine (0.24 mmol, 3.0 Eq).

Colourless oil, 18 mg, 39%.

'H NMR (400 MHz, Chloroform-d) & 7.71 (d, J 1.6 Hz, 2H, 2- & 6-H CsHs(CF3)), 7.59 (s,
1H, 4-H C6H3(CF3)), 7.38 (dd, J 7.6, 1.8 Hz, 1H, Ar 3-H CeHuBr), 7.19 (dd, J 7.6, 1.8 Hz,
1H, 5-H CeH4Br), 7.03 (td, J 7.6, 1.8 Hz, 1H, 4-H CH,Br), 6.94 (td, J 7.6, 1.8 Hz, 1H, 6-H
CsH4Br), 6.04 (d, J 3.0 Hz, 1H, 5-H C4H,0), 5.88 (dd, J 3.0, 1.1 Hz, 1H, 4-H C4H,0), 4.16
(app t, J 8.1 Hz, 1H, ArCCHCH,), 3.92 (d, J 12.4 Hz, 1H, NCHHArC), 3.72 (d, J 12.4 Hz,
1H, NCHHAIC), 3.53 — 3.42 (m, 3H, CH,CHCH,, NCHy(CsH,0), 2.69 — 2.56 (m, 2H,
CHCHHN(CH3)CH,, CHCHHCH), 2.47 (dd, J 12.9, 8.1 Hz, 1H, CHCHHN(CH;)CH.), 2.26
(s, 3H, N(CH2)CHs), 2.25 (s, 3H, 3-CHs C4H,0), 1.71 (dt, J 10.4, 8.4 Hz, 1H, CHCHHCH).
13C NMR (101 MHz, Chloroform-d) 8 146.2 (+, 3-C C4H,0), 136.6 (+, 1-C C4H,0), 132.8
(-, 3-CH C¢HsBr), 131.8 ( -, 6-CH C¢HsBr), 131.1 ( +, 1-C CeHs(CF3)), 128.9 ( -, 4-CH
CsHsBr), 127.5 (+, 1-C CsHsBr), 126.9 (5-CH CeHsBr), 126.8 ( - , 2- & 6-CH CeHs(CFs),),
124.8 (+, 2-C C¢HaBr), 120.6 ( -, 4-CH CsH3(CF3)2), 109.6 ( -, 5-CH C4H,0), 105.9 ( 4-CH
C4H20), 65.0 ( -, ArCCHCH,), 61.9 (+ , CHCHoN(CH3)CH), 61.1 ( -, CHyCHCH,N), 60.5
( + , N(CH3)CH(C4H20)), 54.6 ( + , NCH(CsHiBr), 43.1 ( - , N(CH2)2CHs), 34.8 ( + ,
CHCH,CH), 13.6 ( - , (C4H,0)CH3). MS TOF EI+ (m/z): 575.1 [M]+. HRMS (m/z): calcd.

for C26H2sBrF¢N>O [M+H]+, 575.11272, found, 575.11232.
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5.3.5. NO; Amino-Azetidine Set

53.5.1.  rac-N-(2A-cis)-1-(2-bromobenzyl)-4-(4-nitrophenyl)azetidin-2-yl)methyl)-2-
methoxyethan-1-amine (3n)

o-_ Prepared using General Procedure F in a parallel fashion:

N o~
H Iodo-azetidine starting material (25 mg, 0.056 mmol, 1.0
N
Eq), 2-methoxyethan-1-amine (6 mg, 0.08 mmol, 1.5 Eq),
Br
O,N triethylamine (24 pL, 0.17 mmol, 3.0 Eq). Brown oil, 5 mg,

21%

'H NMR (400 MHz, Chloroform-d) & 8.05 (d, J 8.4 Hz, 2H, 3- & 5-H CsHiNO»), 7.47 (d, J
9.1 Hz, 2H, 2- & 6-H CeHuNO»), 7.20 — 7.06 (m, 3H, 3-, 5- & 6-H CsHiBr), 7.01 (td, J 7.6,
1.8 Hz, 1H, 4-H CeH,Br), 4.17 (dd, J 16.43, 8.27 Hz, |H, CHCH2CH), 3.93 (d, J 12.7 Hz, 1H,
NCHHAT), 3.79 — 3.72 (m, 2H, NCHHAr, CHCH.CH), 3.47 (t, J 5.3 Hz, 2H, NHCH,CH>),
3.37(s, 3H, CH3), 2.73 (t,J 5.3 Hz, 2H, CHCH,NH), 2.53 (dt,J 10.3, 7.2 Hz, 1H, CHCHHCH),
2.41 —2.33 (m, 2H, NHCH,CHy), 1.92 (dt, J 10.3, 7.2 Hz, 1H, , CHCHHCH). 3C NMR (101
MHz, Chloroform-d) & 151.6 (4-C CeHsNO»), 134.1 (3-C CsHaBr), 132.9 (6-C CsH4Br), 130.5
(4-C CeHiBr), 128.9 (5-C CeHuBr), 128.2 (2- & 6-C CeHiNOy), 123.8 (3- & 5-C CsHaNO»),
123.3 (2-C CeHyBr), 65.1 (NHCH2CHa), 60.9 (ArCHCH,), 60.8 (CHCH,CH), 58.9 (CHs),
51.65 (NCHAr), 49.7 (CHCH,NH), 43.1 (NHCH,CH,), 31.5 (CHCH,CH). MS TOF EI+

(m/z): 434.1 [M]+.
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5.3.5.2.  rac-N-(24-cis)-1-(2-bromobenzyl)-4-(4-nitrophenyl)azetidin-2-yl)methyl)-2-
ethylbutan-1-amine (30)

Prepared using General Procedure F in a parallel fashion:

E/\C Iodo-azetidine intermediate (25 mg, 0.056 mmol, 1.0 Eq)

B intermediate was dissolved in DCM (1.0 mL) and stirred with

ON 2-ethylbutylamine (8.5 mg, 0.08 mmol, 1.5 Eq) and

triethylamine (24 pL, 0.17 mmol, 3.0 Eq). Brown Oil, 10.5 mg, 32%.

'"H NMR (400 MHz, Chloroform-d) & 8.11 (d, J 7.8 Hz, 2H, 3- & 5-H CsH4NO»), 7.49 (d, J
9.0 Hz, 2H, 2- & 6-H CsHsNO), 7.29 — 7.23 (m, 2H, 3- & 5-H C¢H4Br), 7.18 (td, J 7.6, 1.5
Hz, 1H, 6-H CsH4Br), 7.09 (td, J 7.6, 1.5 Hz, 1H, 3-H C¢H4Br), 4.23 (dd, J 8.2 Hz, 1H,
ArCHCH»), 3.95 (d, J 12.1 Hz, 1H, NCHHAr), 3.75 (d, J 12.1 Hz, 1H, NCHHAr), 3.07 — 3.00
(m, 1H, CHCH:CH), 2.69 (dd, J 12.0, 6.1 Hz, 1H, CHCHHNH), 2.63 — 2.52 (m, 2H,
CHCHHNH, CHCHHCH), 2.47 (dd, J 12.4, 5.3 Hz, 1H, CHHCH(CH:CH3s)2), 2.34 (dd, J 12.4,
5.3 Hz, 1H, CHHCH(CH2CHz3)»>), 2.14 (dt, J 11.2, 8.7 Hz, 1H, CHCHHCH), 1.56 — 1.52 (m,
1H, CH(CH2CHzs)2), 1.40 — 1.29 (m, 4H, CH(CH>CHzs)2), 0.91 — 0.83 (m, 6H, CH(CH2CHs)»).
I3C NMR (101 MHz, Chloroform-d) & 149.6 (4-C C¢HsNO»), 136.3 (3-C C¢H4Br), 133.2 (2-
& 6-C CsHaNOy), 131.8 (5-C CsH4Br), 129.6 (4-C C¢H4Br), 127.3 (3- & 5-C C¢HaNO»), 123.6
(6-C CeH4Br), 65.0 (ArCHCH2CH), 60.7 (CHCH2CH), 59.9 (NCH2Ar), 52.0 (CHCH2NH),
38.8 (NHCH:CH), 30.7 (CH(CH:CHs)2), 23.5 (CHCH2CH), 10.6 (CH(CH2CH3)2), 10.5
(CH(CH2CH3)2). MS TOF EI+ (m/z): 460.1 [M]+. HRMS (m/z): calcd. for C23H30BrN3;O»

[M+H]+, 460.15942 , found, 460.1588
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5.3.5.3.  rac-N-(2 4-cis)-1-(2-bromobenzyl)-4-(4-nitrophenyl)azetidin-2-
yl)methyl)piperidine (3p)
Prepared using General Procedure F in a parallel fashion: Iodo-
\ azetidine intermediate (25 mg, 0.056 mmol, 1.0 Eq)
intermediate was dissolved in DCM (1.0 mL) and stirred with

ON piperidine (8.5 pL, 0.08 mmol, 1.5 Eq) and triethylamine (24

pL, 0.17 mmol, 3.0 Eq). Brown Oil, 11.1 mg, 30%.

'"H NMR (400 MHz, Chloroform-d) & 8.06 — 7.98 (m, 2H, 3- & 5-H CsH4NOy), 7.46 — 7.41
(m, 2H, , 2- & 6-H CsHsNOy), 7.31 — 7.22 (m, 2H, 3- & 5-H C¢H4Br), 7.07 (td, J 7.6, 1.5 Hz,
1H, 6-H CsH4Br), 6.98 (td, J 7.6, 1.5 Hz, 1H, 3-H CsH4Br), 4.18 (dd, J 8.1 Hz, 1H, ArCHCH.>),
398 (d, J 12.8 Hz, 1H, NCHHAr), 3.71 (d, J 12.8 Hz, 1H, NCHHATr), 3.51 (m, 1H,
CHCH:CH), 2.65 (dt, J 10.4, 8.5 Hz, 1H, CHCHHCH), 2.57 (dd, J 12.9, 3.6 Hz, 1H.
CHCHHNH), 2.47 — 2.33 (m, 5SH, CHCHANH, N(CH>CH:).CH), 1.73 (dt, J 10.4, 8.5 Hz,
1H, CHCHHCH), 1.62 - 1.54 (m, 4H, N(CH:CH»)CH;), 1.47 - 136 (m, 2H,
N(CH>CH»),CH>). 3C NMR (101 MHz, Chloroform-d) 8 151.2 (1-C C¢HsNO»), 146.8 (4-C
CsHaNO»), 136.9 (1-C CsH4Br), 132.7 (3-C CsH4Br), 131.8 (6-C CsH4Br), 128.9 (4-C C¢H4Br),
128.2 (5-C Cg¢H4Br), 127.2 (2- & 6-C CsHaNO2), 123.7 (2-C Ce¢H4Br), 123.2 (3- & 5-C
CsHaNO»), 65.6 (CHCH2CH), 64.7 (CHCH2N), 60.6 (CHCH2CH), 55.1 (N(CH2CH2)2CH>»),
51.6 (NCH2Ar), 35.5 (CHCH2CH), 25.6 (N(CH2CH2)2CHz), 23.9 (N(CH2CH2)2CHz). MS TOF
El+ (m/z): 444.1 [M]+. HRMS (m/z): calcd. for C22H26BrN3zO, [M+H]+, 444.12812, found,

444.1274
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53.54.  rac-N-(24-cis)-1-(2-bromobenzyl)-4-(4-nitrophenyl)azetidin-2-yl)-N-(pyridin-3-

ylmethyl)methanamine (3q)

/\@ Prepared using General Procedure F in a parallel fashion:
N\
H N lodo-azetidine (25 mg, 0.056 mmol, 1.0 Eq) intermediate was

Br dissolved in DCM (1.0 mL) and stirred with 3-

ON methylpyridine (7.8 uL, 0.08 mmol, 1.5 Eq) and

triethylamine (24 pL, 0.17 mmol, 3.0 Eq). Brown Oil, 14.4 mg, 39%.

'H NMR (400 MHz, Chloroform-d) & 8.51 — 8.48 (m, 2H, 2-& 4-H CeH.N), 8.09 — 8.04 (m,
2H, 3- & 5-H CHaNO»), 7.61 (dt, J 7.7,2.0 Hz, 1H, 6-H C¢HaN), 7.50 — 7.46 (m, 2H, 2- & 6-
H C6HiNO»), 7.50 — 7.46 (1H, 5-H CeHuN), 7.26 — 7.20 (m, 2H, 3- & 5-H CeH4Br), 7.08 (td,
J 7.6, 1.5 Hz, 1H, 6-H CsH4Br), 7.00 (td, J 7.6, 1.5 Hz, 1H, 4-H C¢HyBr), 4.16 (app t, J 8.2
Hz, 1H, CHCH,CH), 3.88 (d, J 12.4 Hz, 1H, NCHHATr), 3.77 — 3.64 (m, 3H, NCHHA,
NHCH,Ar), 3.52 — 3.45 (m, 1H, CHCH,CH), 2.58 — 2.45 (m, 3H, CHCHHCH. CHCH,NH),
2.03 (dt, J 10.3, 8.6 Hz, 1H, CHCHHCH). MS TOF EI+ (m/z): 467.1 [M]+. HRMS (m/z):

calcd. for C23H23BrN402 [M+H]+, 467.10772, found, 467.1070.
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5.3.5.5.  rac-N-(2 4-cis)-1-(2-bromobenzyl)-4-(4-nitrophenyl)azetidin-2-yl)-N-(2,3-

dimethoxybenzyl)methanamine (3r)

~0 \ Prepared using General Procedure F in a parallel fashion:
N /\@ ? lodo-azetidine intermediate (25 mg, 0.056 mmol, 1.0 Eq)
N i intermediate was dissolved in DCM (1.0 mL) and stirred
Br with 2,4-dimethoxybenzylamine 12.0 pL, 0.08 mmol, 1.5
O,N

Eq) and triethylamine (24 pL, 0.17 mmol, 3.0 Eq). Brown

Oil, 6.1 mg, 15%.

'H NMR (400 MHz, Chloroform-d) & 8.07 — 8.03 (m, 2H, , 3- & 5-H C¢H4NO»), 7.46 — 7.42
(m, 2H, 2- & 6-H C¢H4NO»), 7.40 (dd, J 7.6, 1.6 Hz, 1H, 3-H C¢HyBr), 7.17 (dd, J 7.6, 1.6
Hz, 1H, 5-H CsH4Br), 7.13 (d, J 8.1 Hz, 1H, 6-H CsH3(OCHs),), 7.06 (td, J 7.6, 1.6 Hz, 1H,
6-H CsHiBr), 6.98 (td, J 7.6, 1.6 Hz, 1H, 4-H CsH,Br), 6.48 — 6.42 (m, 2H, 4- & 5-H
CsH3(OCHs)), 4.17 (dd, J 8.2 Hz, 1H, CHCH,CH), 3.86 (d, J 13.2Hz, 1H, NCHHAr), 3.83
(s, 3H, OCHs), 3.82 (s, 3H, OCHs), 3.81 — 3.68 (m, 3H, NCHHAr, NHCHx(CsH3(OCHs)n)),
3.57 —3.49 (m, 1H, CHCH,CH), 2.81 (dd, J 12.5, 4.4 Hz, 1H, CHCHHNH), 2.66 (dd, J 12.5,
4.4 Hz, 1H, CHCHHNH), 2.53 (dt, J 10.7, 8.1 Hz, 1H, CHCHHCH), 2.00 (dt, J 10.7, 8.1 Hz,
1H, CHCHHCH). MS TOF EI+ (m/z): 526.1 [M]+. HRMS (m/z): caled. for Ca6HasBrNsO4

[M+H]+, 567.43100, found, 526.1327.
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5.3.5.6.  rac-N-(2 4-cis)-1-(2-bromobenzyl)-4-(pyridin-3-yl)azetidin-2-yl)methyl)propan-

2-amine (3s)

>\ Prepared using General Procedure F in a parallel fashion: Iodo-
azetidine intermediate (25 mg, 0.056 mmol, 1.0 Eq) intermediate was

dissolved in DCM (1.0 mL) and stirred with N-isopropylamine (45

Br
pL,0.17 mmol, 1.5 Eq) and triethylamine (24 pL, 0.17 mmol, 3.0 Eq).

Brown Oil, 6.2 mg, 21%

'H NMR (400 MHz, Chloroform-d) & 8.53 (d, J 2.3 Hz, 1H, 2-H CsH4N), 8.40 (dd, J 4.8, 1.7
Hz, 1H, 4-H CsHiN), 7.75 (dt, J 7.8, 2.0 Hz, 1H, 6-H CsHaN), 7.45 (dd, J 8.0, 1.3 Hz, 1H, 3-
H CsH4Br), 7.28 (dd, J 7.6, 1.8 Hz, 1H, 5-H CsHuN), 7.18 — 7.14 (m, 1H, 5-H C¢H4Br), 7.11
(td,J 7.6, 1.8 Hz, 1H, 6-H CsH4Br), 7.01 (td, J 7.6, 1.8 Hz, 1H, 4-H CsHaBr), 4.07 (app t,J
8.1 Hz, 1H, ArCCHCH.,), 3.88 (d, J 12.5 Hz, 1H, NCHHArC), 3.68 (d, J 12.5 Hz, 1H,
NCHHATC), 3.47 — 3.40 (m, 1H, NHCH(CHz)), 2.63 — 2.40 (m, 5H, CHCH,CH(CHs),
CH,CHCH,, CHCHHCH), 1.99 (dt, J 10.4, 8.6 Hz, 1H, CHCHHCH), 1.00 (d, J 6.2 Hz, 3H,
CH(CH3)), 0.94 (d, J 6.2 Hz, 3H, CH(CH3)). 3C NMR (101 MHz, Chloroform-d) & 148.6 ( -
, ArCHNATCH), 148.5 (- , ArtCHNArCH), 138.5 (+, ArC CsHaN), 137.2 (+, ArC CsH4Br),
134.6 ( -, ArCH CsHiN), 132.8 ( -, ArCH C¢HsBr), 131.6 ( - , ArCH C¢HiBr), 128.9 ( -,
ArCH CsH4Br), 127.1 ( - , ArCH CsH,Br), 124.6 ( + , ArCBr CeHaBr), 123.2 ( -, ArCH
CsHuN), 634 ( -, ArCCHCH,), 62.6 ( - , CH(CHs)), 60.9 ( + , NCH,ATC), 51.5 ( +,
CHCH,NH), 49.2 ( -, CH,CHCH,), 31.1 ( +, CHCH,CH), 23.2 ( - , CH(CHz)), 22.6 ( -,

CH(CHs)). MS TOF EI+ (m/z): 373.1 [M]+.
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5.3.6. 4,6-Fused Bicyclic Scaffolds
5.3.6.1.  rac-(6,8-cis)-(4-nitrophenyl)-1,4-diazabicyclo[4.2.0]octane (4a)

Ng Prepared using General Procedure D: Azido-Azetidine intermediate
N . .
(2.7 g, 6.1 mmol, 1.0 Eq), triphenylphosphine (4.6 g, 15.8 mmol, 2.5
O,N Eq) and water (2.2 mL, 122.0 mmol, 20.0 Eq) in THF (25 mL, 0.24M).

Colourless oil, 1.9 g, 72%

'"H NMR (400 MHz, Chloroform-d) 4 8.18 (d, J 8.5 Hz, 2H, 3- & 5-CH CsH4NO»), 7.55 (d, J
8.5 Hz, 2H, 2- & 6-CH C¢H4NO»), 4.31 (dd, J 8.0, 5.6 Hz, 1H, ArCCHCH), 3.10 — 2.99 (m,
4H, CHCH;NH, CHCH>NH, NCHHCH2N), 2.93 — 2.86 (m, 1H, NCHHCH:N), 2.81 — 2.79
(m, 1H, NCH2CHHN), 2.78 (s, 1H, NH), 2.56 (dd, J 10.1, 3.5 Hz, 1H, NCH2CHAN), 2.48 (dt,
J 9.3, 5.9 Hz, IH, CHCHHCH), 2.09 (q, J 8.7 Hz, IH, CHCHHCH). 3C NMR (101 MHz,
Chloroform-d) ¢ 149.1 ( +, 1-C C¢HaNO»), 147.3 ( +, 4-C CsHaNO2), 127.3 ( -, 2- & 6-CH
CsHaNO»), 123.7 ( -, 3- & 5-CH C¢H4NO»), 67.0 ( - , ArCCHCHy), 61.5 ( - , CH2CHCH>»),
51.3 (+,NCH2CH2N), 49.5 (+, NCH2CH2N), 45.1 (+, CHCH2NH), 37.2 (+, CHCH2CH).
FTIR vmax 3276, 1274, 894. MS ToF EI+ (m/z): 234.1 [M+H]+. HRMS (ESI) m/z calcd for

C12H15N302 [M+H]+ 234.12370, found 234.1237.
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5.3.6.2.  rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-1,4-diazabicyclo[4.2.0]octane

(4b)

Prepared using General Procedure D: Azido-Azetidine intermediate
NH

. NJ (10.6 g, 23.8 mmol, 1.0 Eq), triphenylphosphine (16.1g, 61.7 mmol,
3

2.5 Eq) and water (8.6 mL, 475 mmol, 20.0 Eq) in THF (120 mL,

CF
’ 0.24M). Colourless oil, 3.5g, 49%

'H NMR (400 MHz, Chloroform-d) § 7.90 (s, 2H, Ar), 7.75 (s, 1H, Ar), 4.01 (dd, J 8.2, 8.2
Hz, 1H, ArCHCH.), 3.20 (ddd, J 12.7, 8.0, 4.8 Hz, 1H, ArCHCH.CH), 2.86 (qd, J 13.2, 4.8
Hz, 2H, CHNCH,CH,), 2.80 —2.73 (m, 1H, NCH,CHHN), 2.65 — 2.48 (m, 4H, ArCHCHHCH,
NCH2CHHN, CHCH,CHCH,N), (dt, J 10.6, 8.4 Hz, 1H, ArtCHCHHCH), 1.37 (s, 1H, NH).
13C NMR (101 MHz, Chloroform-d) & 126.7 (Ar), 121.2 (Ar), 65.1 (ArCH), 64.1
(ArCHCH,CH), 61.4 (NCH,CH,NH), 46.3 (NCH,CH.NH), 40.3 (CHCH,CH), 30.4
(ArCHCH,CH). FTIR vinax 3276, 2832, 894. MS ToF EI+ (m/z): 325.1 [M+H]+. HRMS (ESI)

m/z calcd for Ci4H14F¢N2 [M+H]+ 325.11339, found 325.1140.
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5.3.6.3.  rac-(6,8-cis)-8-(4-nitrophenyl)-4-((2-nitrophenyl)sulfonyl)-1,4-
diazabicyclo[4.2.0]octane (4¢)

0 NO, Protected azetidine (80 mg, 0.18 mmol 1.0 Eq) was dissolved

N I\Ej in dichloromethane (1.7 mL, 0.04 M) and was subsequently

cooled to 0 °C. Triethylamine (77 pL, 0.55 mmol, 3.0 Eq)
O,N was added followed by the dropwise addition of
methanesulfonyl chloride (1.2 pL, 0.27 umol, 1.1 Eq). The reaction mixture was stirred for 30

min at 0 °C. and was quenched with water (4 mL), the aqueous layer was extracted with
dichloromethane (3 x 10 mL). The combined organic fractions were dried over Na>SOs, filtered
and concentrated in vacuo to provide the crude mesylated product. The resultant sulfonate was
redissolved in N, N-dimethylformamide (1.7 mL, 0.044 M) and potassium carbonate (51 mg,
37 mmol, 2.0 Eq)) was added as a single portion. The reaction mixture was heated to 65 °C for
1 h. The reaction mixture was cooled and extracted with ethyl acetate (3 x 10 mL) and washed
with water (2 x 10 mL) and brine (4 x 10 mL). The combined organic fractions were dried over
Na»S0s4, and solvent was removed under reduced pressure and the resulting residue was
purified using reverse-phase chromatography using CH3CN/H>O to provide pure product (4a)

as a yellow oil, 13.4 mg, 18%.

'H NMR (400 MHz, Chloroform-d) & 8.18 — 8.13 (m, 2H, 3- & 5-H CsHiNO»), 8.05 (dd, J
7.3, 1.9 Hz, 1H, 2-H SO»(CsHsNO2)), 7.80 — 7.70 (m, 2H, 4- & 5-H SO2(CsHaNO»)), 7.67 (dd,
J 7.5, 1.7 Hz, 1H, 6-H SO2(CsHaNO»)), 7.53 — 7.48 (m, 2H, 2- & 6-H CsHiNOy), 4.51 (dd, J
5.6, 2.9 Hz, 1H, CHCH,CH), 4.33 — 4.28 (m, 1H, CH,CHCH,), 3.59 — 3.49 (m, 1H,
CHCHHN), 3.31 — 3.18 (m, 2H, CHCHAN, NCH.CHHN), 3.04 (dt, J 12.3, 2.1 Hz, 1H,
NCHHCH,N), 2.94 (t, J 10.2 Hz, 1H, NCH,CHHN), 2.60 — 2.55 (m, 1H, NCHHCH.N), 2.49

(td, J 14.2, 7.2 Hz, 1H, CHCHHCH), 2.01 (dt, J 14.3, 7.2 Hz, 1H, CHCHHCH). 3C NMR
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(101 MHz, Chloroform-d) 6 134.3, 131.1, 130.7, 124.4, 123.8, 123.8, 64.2, 58.7, 56.9, 52.9,

43.6,40.9, 37.1. MS ToF EI+ (m/z): 419.0 [M+H]+.

53.6.4.  rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-4-((2-nitrophenyl)sulfonyl)-1,4-
diazabicyclo[4.2.0]octane (4d)

o o No, Protected azetidine (500 mg, 0.948 mmol 1.0 Eq) was

\ 7/

.S

N dissolved in dichloromethane (10 mL) and was
N

F3C subsequently cooled to 0 °C. Triethylamine (396 pL, 2.8

CF; mmol, 3.0 Eq) was added followed by the dropwise addition
of methanesulfonyl chloride (81 pL, 1.1 mmol, 1.1 Eq). The reaction mixture was stirred for
30 min at 0 °C. and was quenched with water (8 mL), the aqueous layer was extracted with
dichloromethane (3 x 15 mL). The combined organic fractions were dried over Na>SOs, filtered
and concentrated in vacuo to provide the crude mesylated product. The resultant sulfonate was
redissolved in N, N-dimethylformamide (10 mL) and potassium carbonate (262 mg, 1.9 mmol,
2.0 Eq)) was added as a single portion. The reaction mixture was heated to 65 °C for 1 h. The
reaction mixture was cooled and extracted with ethyl acetate (3 x 15 mL) and washed with
water (2 x 15 mL) and brine (4 x 15 mL). The combined organic fractions were dried over
Na»S0s4, and solvent was removed under reduced pressure and the resulting residue was
purified using reverse-phase chromatography using CH3CN/H>O to provide pure product (SC-

5-CFs-1) as a yellow oil, 382 mg, 87%.

"H NMR (400 MHz, Chloroform-d) & 8.02 — 7.98 (m, 1H, 3-H CsHsNO»), 7.82 (s, 2H, 2- & 6-
H CsH3(CFs)2), 7.77 (s, 1H, 4-H CsH3(CF3)2), 7.76 — 7.70 (m, 2H, 4- & 5-H CsHaNO»), 7.67
—17.63 (m, 1H, 6-H C¢H4NO»), 4.32 (dd, J 8.0, 5.4 Hz, 1H, CHCH,CH), 3.97 — 3.89 (m, 1H,

CHCHHN), 3.86 (td, J 12.3, 1.6 Hz, 1H, NCH,CHHN), 3.17 (td, J 11.7, 3.5 Hz, 1H,
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NCH,CHAN), 3.11 — 3.03 (m, 2H, CH,CHCH,, CHCHHN), 2.86 (td, J 10.4, 3.4 Hz, 1H,
NCHHCH,N), 2.61 (td, J 10.4, 3.4 Hz, 1H, NCHHCH,N), 2.53 (dt, J 8.9, 5.2 Hz, 1H,
CHCHHCH), 2.05 (q,J 8.9 Hz, |H, CHCHHCH). *C NMR (101 MHz, Chloroform-d) 5 148.3
(2-C CeH4NO,), 144.1 (1-C CeH3(CF3),), 133.8 (6-C CsHaNO,), 131.8 (1-C CeHaNO,), 131.7
(q, J 32.2 Hz, 3- & 5-C CeH3(CF3),), 131.7 (5-C CeHuNO»), 130.9 (4-C CsHaNO,), 126.8 (2-
& 6-C CsH3(CF3)y), 124.2 (3-C CsHaNO,), 123.3 (q,J272.7 Hz, CF3), 121.5 (4-C CeHs(CFs),),
66.2 (CHCH,CH), 59.7 (CHCH,CH), 50.9 (CHCH.N), 49.8 (NCH.CH.N), 46.1
(NCH2CH,N), 36.9 (CHCH,CH). MS ToF EI+ (m/z): 510.0 [M+H]+. HRMS (ESI) m/z calcd

for C20H17FsN304S [M+H]+ 510.09167, found 510.0907.
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5.3.7. 4,6-Fused Scaffold Library
53.7.1.  rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-N-(p-tolyl)-1,4-
diazabicyclo[4.2.0]octane-4-carboxamide (4e)
Prepared using General Procedure G in a parallel
J\ fashion: 4,6-fused scaffold (4b) (30 mg, 0.093 mmol,
F,C 1.0Eq), 1-isocyanato-4-methylbenzene (18.48 mg,
. 0.139 mmol, 1.5 Eq), triethylamine (38.7 uL, 0.278
3

mmol, 3.0 Eq) in dichloromethane (1 mL, 0.093 M). Purified using preparative HPLC under

basic conditions, 32 mg, 76%

'H NMR (400 MHz, Chloroform-d) & 7.85 (s, 2H, 2- & 6-H CeH3(CF3)), 7.80 (s, 1H, 4-H
CeHs(CFs)), 7.25 — 7.20 (m, 2H, 3- & 5-H CeHa(CH3)), 7.13 — 7.06 (m, 2H, , 2- & 6-H
CeHa(CH3)), 6.25 (s, 1H, NH), 4.43 (dd, J 7.9, 5.7 Hz, 1H, CHCH,CH), 4.07 (dd, J 8.5, 8.5
Hz, 1H, NCH,CHHN), 3.96 (dt, J 12.4,3.2 Hz, IH, CHCHHN), 3.28 (td, J 12.4,3.2 Hz, 1H,
CHCHAHN), 3.18 — 3.14 (m, 2H, NCH,CHHN, CH>CHCH>), 2.85 (dt, J 10.1, 3.5 Hz, 1H,
NCHHCH:N), 2.63 —2.50 (m, 2H, NCHHCH,;N, CHCHHCH), 2.30 (s, 3H, CH3), 2.23 - 2.12
(m, 1H, CHCHHCH). 3C NMR (101 MHz, Chloroform-d) § 155.4, 138.89, 138.8, 128.8,
127.2, 124.2, 120.8, 117.1, 65.8, 59.0, 48.5, 47.5, 43.7, 34.4, 21.5. FTIR vmax 3004, 2840,
1617, 1036. MS ToF EI+ (m/z): 458.2. HRMS (ESI) m/z caled for CoxHaiFeNO [M+H]+

458.16616, found 458.1656.
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53.7.2.  rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-N-isopropyl-1,4-

diazabicyclo[4.2.0]octane-4-carboxamide (4f)

0 Prepared using General Procedure G in a parallel fashion:
Aoy
N

4,6-fused scaffold (4b) (30 mg, 0.093 mmol, 1.0 Eq), 2-
FC isocyanatopropane (11.81 mg, 0.139 mmol, 1.5 Eq),
CF, triethylamine (39 uL, 0.278 mmol, 3.0 Eq) in
dichloromethane (1 mL, 0.093 M). Purified using preparative HPLC. Colourless solid, 20 mg,

53%.

'"H NMR (400 MHz, Chloroform-d) & 7.83 (s, 2H, Ar), 7.79 (s, 1H, Ar), 4.40 (dd, J 7.9, 5.8
Hz, 1H, ArCHCH:CH), 4.15 (d, J 7.8 Hz, 1H, NHCHCH3), 3.98 (hept, J 7.3 Hz, 1H,
NHCHCH3), 3.91 (dd, J 10.8, 2.4 Hz, 1H, CHCH.CHCHH), 3.78 (dt, J 12.3, 3.3 Hz, 1H,
NCH2CHHN), 3.19 - 2.98 (m, 3H, CHCH.CHCH,, CHCH,CHCHH, NCH>CHHAN), 2.80 (dt,
J 10.2, 3.5 Hz, 1H, NCHHCH:N), 2.58 — 2.42 (m, 2H, NCHHCH:N, ArCHCHHCH), 2.15 (q,
J 8.6 Hz, 1H, ArCHCHHCH), 1.17 (s, 3H, CHCH3), 1.15 (s, 3H, CHCH3). 3C NMR (101
MHz, Chloroform-d) 6 127.0 (Ar), 121.5 (Ar), 65.9 (ArCH), 59.3 (CHCH2CHCH>), 48.8
(NCH2CH2N), 47.6 (CH2CHCH:2N), 43.4 (NCH2CH2N), 42.7 (CHCH3), 35.3 (ArCHCH,CH),
23.5 (CH3). FTIR vmax 2933, 894. MS ToF El+ (m/z): 410.2. HRMS (ESI) m/z calcd for

CI18H21F6N30 [M+H]+ 410.16616, found 410.1651.
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5.3.7.3.  rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-4-(cyclohexylsulfonyl)-1,4-

diazabicyclo[4.2.0]octane (4g)

0.0 Prepared using General Procedure G in a parallel fashion:

\ 77

.S
N
N\) \O 4,6-fused scaffold (4b) (40 mg, 0.123 mmol, 1.0 Eq),

F;C
} cyclohexanesulfonyl chloride (27 pL, 0.185 mmol, 1.5 Eq),

CF; triethylamine (52 pL, 0370 mmol, 3.0 Eq) in
dichloromethane (1 mL, 0.123 M). Purified using preparative HPLC. Colourless oil, 28 mg,

48%.

'H NMR (400 MHz, Chloroform-d) § 7.84 (s, 2H, Ar), 7.78 (s, 1H, Ar), 4.29 (dd, J 8.0, 5.5
Hz, 1H, CHCH,CH), 3.87 (dd, J 10.9, 2.2 Hz, 1H, CH,CHCHHN), 3.85 — 3.80 (m, 1H,
NCH,CHHN), 3.26 (ddd, J 12.3, 10.9, 3.4 Hz, 1H, NCH,CHHN), 3.11 (q, J 10.3 Hz, 1H,
CH,CHCHHN), 3.04 (tdd, J 9.8, 5.2, 2.1Hz, 1H, CH,CHCH:N), 2.91 (it, J 12.0, 3.4 Hz, 1H,
SCHCH.), 2.81 (ddd, J 10.0, 3.4, 1.6 Hz, 1H, NCHHCH,N), 2.56 (td, J 10.5, 3.2 Hz, 1H,
NCHHCH:N), 2.49 (dt, J 9.1, 5.4 Hz, 1H, ArCHCHHCH), 2.14 (dt, J 14.4, 3.3 Hz, 2H,
SCHCHHCH,), 2.04 (q, J 8.7 Hz, 1H, ArCHCHHCH), 1.90 (dt, J 12.4, 3.5 Hz, 2H,
SCHCH,CHHCH.), 1.75 — 1.68 (m, 1H, CH.CHHCH,), 1.52 (qd, J 12.4, 3.5 Hz, 2H,
SCHCHHCH)), 1.35 — 1.17 (m, 3H, SCHCH,CHHCH,, CH,CHHCH,). 3C NMR (101 MHz,
Chloroform-d) § 126.8 (Ar), 121.5 (Ar), 66.4 (ArCH), 61.8 (SCHCH,), 60.5 (ArCHCH,CH),
51.2 (CH,CHCH,), 50.6 (NCH.CHaN), 46.3 (NCH,CH:N), 37.1 (ArCHCH,CH), 26.6
(SCHCH,CHb), 25.3 (SCHCH2CHb), 25.2 (CH2CH>CH). FTIR vVinax 3026, 1349 MS ToF EI+

(m/z): 471.2
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53.7.4.  rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-4-((4-fluoro-2-
methylphenyl)sulfonyl)-1,4-diazabicyclo[4.2.0]octane (4h)
Prepared using General Procedure G in a parallel
N fashion: 4,6-fused scaffold (4b) (30 mg, 0.093 mmol, 1.0

N .

F,C Eq), 4-fluoro-2-methylbenzenesulfonyl chloride (29 mg,

CF, 0.139 mmol, 1.5 Eq), triethylamine (38.7 pL, 0.278
mmol, 3.0 Eq) in dichloromethane (1 mL, 0.093 M). Purified using preparative HPLC, 10 mg,

25%

'H NMR (400 MHz, Chloroform-d) § 8.00 (td, J 7.9, 7.5, 5.2 Hz, 1H, 6-H CsH:F(CHs)), 7.88
(s, 2H, 2- & 6-H CeHs(CFs),), 7.83 (s, 1H, 4-H C¢Hs(CF3)), 7.05 — 6.91 (m, 2H, 3- & 5-H
CsH3F(CHz)), 4.05 (app t, J 8.2 Hz, 1H, CHCH,CH), 3.39 (dd, J 12.1, 7.8 Hz, 1H, CHCHHN),
3.18 — 3.06 (m, 3H, CH,CHCH,, CHCHHN, NCH,CHHN), 3.01 — 2.86 (m, 2H, NCH,CHEN,
NCHHCH:N), 2.65 — 2.62 (m, 1H, NCHHCH,N), 2.56 — 2.51 (m, 1H, CHCHHCH), 2.49 (s,
3H, CHs), 1.87 (dt, J 10.9, 8.5 Hz, 1H, CHCHHCH). 3C NMR (101 MHz, Chloroform-d)
145.5 (1-C CsH3(CFs)), 132.1 (2- & 6-C CsH3(CF3)a), 126.9 (6-C CsHsF(CHs)), 121.9 (4-C
CsH3(CFs)), 119.3 (3-C C6H:F(CHa)), 113.1 (5-C CeH:F(CHa)), 65.3 (CHCH,CH), 61.7
(CHCH,CH), 57.2 (CHCH:N), 46.5 (NCH,CH,N), 41.3 (NCH,CH,N), 29.9 (CHCH,CH),
20.3 (CHs). FTIR vmax 3295, 1602, 1479, 1278, 1155. MS ToF EI+ (m/z): 497.1 [M+H]+.

HRMS (ESI) m/z caled for CoiHioF7N,0,S [M+H]+ 497.44382, found 497.1119.
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5.3.7.5.  rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-1,4-diazabicyclo[4.2.0]octan-4-
yl)-2-(3,5-dimethyl-1H-pyrazol-1-yl)ethan-1-one (4i)
Prepared using General Procedure G in a parallel fashion:
NLE " > 4 6-fused scaffold (4b) (30 mg, 0.093 mmol, 1.0Eq), 2-
B N \) (3,5-dimethyl-1H-pyrazol-1-yl)acetic acid (14 mg, 0.093
mmol, 1.0 Eq), EDC.HCI (16 mg, 0.1 mmol, 1.1.Eq),
s HOAt (1.2 mg, 0.0093 mmol, 0.1 Eq) triethylamine (16
pL, 0.11 mmol, 1.2 Eq) in dichloromethane (1 mL, 0.093 M). Purified using preparative HPLC,

11 mg, 31%.

'H NMR (400 MHz, Chloroform-d) & 7.80 (s, 2H, 2- & 6-H CsHs(CFs)), 7.75 (s, 4-H
CsH3(CFs)2), 5.86 (s, 1H, C3HNa(CHa),), 4.67 (s, 2H, C=OCH:N), 4.02 (app t, J 8.1 Hz, 1H,
CHCH,CH), 3.50 (dd, J 14.0, 6.3 Hz, 1H, CHCHHN), 3.35 — 3.27 (m, 1H, CH,CHCH,), 3.27
—3.18 (m, 2H, CHCHHN, NCH,CHHN), 2.94 (dt, J 13.5, 5.8 Hz, H, NCH,CHHN), 2.69 —
2.64 (m, 1H, NCHHCH,N), 2.56 — 2.47 (m, 2H, NCH,CHHN, CHCHHCH), 2.19 (s, 3H,
CHs), 2.13 (s, 3H, CH3), 1.65 (dt, J 10.7, 8.3 Hz, 1H, CHCHHCH). 3C NMR (101 MHz,
Chloroform-d) & 168.4 (NC=0), 149.3 (3-C C:HN2(CHs),), 149.0 (1-C CeHs(CF3),), 146.0 (5-
C C3HNy(CHs)a), 140.4 (2- & 6-C CeHs(CFs)), 131.7 (q, J 33.1 Hz, 3- & 5-C CsHs(CFs)),
126.6 (4-C CeH3(CF3)2), 105.9 (4-C CHN»(CHs)), 61.1 (CHCH,CH), 56.9 (CHCH,CH), 51.8
(NCH2CH,N), 51.6 (NCH,CH:N), 51.2 (CHCH:N), 37.8 (C=OCH,), 30.6 (CHCH,CH), 13.5
(CHs), 10.9 (CHs). FTIR vmax 3287, 1666, 1278. MS ToF EI+ (m/2): 461.1 [M+H]+. HRMS

(ESI) m/z calcd for C21H22F¢N4O [M+H]+ 461.17706, found 461.1758.
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5.3.7.6.  rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-N-(3-fluorophenyl)-1,4-

diazabicyclo[4.2.0]octane-4-carboxamide (4j)

o /@\ Prepared using General Procedure G in a parallel
N

)

F;C 1.0 Eq), 1-fluoro-3-isocyanatobenzene (19 mg, 0.139

F fashion: 4,6-fused scaffold (4b) (30 mg, 0.093 mmol,

CF mmol, 1.5 Eq), triethylamine (38.7 uL, 0.278 mmol,
3

3.0 Eq) in dichloromethane (1 mL, 0.093 M). Purified using preparative HPLC, 9.9 mg, 26%

'H NMR (400 MHz, Chloroform-d) & 7.86 (s, 2H, 2- & 6-H CsHs(CFs),), 7.82 (s, 1H, 4-H
CsH3(CFs)), 7.31 — 7.19 (m, 2H, 2- & 5-H CsHF), 7.00 (dd, J 8.0, 2.0 Hz, 1H, 6-H CsHaF),
6.78 — 6.69 (m, 1H, 4-H CsH4F), 6.44 (s, 1H, NH), 4.55 (app. s, 1H, ), 4.09 — 4.03 (m, 1H,
CHCHHN), 3.94 (dt, J 12.3, 4.0 Hz, 1H, NCH,CHHN), 3.37 — 3.20 (m, 3H, CH,CHCHb,,
NCH,CHHN, CHCHHN), 2.87 (dt, J 10.5, 3.6 Hz, 1H, NCHHCN,N), 2.63 — 2.57 (m, 2H,
NCHHCN,N, CHCHHCH), 2.25 (q, J 9.2 Hz, 1H, CHCHHCH). 3C NMR (101 MHz,
Chloroform-d) & 168.4 (5-C CsH4F), 167.7 (C=ON), 149.3 (1-C C¢Hs(CF3).), 149.0 (1-C
CsH4F), 146.0 (C CeH4F), 140.6 (C C6HaF), 140.4 (C CsH4F), 126.6 (2- & 6-C CeHs(CFs)y),
121.5 (4-C CsH3(CFs)), 105.9 (5-C CeHuF), 65.2 (CHCH,CH), 61.1 (CHCH,CH), 51.7
(NCH,CH:N), 51.5 (CHCHN), 51.2 (NCH>CH,N), 30.6 (CHCH>CH). FTIR Vinax 3309, 1640,
1282, 1133. MS ToF EI+ (m/z): 462.3 [M+H]+. HRMS (ESI) m/z caled for CaiHisFaN;O

[M+H]+ 462.14109, found 462.1400.
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5.3.7.7.  rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-N-(5-fluoro-2-methylphenyl)-1,4-
diazabicyclo[4.2.0]octane-4-carboxamide (4k)
F Prepared using General Procedure G in a parallel
j\ fashion: 4,6-fused scaffold (4b) (30 mg, 0.093 mmol, 1.0
H .
N \) cH, Eq), 4-fluoro-2-isocyanato-1-methylbenzene (21 mg,
0.139 mmol, 1.5 Eq), triethylamine (38.7 pL, 0.278
CF,

mmol, 3.0 Eq) in dichloromethane (1 mL, 0.093 M).

Purified using preparative HPLC, 10.5 mg, 28%.

'"H NMR (400 MHz, Chloroform-d) & 7.87 (s, 2H, 2- & 6-H CsH3(CF3)2), 7.82 (s, 1H, 4-H
CsH3(CF3)2), 7.58 (dd, J 11.0, 2.7 Hz, 1H, 6-H CsH3F(CHs)), 7.09 (dt, J 8.6, 6.4 Hz, 1H, 3-H
Ce¢H3F(CHa)), 6.70 (td, J 8.2,2.7 Hz, 1H, 4-H CsH3F(CHz3)), 6.17 (d,J 3.4 Hz, 1H, NH), 4.71
(app. t, J 8.2 Hz, 1H, CHCH>CH), 4.09 — 4.03 (m, 1H, CHCHHN), 3.99 — 3.91 (m, 1H,
NCH2CHHN), 3.40 — 3.21 (m, 3H, CHCHHN, NCH,CHHAN, CH,CHCH>), 2.89 (dt, J 10.4,
3.6 Hz, 1H, NCHHCH:N), 2.62 (ddd, J 12.0, 7.6, 4.3 Hz, 2H, NCHHCH>N, CHCHHCH),
2.33 —2.22 (m, 1H, CHCHHCH), 2.20 (s, 3H, CH3). 13C NMR (101 MHz, Chloroform-d) &
162.5 (NC=ONH), 155.0 (3-CF C¢Hs3F(CHz3)), 130.9 (1-C CeHs3(CFs)2), 1309 (1-C
CsH3F(CHa)), 127.1 (2- & 6-C CsH3(CF3)2), 121.9 (4-C CsH3(CF3)2), 110.3 (6-C CsH3F(CHs)),
109.1 (4-C CsH3F(CHs)), 58.9 (CHCH2CH) 52.86 (CH2CHCH>), 48.8 (NCH2CH2N), 43.4
(NCH2CH2N), 31.5 (CHCH2CH), 17.1 (CHs). FTIR vmax 3295, 1640, 1278, 1133. MS ToF
El+ (m/z): 467.2 [M+H]+. HRMS (ESI) m/z calcd for C20H20F7N30 [M+H]+ 476.15674, found

476.1557.

225



5.3.7.8.  rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-4-(phenethylsulfonyl)-1,4-

diazabicyclo[4.2.0]octane (41)

@) Prepared using General Procedure G in a parallel

.S
N\)N (l)l\/\© fashion: 4,6-fused scaffold (4b) (30 mg, 0.093 mmol,

F;C
’ 1.0 Eq), 2-phenylethane-1-sulfonyl chloride (28 mg,
CF; 0.139 mmol, 1.5 Eq), triethylamine (38.7 pL, 0.278
mmol, 3.0 Eq) in dichloromethane (1 mL, 0.093 M). Purified using preparative HPLC, 7 mg,

18%.

'"H NMR (400 MHz, Chloroform-d) 8 7.83 (s, 2H, Ar), 7.78 (s, 1H, Ar), 7.38 — 7.31 (m, 2H,
Ar), 7.30 — 7.22 (m, 3H, Ar), 4.30 (dd, J 8.0, 5.5 Hz, 1H, ArCHCH>), 3.86 (d, J 9.4 Hz, 1H,
CH,CHCHHN), 3.84 — 3.80 (m, 1H, NCH,CHHN), 3.26 — 3.11 (m, 5H, NCH2CHAN,
SCHHCH:C, SCH2CHHC), 3.08 — 2.96 (m, 2H, CHCH>.CHCH,, CH.CHCHH), 2.85 (dq, J
10.2, 2.4 Hz, 1H, NCHHCH2N), 2.58 (td, J 10.1, 2,4 Hz, 1H, NCHHCH:N), 2.51 (dt, J 9.1,
5.3 Hz, 1H, ArtCHCHHCH), 2.04 (q, J 9.1 Hz, 1H, ArCHCHHCH). 3C NMR (101 MHz,
Chloroform-d) 6 128.9 (Ar), 128.4 (Ar), 127. 0 (Ar), 126.6 (Ar), 121.6 (Ar), 66.3 (ArCH), 59.9
(CH2CH2Ar), 51.6 (CH2CHCH), 50.6 (CHCH:2N), 50.0 (NCH2CH2N), 45.7 (NCH2CH:2N),
36.9 (ArCHCH2CH), 29.5 (CH2CH2Ar). FTIR vmax 2832, 1338, 1278, 1133. MS ToF EIl+
(m/z): 493.2 [M+H]+. HRMS (ESI) m/z calcd for C2o0H22FsN2O»2S [M+H]+ 493.13789, found

493.1368.
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5.3.7.9.  rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-4-((5-methoxypyridin-3-

yl)sulfonyl)-1,4-diazabicyclo[4.2.0]octane (4m)

0 Prepared using General Procedure G in a parallel
N’ﬁ SN )
N \) o || _ fashion: 4,6-fused scaffold (4b) (30 mg, 0.093 mmol,
N

F;C
’ 1.0 Eq), 5-methoxypyridine-3-sulfonyl chloride (29

CF; mg, 0.139 mmol, 1.5 Eq), triecthylamine (38.7 uL,
0.278 mmol, 3.0 Eq) in dichloromethane (1 mL, 0.093 M). Purified using preparative HPLC,

9 mg, 23%

'H NMR (400 MHz, Chloroform-d) & 8.60 (d, J 1.8 Hz, 1H, Ar), 8.54 (d, J 1.8 Hz, 1H, Ar),
7.76 (s, 3H, Ar), 7.51 (dd, J 2.9, 1.8 Hz, 1H, Ar), 4.28 (dd, J 8.0, 5.4 Hz, 1H, ArCHCH>),
3.95 (s, 3H, OCHs), 3.91 (dd, J 10.0, 2.7 Hz, 1H, CH,CHCHHN), 3.87 — 3.82 (m, 1H,
NCHHCH,N), 3.08 (dd, J 10.0, 2.7 Hz, 1H, CH,CHCHHN), 2.88 — 2.82 (m, 1H,
NCHHCH:N), 2.79 (td, J 11.0, 3.5 Hz, 1H, NCH,CHHN), 2.70 — 2.62 (t, J 2.7 Hz, 1H,
CH,CHCH:), 2.66 — 2.59 (m, 1H, NCH,CHHN), 2.50 (dt, J 9.1, 5.5 Hz, 1H, ArCHCHHCH),
2.00 (q, J 9.1 Hz, 1H, ArCHCHHCH). C NMR (101 MHz, Chloroform-d) & 155.7
(ArCOCH3), 143.9 (ArCCH), 142.2 (ArC), 139.9 (ArC), 134.0 (ArC), 131.9 (ArC), 131.6
(ArC), 126.8 (ArC), 118.3 (ArC), 66.3 (ArCCH), 59.3 (CHCH,CH), 56.1 (NCH,CH:N), 50.7
(CH,CHCH,), 49.6 (NCH2CHaN), 45.9 (CHCH,CH), 36.8 (ArCOCH;3). FTIR (Vmax, neat):
2948.3, 2855.1, 1338.1, 1274.7, 1166.7, 1125.7 MS ToF El+ (m/z): 496.1 [M+H]+ HRMS

(ESI) m/z calcd for C20H19FsN3O3S [M+H]+ 496.11241, found 496.1111.
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5.3.7.10. rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-N-(m-tolyl)-1,4-

diazabicyclo[4.2.0]octane-4-carboxamide (4n)

0 /@\ Prepared using General Procedure G in a parallel
fashion: 4,6-fused scaffold (4b) (30 mg, 0.093 mmol,
FiC 1.0Eq), 1-isocyanato-3-methylbenzene (19 mg, 0.139
CF, mmol, 1.5 Eq), triethylamine (38.7 puL, 0.278 mmol,

3.0 Eq) in dichloromethane (1 mL, 0.093 M). Purified using preparative HPLC, 9 mg, 24%.

'"H NMR (400 MHz, Chloroform-d) § 7.86 (s, 2H, Ar 2- & 6-H CsH3(CF3)2), 7.81 (s, 1H, Ar
4-H CsH3(CF3)2), 7.22 (d, J 2.0 Hz, 1H, Ar 2-H C¢H4(CH3)), 7.17 (t, J 7.7 Hz, 1H, Ar 6-H
Ce¢H4(CH3)), 7.12 — 7.08 (m, 1H, Ar 5-H Ce¢H4(CH3)), 6.87 (d, J 7.7 Hz, 1H, Ar 4-H
Ce¢H4(CHa3)), 6.29 (s, 1H, NH), 4.52 (appt s, 1H, ArCHCH>»), 4.06 (dd, J 10.7, 2.0 Hz, 1H,
NCH>CHHN), 3.94 (dt, J 12.4, 3.5 Hz, 1H, CHCHHN), 3.34 — 3.17 (m, 3H, CH,CHCHa,
CHCHAN, NCH;CHHN), 2.88 — 2.83 (m, 1H, NCHHCH:N), 2.62 — 2.55 (m, 2H,
NCHHCH,N, CHCHHCH), 2.32 (s, 3H, CH3), 2.23 (q,J 8.7 Hz, IH, CHCHHCH). 3C NMR
(101 MHz, Chloroform-d) 6 155.4 (C=0), 138.9 (1-C CsH3(CF3)2), 138.6 (CCH3), 128.8 (2-
CH C¢H4(CH3)), 127.2 (2- & 6-CH C¢H3(CF3)2), 124.2 (4-CH CsH4(CH3)), 121.8 (4-CH
CeH3(CF3)2), 120.8 (5-CH C¢H4(CHa)), 117.1 (6-CH Ce¢H4(CHa3)), 65.7 (ArCHCH>), 59.1
(CH2CHCH>»), 48.3 (NCH>CH:N), 47.7 (NCH2CH2N), 43.7 (CHCH:N), 35.3 (CHCH.CH),
21.5 (CH3). FTIR (vmax, neat): 3309, 1640, 1442, 1282, 1133. MS ToF EI+ (m/z): 458.2

[M+H]+. HRMS (ESI) m/z calcd for C22H21FsN3O [M+H]+ 458.16616, found 458.1655.
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5.3.7.11.  rac-(6,8-cis)-8-(3,5-bis(trifluoromethyl)phenyl)-N-(4-methoxybenzyl)-1,4-

diazabicyclo[4.2.0]octane-4-carboxamide (40)

¢} Prepared using General Procedure G in a parallel

g En fashion: 4,6-fused scaffold (4b) (30 mg, 0.093
N O/

F;C
’ mmol, 1.0 Eq), 1-(isocyanatomethyl)-4-
CF; methoxybenzene (23 mg mg, 0.139 mmol, 1.5
Eq), triethylamine (38.7 pL, 0.278 mmol, 3.0 Eq) in dichloromethane (1 mL, 0.093 M).

Purified using preparative HPLC, 8 mg, 22%

"H NMR (400 MHz, Chloroform-d) & 7.84 (s, 2H, Ar 2- & 6-CH CsH3(CF3)2), 7.80 (s, 1H, Ar
4-CH C¢H3(CF3)2), 7.24 (dd, J 8.2, Hz, 2H, 2- & 6-CH C¢H4(OCHas)), 6.87 (d, J 8.2 Hz, 2H,
3- & 5-CH CsHs(OCH3)), 4.59 (dd, J 5.3, 5.3 Hz, 1H, ArCHCH>»), 4.50 (s, 1H, NH), 4.37 (d,
J 5.3 Hz, 2H, NHCH>(C¢H4(OCH3))), 3.94 (dd, J 11.5, 3.0 Hz, 1H, NCH>CHHN), 3.80 (s,
3H, OCHs3), 3.79 — 3.73 (m, 1H, CHCHHN), 3.23 —3.10 (m, 3H, CH.CHCH,, NCH,CHAN,
CHCHAN), 2.80 (dt, J 10.3, 3.6 Hz, 1H, NCHHCH:N), 2.59 — 2.49 (m, 2H, NCHHCH>N,
CHCHHCH), 2.21 (q,J 9.4 Hz, 1H, CHCHHCH). 3C NMR (101 MHz, Chloroform-d) § 158.9
(COCHas), 157.7 (C=0), 131.9 (1-C CsH3(CF3)2), 131.3 (1-C C¢H4(OCH3)), 129.2 (2- & 6-CH
Ce¢H4(OCHa3)), 127.2 (2- & 6-CH CsH3(CF3)2), 121.7 (4-CH CsH3(CFs)2), 114.1 (3- & 5-CH
Ce¢H4(OCH3)), 65.7 (ArCHCH>), 59.1 (CH.CHCHz>), 55.3 (OCH3), 44.7 (NCH2CH2N), 43.3
(NCH2CH2N), 42.0 (NHCH2(CsH4(OCHs))), 25.8 (CHCH2CH). FTIR (vmax, neat): 2918.5,
2840.2, 1617.87, 1539.4, 1278.5, 1170.4, 1129.4 MS ToF EI+ (m/z): 488.2 [M+H]+. HRMS

(ESI) m/z calcd for C23H23FsN3O2 [M+H]+ 488.17672, found 488.1759.
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5.3.8. 5,6-Bridged Bicyclic Scaffolds
5.3.8.1. rac-(1,5-cis,1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-1,4-
diazabicyclo[3.2.1]octane (S5a)

GNH Prepared using General Procedure D: Azido-pyrrolidine intermediate

F;C .
\©“ N (1.48 g, 3.32 mmol, 1.0 Eq), triphenylphosphine (2.26 g, 8.62 mmol,

B 2.6 Eq), water (1.20 mL, 66.3 mmol, 20.0 Eq) in THF (15 mL, 0.22 M).
3
Purified using flash chromatography (0 — 8% MeOH:DCM with 1% ammonia). Pale yellow

oil, 777mg, 72%.

'H NMR (400 MHz, Chloroform-d) & 7.85 (d, J 1.7 Hz, 2H, PhH), 7.76 (s, 1H, PhH), 4.25
(dd, J 7.9, 54 Hz, 1H, PhCHNCH,), 3.07 (ddd, J 12.6, 10.6, 3.6 Hz, IH,
PhCHCH,CH>CHAN), 3.00 — 2.94 (m, 3H, NCH,CHHNHCH,), 2.94 — 2.86 (m, 1H,
NCH2CHHN), 2.77 (ddd, J 9.8, 3.8, 1.7 Hz, 1H, NCHHCH:N), 2.52 — 2.44 (m, 2H,
CHHCHNCHH), 2.09 — 2.02 (m, 2H, CHHCHNHCH,). 3C NMR (101 MHz, Chloroform-d)
5 127.3 (Ar), 121.6 (Ar), 67.5 (ArCHN), 62.9 (CH,CHNH), 52.5 (CHNCH,CH,), 50.2
(CHNCH,CH,), 45.9 (CHCH:N), 38.3 (ArCHCH,CHCH,N). FTIR (Vinax, neat): 2944, 1379,
1274, 1121. MS ToF EI+ (m/z): 325.2 HRMS (ESI) m/z caled for CisH4FeNy [M+H]+

325.11339, found 325.1137.
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5.3.8.2. rac-(1,5-cis,1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-4-((2-

nitrophenyl)sulfonyl)-1,4-diazabicyclo[3.2.1]octane (Sb)

O,N Protected amino-azetidine (570 mg, 1.1 mmol 1.0 Eq) was
O\\('s)f dissolved in dichloromethane (12 mL) and was subsequently
N
F;C (Y) cooled to 0 °C. Triethylamine (452 pL, 3.2 mmol, 3.0 Eq) was
\© i added followed by the dropwise addition of methanesulfonyl
F,C

chloride (93 pL, 1.2 mmol, 1.1 Eq). The reaction mixture was
stirred for 30 min at 0 °C. and was quenched with water (15 mL), the aqueous layer was
extracted with dichloromethane (3 x 15 mL). The combined organic fractions were dried over
NayS0s, filtered and concentrated in vacuo to provide the crude mesylated product. The
resultant sulfonate was redissolved in N,N-dimethylformamide (12.0 mL) and potassium
carbonate (299 mg, 2.2 mmol, 2.0 Eq)) was added as a single portion. The reaction mixture
was heated to 65 °C for 1 h. The reaction mixture was cooled and extracted with ethyl acetate
(3 x 15 mL) and washed with water (2 x 15 mL) and brine (4 x 15 mL). The combined organic
fractions were dried over Na;SOs, and solvent was removed under reduced pressure and the
resulting residue was purified using reverse-phase chromatography using CH3CN/H2O to

provide pure product (5b) as a yellow oil, 479 mg, 87%.

'H NMR (400 MHz, Chloroform-d) 5 8.04 — 7.98 (m, 1H, Ar), 7.81 (s, 2H, Ar), 7.77 (s, 1H,
Ar), 7.73 (ddd, J 6.9, 4.2, 1.9 Hz, 2H, Ar), 7.67 — 7.64 (m, 1H, Ar), 430 (dd, J 8.0, 5.4 Hz,
1H, ArCHN), 3.91 (dd, J = 8.4, 8.4 Hz, 1H, NCHHCH,N), 3.88 — 3.83 (m, 1H, CH,CHCHHN),
3.17 (td, J 11.7, 3.5 Hz, IH, NCHHCH.N), 3.11 — 3.02 (m, 2H, CH,CHCHHN), 2.86 (td, J
10.6, 3.2 Hz, 1H, NCH,CHHN), 2.61 (td, J 10.6, 3.2 Hz, 1H, NCH,CHAN), 2.52 (dt, J 8.8,

5.2 Hz, 1H, ArCHCHHCH), 2.09 — 2.02 (m, 1H, ArCHCHHCH). 3C NMR (101 MHz,
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Chloroform-d) & 133.7 (A1), 131.6 (Ar), 130.9 (Ar), 126.8 (A1), 124.2 (Ar), 121.9 (Ar), 66.3
(ArCHCH,), 59.7 (CH,CHCH:N), 50.9 (CH,CHCH:N), 49.9 (NCH.CH:N), 46.0
(NCH2CH:N), 36.9 (ArCHCH,CH). MS ToF EI+ (m/z): 510.0 HRMS (ESI) m/z calcd for

C20H17F¢N304S [M+H]+ 510.09167, found 510.0907.
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5.3.8.3. rac-(1,5-cis, 1,7-trans)-7-(4-nitrophenyl)-4-((2-nitrophenyl)sulfonyl)-1,4-

diazabicyclo[3.2.1]octane (5¢)

O,N N-(((2S,4R)-1-(2-hydroxyethyl)-4-(4-nitrophenyl)azetidine-
(0]
O >
\,g 2-yl)methyl)-2-nitrobenzenesulfonamide (380 mg, 0.871

N

N
(Y) mmol, 1.0 Eq) was dissolved in dichloromethane (10.0 mL,
e

0.04 M) and was subsequently cooled to 0 °C. Triethylamine
(0.36 mL, 2.61 mmol, 3.0 Eq) was added followed by the dropwise addition of methanesulfonyl
chloride (75 uL, 0.958 mmol, 1.1 Eq). The reaction mixture was stirred for 30 min at 0 °C. and
was quenched with water (10 mL), the aqueous layer was extracted with dichloromethane (3 x
10 mL). The combined organic fractions were dried over NaxSQs, filtered and concentrated in
vacuo to provide the crude mesylated product. The resultant sulfonate was redissolved in NV, V-
dimethylformamide (10.0mL, 0.044 M) and potassium carbonate (241 mg, 1.741 mmol, 2.0
Eq)) was added as a single portion. The reaction mixture was heated to 65 °C for 1 h. The
reaction mixture was cooled and extracted with ethyl acetate (3 x 10 mL) and washed with
water (2 x 10 mL) and brine (4 x 10 mL). The combined organic fractions were dried over
Na»S0s4, and solvent was removed under reduced pressure and the resulting residue was
purified using reverse-phase chromatography using CH3CN/H>O to provide pure product (5¢)

as a yellow oil, 100 mg, 27%.

'H NMR (400 MHz, Chloroform-d) & 8.16 (d,J 8.15, 2H, Ar), 8.05 (dd, J 7.3, 1.9 Hz, 1H,
Ar), 7.75 (td, J 7.3, 1.9 Hz, 2H, Ar), 7.67 (dd, J 7.3, 1.9 Hz, 1H, Ar), 7.51 (d, J 8.5 Hz, 2H,
Ar), 4.51 (dd, J 5.6, 2.9 Hz, 1H, ArCHCH,), 4.33 — 4.27 (m, 1H, NCH,CHHN), 3.59 — 3.50
(m, 1H, NCH,CHAN), 3.31 — 3.18 (m, 2H, CHNCH,CH), 3.04 (dt, J 12.2, 2.1 Hz, 1H,
CHCHCHN), 2.97 — 2.89 (m, 1H, NCHHCH,N), 2.58 (dd, J 12.4, 3.0 Hz, 1H, NCHHCH,N),

2.49 (dt, J 14.3, 5.4 Hz, 1H, ArCHHCH), 2.01 (dt, J 14.3, 5.4 Hz, 1H, ArCHHCH). 3C NMR
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(101 MHz, Chloroform-d) ¢ 131.3, 130.6, 125.8, 124.3, 123.9, 63.0, 58.8, 57.4, 52.7, 45.5,

38.3, 25.4. MS ToF EI+ (m/z): 419.0.

5.3.9. 5,6-Bridged Scaffold Library
5.3.9.1. rac-(1,5-cis,1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-1,4-

diazabicyclo[3.2.1]octan-4-yl)sulfonyl)morpholine (5d)

Prepared using General Procedure H in a parallel fashion:

\
55 Nﬁ\o
(y N O \__/" 56-Bridged Scaffold (5a) (30 mg, 0.093 mmol, 1.0 Eq),
F3C . )
\©\ N morpholine-4-sulfonyl chloride (26 mg, 0.139 mmol, 1.5 Eq),
F;C triethylamine (38.7 upL, 0.278 mmol, 3.0 Eq) in

dichloromethane (1 mL, 0.093 M). Purified using preparative HPLC, 10 mg, 26%.

'H NMR (400 MHz, Chloroform-d) § 7.83 (s, 2H, 2- & 6-H C¢H3(CF3)2), 7.78 (s, 1H, 4-H
CsH3(CF5)), 4.29 (dd, J 8.0, 5.4 Hz, 1H, ArCHCH,CH), 3.84 — 3.76 (m, 2H, NCHHCH2N,
CH2CHCHHN), 3.76 — 3.72 (m, 4H, NCH,CH,0), 3.29 — 3.24 (m, 1H, NCHHCH,N), 3.24 —
3.20 (m, 4H, NCH,CH>0), 3.11 (appt t, J 10.3 Hz, 1H, CHCH,CHCH,), 3.07 — 2.99 (m, 1H,
CH2CHCHAN), 2.82 (td, J 11.0, 3.5, Hz, 1H, NCH,CHHN), 2.56 (td, J 11.0, 3.5 Hz, 1H,
NCH,CHAHN), 2.50 (td, J 9.9, 4.6 Hz, 1H, ArCHCHHCH), 2.05 (q, J 8.8 Hz, 1H,
ArCHCHHCH). 3C NMR (101 MHz, Chloroform-d) & 144.1 (1-C CsHs(CFs),), 131.7 (g, J
33.5 Hz, 3- & 5-C C6H3(CF3)2), 126.8 (2- & 6-C CsH3(CF3)2), 123.3 (q, J 33.5 Hz, 273.3 Hz,
CF3) 121.6 (4-C CéH3(CF3)), 66.4 (CHCH,CH), 66.3 (N(CH2CH»)0), 59.9 (CH,CHCH,),
51.5 (CHCH:N), 49.9 (NCH,CH:N), 46.6 (NCH.CH:N), 46.5 (N(CHCH»)O), 36.9
(CHCH,CH). FTIR (Vmay, neat): 2858, 1342, 913. MS ToF EI+ (m/2): 474.2. HRMS (ESI) m/z

calcd for Ci1gH21FsN3O3S [M+H]+ 474.12806, found 474.1274.
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5.3.9.2. rac-(1,5-cis,1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-N-cyclopentyl-1,4-

diazabicyclo[3.2.1]octane-4-carboxamide (Se)

;\ Prepared using General Procedure H in a parallel fashion: 5,6-

o
>\\N Bridged Scaffold (5a) (30 mg, 0.093 mmol, 1.0 Eq),
N H
F,C ﬁ) isocyanatocyclopentane (15 mg, 0.139 mmol, 1.5 Eq),
W N
\© triethylamine (38.7 pL, 0.278 mmol, 3.0 Eq) in

dichloromethane (1 mL, 0.093 M). Purified using preparative

HPLC, 12 mg, 33%.

'H NMR (400 MHz, Chloroform-d) 5 7.83 (s, 2H, 2- & 6-H CeH3(CFs),), 7.78 (s, 1H, 4-H
CsH3(CFs)), 4.40 (dd, J 8.0, 5.8 Hz, 1H, ArCHCH.), 4.27 (d, J 6.8 Hz, 1H, NH), 4.11 (h, J
6.9 Hz, 1H, NHCHCH,), 3.91 (dd, J 10.8, 2.3 Hz, 1H, CH,CHCHHN), 3.79 (dt, J 12.4, 3.3
Hz, 1H, NCHHCH:N), 3.17 — 3.00 (m, 3H, NCHHCH,N, CH,CHCH,N, CH,CHCHEN), 2.79
(dt, J10.2, 3.5 Hz, 1H, NCH,CHHN), 2.60 — 2.44 (m, 2H, NCH,CHEN, ArCHCHHCH), 2.15
(q,J 8.6 Hz, 1H, ArCHCHHCH), 2.07 — 1.93 (m, 2H, CHCH2CHHCHHCH?2), 1.74 — 1.51
(m, 4H, CHL,CH,CH,CHy), 1.41 — 1.28 (m, 2H, CHCH,CHHCHHCH,). 3C NMR (101 MHz,
Chloroform-d) & 157.72 (NC=ON), 143.9 (1-C CsHs(CFs)), 131.7 (q, J 33.2 Hz, 3- & 5-C
CsH3(CFs)), 127.0 (2- & 6-C CsH3(CF3)y), 121.5 (4-C CeHs(CF3)s), 65.9 (CHCH,CH), 59.3
(CHCH,CH), 52.7 (CH(CH,CHa)), 48.8 (NCH,CHaN), 47.6 (CHCH,N), 43.4 (NCH2CHLN),
35.3 (CH(CH2CH))), 33.6 (CH(CH,CHb,)), 23.7 (CHCH,CH). FTIR (Vinas, neat): 2955, 1528,
902. MS ToF EI+ (m/z): 436.2. HRMS (ESI) m/z caled for CaHasFsN3O [M+H]+ 436.18181,

found 436.1813.
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5.3.9.3. rac-(1,5-cis,1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-N-isopropyl-1,4-

diazabicyclo[3.2.1]octane-4-carboxamide (5f)

o >\ Prepared using General Procedure H in a parallel fashion: 5,6-
N

W

GN H Bridged Scaffold (5a) (30 mg, 0.093 mmol, 1.0 Eq), 2-
\©“" NJ isocyanatopropane (12 mg, 0.139 mmol, 1.5 Eq), triethylamine
(38.7 uL, 0.278 mmol, 3.0 Eq) in dichloromethane (1 mL, 0.093

M). Purified using preparative HPLC, 15mg, 41%.

'H NMR (400 MHz, Chloroform-d) & 7.83 (s, 2H, Ar), 7.78 (s, 1H, Ar), 4.41 (dd, J 8.0, 5.9
Hz, 1H, ArCHCH,), 4.15 (d, J 7.3 Hz, 1H, NH), 3.98 (hept, J 6.7 Hz, 1H, NHCHCHs), 3.91
(dd, J 11.0, 2.4 Hz, 1H, CH,CHCHHN), 3.78 (dt, J 12.4, 3.3 Hz, 1H, NCHHCH:N), 3.18 —
3.02 (m, 3H, CH,CHCH:N, CH,CHCHHN, NCHHCH,N), 2.80 (dt, J 10.1, 3.4 Hz, 1H,
NCH,CHHN), 2.57 — 2.46 (m, 2H, NCH,CHHN, ArCHCHHCH), 2.16 (q, J 8.7 Hz, 1H,
ArCHCHHCH), 1.17 (s, 3H, CHCHs), 1.15 (s, 3H, CHCHs). C NMR (101 MHz,
Chloroform-d) § 157.3 (NC=ONH), 143.9 (ArCCHCH.), 131.7 (q, J 33.0 Hz, 3- & 5-C
CeH(CFs)2), 127.0 (ArC), 124.7 (ArC), 121.9 (ArC), 121.5 (ArC), 65.9 (ArCCH), 59.3
(CHCH,CH), 48.8 (NCH>CH:N), 47.6 (CH,CHCH,N), 43.4 (NCH,CH:N), 42.7 (NHCHCH3),
35.3 (CHCH,CH), 23.5 (CHCH3). FTIR (Vmax, neat): 3339, 1528, 1021 MS ToF EI+ (m/2):

410.2 HRMS (ESI) m/z caled C1sH21FsN3O [M+H]+ 410.16616, found 410.1651.
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5.3.9.4. rac-(1,5-cis,1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-4-(isobutylsulfonyl)-1,4-

diazabicyclo[3.2.1]octane (5g)

J\ Prepared using General Procedure H in a parallel fashion: 5,6-
N0 Bridged Scaffold (5a) (30 mg, 0.093 mmol, 1.0 Eq), 2-
\Q‘Qj methylpropane-1-sulfonyl chloride (22 mg, 0.139 mmol, 1.5
Eq), triethylamine (38.7 pL, 0.278 mmol, 3.0 Eq) in

dichloromethane (1 mL, 0.093 M). Purified using preparative HPLC, 11 mg, 30%.

'H NMR (400 MHz, Chloroform-d) & 7.84 (s, 2H, Ar), 7.78 (s, 1H, Ar), 4.31 (dd, J 7.9, 5.4
Hz, 1H), 3.84 (dd, J 10.2, 2.4 Hz, 1H, ArCHCH.), 3.82 — 3.77 (m, 1H, CH,CHCHHN), 3.13
(td, J 11.3, 3.4 Hz, 1H, NCHHCH,N), 3.08 — 3.03 (m, 1H, CH,CHCHHN), 2.97 (t,J 10.1 Hz,
IH, CH,CHCH,), 2.88 — 2.83 (m, 1H, NCH2CHHN), 2.81 (dd, J 6.6, 1.9 Hz, 2H,
SCH,CHCH3), 2.59 (td, J 10.5, 3.2 Hz, 1H, NCH,CHHN), 2.51 (dt, J 9.2, 5.4 Hz, 1H,
ArCHCHHCH), 2.30 (hept, J 6.7 Hz, 1H, CH,CHCHs), 2.05 (q, J 8.9 Hz, 1H, ArCHCHHCH),
1.14 (s, 3H, CHCHs), 1.12 (s, 3H, CHCHs). *C NMR (101 MHz, Chloroform-d) 5 144.2
(ArCCHCH.), 131.8 (q, J 34.8 Hz, 3- & 5-C CeH3(CFs),), 126.8 (ArC), 124.7 (ArC), 121.56
ArC), 66.3 (ArCCHCH,), 59.9 (CHCH,CHCH.), 57.2 (SCH,CHCH:), 50.5 (NCH,CH,N),
50.0 (CH,CHCH,N), 45.6 (NCH.CH:N), 36.9 (ArCHCH,CH), 24.6 (CH,CHCHs), 22.8
(CHCH;), 22.7 (CHCH3). FTIR (Vma, neat): 2959, 1336, 984. MS ToF EI+ (m/z): 445.1

HRMS (ESI) m/z caled Ci1sH22FsN2O2S [M+H]+ 445.13789, found 445.1374.
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5.3.9.5. rac-(1,5-cis,1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-N-(o-tolyl)-1,4-

diazabicyclo[3.2.1]octane-4-carboxamide (Sh)

Prepared using General Procedure H in a parallel fashion:

Q 5,6-Bridged Scaffold (5a) (30 mg, 0.093 mmol, 1.0 Eq), 1-
F5C (y/} isocyanato-2-methylbenzene (19 mg, 0.139 mmol, 1.5 Eq),
\© : triethylamine (38.7 pL, 0.278 mmol, 3.0 Eq) in
dichloromethane (1 mL, 0.093 M). Purified using preparative

HPLC, 11mg, 30%

'H NMR (400 MHz, Chloroform-d) & 8.07 (dd, J 7.8, 1.5 Hz, 1H, Ar), 7.92 (dd, J 7.8, 1.5
Hz, 1H Ar), 7.81 — 7.70 (m, 5H, Ar), 4.29 (dd, J 8.0, 5.5 Hz, 1H, ArCHCH.,), 4.00 (dd, J 10.6,
2.6 Hz, 1H, CH,CHCHHN), 3.91 (ddt, J 12.1, 3.0, 1.4 Hz, 1H, NCHHCH,N), 3.13 — 3.00 (m,
2H, CH,CHCHHN, NCHHCH:N), 2.95 (t, J 10.4 Hz, 1H, CH,CHCH.), 2.85 (td, J 10.2, 3.7,
Hz, 1H, NCH,CHHN), 2.62 (td, J 10.2, 3.7 Hz, 1H, NCH,CHHN), 2.52 (dt, J 9.1, 5.4 Hz,
1H, ArCHCHHCH), 2.03 (q, J 8.0 Hz, 1H, ArCHCHHCH). 3C NMR (101 MHz, Chloroform-
d) & 144.0 (NC=ONH), 141.1 (ArCCH), 135.7 (ArC), 132.9 (ArC), 132.7 (ArC), 131.9
(ArCCFs), 131.6 (CFs), 130.3 (ArC), 126.7 (ArC), 121.6 (ArC), 116.3 (NHArC), 110.8
(ArCCHs), 66.3 (ArCHCH,), 59.6 (CHCHCHa), 50.9 (CHCH,N), 49.8 (NCH,CH,N), 45.9
(NCH2CH:N), 36.9 (ArCHCH,CH). FTIR (Vinax, neat): 2836, 1453, 984. MS ToF EI+ (m/2):

490.3. HRMS (ESI) m/z calcd for C21H17FsN3O02S [M+H]+ 490.10184, found 490.1010
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5.3.9.6. rac-(1,5-cis,1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-N-(p-tolyl)-1,4-

diazabicyclo[3.2.1]octane-4-carboxamide (5i)

>/ Prepared using General Procedure H in a parallel fashion:

0>\\ 5,6-Bridged Scaffold (5a) (30 mg, 0.093 mmol, 1.0 Eq), 1-

. (Y/N} g isocyanato-4-methylbenzene (19 mg, 0.139 mmol, 1.5 Eq),
3 .

7@“ N tricthylamine (38.7 L, 0278 mmol, 3.0 Eq) in

F5C dichloromethane (1 mL, 0.093 M). Purified using preparative

HPLC, 15 mg, 41%.

'H NMR (400 MHz, Chloroform-d) & 7.85 (s, 2H, Ar), 7.80 (s, 1H, Ar), 7.24 — 7.21 (m, 2H,
Ar), 7.12 - 7.07 (m, 2H, Ar), 6.26 (s, 1H, NH), 4.42 (dd, J 8.0, 5.8 Hz, 1H, ArCHCH>), 4.06
(dd,J 9.8, 7.6 Hz, 1H, CH,CHCHHN), 3.97 (dt, J 12.5, 3.2 Hz, 1H, NCHHCH,N), 3.28 (d,
J 12.5, 3.2 Hz, 1H, NCHHCH>N), 3.20 — 3.13 (m, 2H, CH,CHCH>N, CH.CHCHHN), 2.85
(dt,J 10.2,3.4 Hz, 1H, NCH,CHHN), 2.60 — 2.52 (m, 2H, ArCHCHHCH, NCH,CHHN), 2.30
(s, 3H, ArCH3), 2.21 — 2.14 (m, 1H, ArCHCHHCH). *C NMR (101 MHz, Chloroform-d) &
155.57 (NC=ONH), 143.8 (ArCCH), 136.3 (ArCCH3), 132.9 (ArCCF3), 131.7 (q, J 33.0 Hz,
3- & 5-C CHs(CFs)2), 129.4 (ArC), 127.0 (ArC), 124.7 (NHArC), 121.4 (ArC) 120.4 (ArC),
66.0 (ArCHCH,), 59.4 (CHCH,CH), 48.9 (CH,CHCH:N), 482 (NCH:CH:N), 35.5
(NCH2CH,N), 20.7 (ArCHs). FTIR (Vaay, neat): 3309, 2862, 1129. MS ToF El+ (m/z): 458.1

HRMS (ESI) m/z caled for CarHa1FgN3O [M+H]+ 458.16616, found 458.1656.
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5.3.9.7. rac-(1,5-cis,1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-N-(4-methoxybenzyl)-1 ,4-

diazabicyclo[3.2.1]octane-4-carboxamide (5j)

O>\\ /\@\ Y, Prepared using General Procedure H in a parallel
N o

(y N H fashion: 5,6-Bridged Scaffold (5a) (30 mg, 0.093

e (1)

\©“ N mmol, 1.0 Eq), 1-(isocyanatomethyl)-4-
F,C methoxybenzene (23 mg, 0.139 mmol, 1.5 Eq),

triethylamine (38.7 pL, 0.278 mmol, 3.0 Eq) in dichloromethane (1 mL, 0.093 M). Purified

using preparative HPLC, 12 mg, 32%.

"H NMR (400 MHz, Chloroform-d) & 7.83 (s, 2H, Ar), 7.78 (s, 1H, Ar), 7.26 — 7.22 (m, 2H,
Ar), 6.89 — 6.85 (m, 2H, Ar), 4.60 (dd, J 5.2, 1.9 Hz, 1H, ArCHCH3), 4.42 — 4.35 (m, 2H,
CH>CHCHHN, NCHHCH:N), 3.94 (d, J 8.9 Hz, 1H, NHCHHC)), 3.80 (s, 3H, OCHs), 3.17
(dt,J 12.5,3.9 Hz, 1H, NCHHCH:N), 3.12 — 3.04 (m, 2H, CH,CHCHHAN, NCHHC), 2.80 (dt,
J10.1, 3.4 Hz, 1H, NCH2CHHN), 2.58 — 2.44 (m, 2H, NCHCHHN, ArCHCHHCH), 2.14 (dt,
J 9.7, 8.3 Hz, IH, ArCHCHHCH), 1.68 (s, 1H, C=ONHC). 3C NMR (101 MHz, Chloroform-
d) 6 158.9 (ArCOCH3), 157.8 (NC=ONH), 143.8 (ArCCH), 131.4 (ArCCF3), 129.2 (ArCH),
127.0 (ArCH), 121.5 (ArCH), 114.1 (ArCH), 65.9 (ArCCH), 59.3 (CH.CHCH), 55.3
(NHCH:C), 489 (CH>CHCH:N), 47.8 (NCH:CH:N), 447 (NCH:CH:N), 43.6
(ArCCHCHxCH), 35.4 (OCH3). FTIR (Vmax, neat): 3347, 2840, 1174. MS ToF EI+ (m/z):

488.2 HRMS (ESI) m/z caled for Co3HasFeN3O2 [M+H]+ 488.17672, found 488.1762.
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5.3.9.8. rac-(1,5-cis,1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-N-(2-methoxy-5-

methylphenyl)-1,4-diazabicyclo[3.2.1]octane-4-carboxamide (5k)

Prepared using General Procedure H in a parallel fashion:
0 5,6-Bridged Scaffold (5a) (30 mg, 0.093 mmol, 1.0 Eq), 2-

(YN H  / isocyanato-1-methoxy-4-methylbenzene (23 mg, 0.139
\©\\" N/) mmol, 1.5 Eq), triethylamine (38.7 uL, 0.278 mmol, 3.0 Eq)

F,C in dichloromethane (1 mL, 0.093 M). Purified using

preparative HPLC, 10mg, 26%.

'H NMR (400 MHz, Chloroform-d)  7.98 (d, J 1.7 Hz, 1H, Ar), 7.86 (s, 2H, Ar), 7.80 (s, 1H,
Ar), 7.03 (s, 1H, NH), 6.75 (d, J 2.4 Hz, 2H, Ar), 4.43 (dd, J 7.9, 5.8 Hz, IH, ArCHCH,), 4.08
(d,J 8.9 Hz, 1H, CH,CHCHHN), 4.00 (dt, J 12.6, 3.4 Hz, 1H, NCHHCH,N), 3.85 (s, 3H,
ArOCHs), 3.30 (dt,J 13.1, 3.8 Hz, 1H, NCHHCH,N), 3.23 — 3.13 (m, 2H. CH,CHCHb,,
CH,CHCHHN), 2.87 (dt, J 10.3, 3.4 Hz, 1H, NCH,CHHN), 2.61 —2.53 (m, 2H, NCH,CHHN,
ArCHCHHCH), 2.29 (s, 3H, ArCHs), 2.19 (q, J 8.5 Hz, 1H, ArCHCHHCH). *C NMR (101
MHz, Chloroform-d) & 155.1 (NC=ONH), 145.6 (ArCOCH3), 143.8 (ArCCHa), 130.7
(ArCCFs), 128.4 (ArCCHs), 127.1 (ArC), 124.7 (NHArC), 122.3 (ArC), 122.0 (ArC), 119.8
(ArC), 109.6 (ArC), 65.9 (ArCHCH,), 59.4 (CH,CHCH,), 55.9 (ArOCHs3), 48.9 (NCH,CHLN),
48.0 (CHCH.N), 43.8 (NCH,CH:N), 35.6 (ArCHCH,CH), 21.1 (ArCHs). FTIR (Vinay, neat):
2948, 1032. MS ToF EI+ (m/z): 488.2 HRMS (ESI) m/z caled for CasHasFeN3O, [M+H]+

488.17672, found 488.1759.
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5.3.9.9. rac-(1,5-cis, 1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-N-(3,5-difluorophenyl)-

1,4-diazabicyclo[3.2.1]octane-4-carboxamide (51)

F Prepared using General Procedure H in a parallel fashion:
0 QF 5,6-Bridged Scaffold (5a) (30 mg, 0.093 mmol, 1.0 Eq),
N»\g 1,3-difluoro-5-isocyanatobenzene (22 mg, 0.139 mmol,

\©“" N) 1.5 Eq), triethylamine (38.7 pL, 0.278 mmol, 3.0 Eq) in

dichloromethane (1 mL, 0.093 M). Purified using

preparative HPLC, 13 mg, 34%.

'"H NMR (400 MHz, Chloroform-d) & 7.85 (s, 2H, Ar), 7.80 (s, 1H, Ar), 7.04 — 6.92 (m, 2H,
Ar), 6.51 — 6.45 (m, 1H, Ar), 6.44 (s, 1H, NH), 4.43 (dd, J 7.9, 5.8 Hz, 1H, ArCHCH>), 4.05
(dd, J 10.9, 2.2 Hz, 1H, CH,CHCHHN), 3.97 (dt, J 12.6, 3.3 Hz, 1H, NCHHCH>N), 3.30 (dt,
J12.6,3.3 Hz, 1H, CH.CHCHAN), 3.23 —3.16 (m, 1H, CHCHCH>), 3.13 (dt, J 10.3, 3.4 Hz,
IH, NCHHCH:N), 2.88 (dt, J 10.3, 3.4 Hz, 1H, NCH,CHHN), 2.62 — 2.52 (m, 2H,
NCH>CHHN, ArCHCHHCH), 2.19 (q, J 8.6 Hz, 1H, ArCHCHHCH). 13C NMR (101 MHz,
Chloroform-d) 6 154.5 (NC=ONH), 143.6 (ArC), 131.9 (ArC), 131.7 (ArC), 127.0 (ArC),
124.7 (ArC), 121.9 (ArC), 121.6 (ArC), 102.6 (ArC), 102.3 (ArC), 66.0 (ArCHCH>), 59.3
(CH2CHCHoN), 489 (NCH2CH:N), 48.2 (CHCHCH:N), 439 (NCH>CH:N), 35.6
(ArCCHCH>CH). FTIR (Vmax, neat): 3309. 998 MS ToF EI+ (m/z): 480.2 HRMS (ESI) m/z

calcd for C21Hi7FsN3O [M+H]+ 480.13166, found 480.1309.
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5.3.9.10. rac-(1,5-cis,1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-N-(3-fluorophenyl)-1 ,4-

diazabicyclo[3.2.1]octane-4-carboxamide (5m)

Q\ Prepared using General Procedure H in a parallel fashion:
F

@)
>\\N 5,6-Bridged Scaffold (5a) (30 mg, 0.093 mmol, 1.0 Eq),
N H
F,C ﬁ) 1-fluoro-3-isocyanatobenzene (19 mg, 0.139 mmol, 1.5
YN
\© Eq), triethylamine (38.7 uL, 0.278 mmol, 3.0 Eq) in

dichloromethane (1 mL, 0.093 M). Purified using

preparative HPLC, 9 mg, 24%.

'TH NMR (400 MHz, Chloroform-d) & 7.86 (s, 2H, Ar), 7.80 (s, I1H, Ar), 7.31 (dt, J 11.2,2.3
Hz, 1H, Ar), 7.22 (td, J 8.1, 6.4 Hz, 1H, Ar), 7.00 (dd, J 8.3, 2.0 Hz, 1H, Ar), 6.74 (td, J 8.3,
2.5 Hz, 1H, Ar), 6.39 (s, 1H, NH), 4.43 (dd, J 7.9, 5.8 Hz, 1H, ArCHCH>), 4.06 (d, J 9.5 Hz,
1H, CH.CHCHHN), 3.98 (dt, J 12.6, 3.3 Hz, 1H, NCHHCH:N), 3.30 (dt, J 12.5, 3.6 Hz, 1H,
NCHHCH2N), 3.23 — 3.11 (m, 2H, CH2.CHCH:N, CH,CHCHAN), 2.87 (dt, J 10.2, 3.4 Hz,
1H, NCH2CHHN), 2.63 — 2.51 (m, 2H, NCH.CHHAN, ArCHCHHCH), 2.18 (q, J 8.6 Hz, 1H,
ArCHCHHCH). 3C NMR (101 MHz, Chloroform-d) 8 154.9 (NC=ONH), 143.7 (ArCF),
140.6 (ArCCHCH»), 131.9 (ArCCF3), 129.9 (ArCCF3), 127.0 (ArC), 121.9 (NHArC), 114.9
(ArC), 109.9 (ArC), 109.7 (ArC), 107.4 (ArC), 107.1 (ArC), 66.0 (ArCCHCH»), 59.3
(CH2CHCH2N), 48.9 (NCH2CH2N), 48.2 (CHCH:2N), 43.9 (NCH2CH2N), 35.6 (CHCH2CH).
FTIR (Vmax, neat): 3391, 1133. MS ToF EI+ (m/z): 461.1 HRMS (ESI) m/z calcd for

C21Hi1sF7N30 [M+H]+ 462.14109, found 462.1400.
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5.3.9.11. rac-(1,5-cis,1,7-trans)-4-(benzylsulfonyl)-7-(3,5-bis(trifluoromethyl)phenyl)-1,4-

diazabicyclo[3.2.1]octane (5n)

\Q Prepared using General Procedure H in a parallel fashion:
o

5,6-Bridged Scaffold (5a) (30 mg, 0.093 mmol, 1.0 Eq),

N©O
ﬁ) phenylmethanesulfonyl chloride (26 mg, 0.139 mmol, 1.5

YN
\© Eq), triethylamine (38.7 pL, 0.278 mmol, 3.0 Eq) in

dichloromethane (1 mL, 0.093 M). Purified using preparative

HPLC, 8 mg, 21%.

'"H NMR (400 MHz, Chloroform-d) & 7.79 (s, 2H, Ar), 7.77 (s, 1H, Ar), 7.44 — 7.40 (m, 5H,
Ar), 426 —4.21 (m, 3H, ArCHCH,, SCH>ArC), 3.68 (dd, J 11.1, 2.6 Hz, |H, CH,CHCHHN),
3.66-3.61 (m, 1H, NCHHCH:N), 2.98 —2.90 (m, 2H, NCHHCH:;N, CH,CHCH>N), 2.79 (dd,
J 11.1, 2.6 Hz, IH, CH.CHCHAHN), 2.75 — 2.68 (m, 1H, NCH,CHHN), 2.49 — 2.40 (m, 2H,
NCH>CHHN, ArCHCHHCH), 1.97 (q, J 8.9 Hz, 1H, ArCHCHHCH). 13C NMR (101 MHz,
Chloroform-d) & 144.2 (ArCCH), 131.9 (ArCCF3), 131.6 (ArCCF3), 130.7 (ArC), 128.8
(ArC), 126.8 (ArC), 124.7 (Ar(O), 121.9 (Ar(O), 121.6 (Ar(C), 66.3 (ArCCH), 60.1
(CHCH:CHCH»), 57.6 (SCHArC), 509 (CH:CHCH:N), 50.2 (NCH:CHoN), 46.1
(NCH2CH2N), 36.8 ArCHCH>CH). FTIR (Vmax, neat): 1278, 916 MS ToF EI+ (m/z): 479.1

HRMS (ESI) m/z caled C21H20FsN202S [M+H]+ 479.12224, found 479.1213.
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5.3.9.12. rac-(1,5-cis,1,7-trans)-7-(3,5-bis(trifluoromethyl)phenyl)-N-(o-tolyl)-1,4-

diazabicyclo[3.2.1]octane-4-carboxamide (50)

Q Prepared using General Procedure H in a parallel fashion:

o
»\g 5,6-Bridged Scaffold (5a) (30 mg, 0.093 mmol, 1.0 Eq), 1-
N
F;C (Y) isocyanato-2-methylbenzene (19 mg, 0.139 mmol, 1.5 Eq),
YON
\© triethylamine (38.7 pL, 0.278 mmol, 3.0 Eq) in

dichloromethane (1 mL, 0.093 M). Purified using preparative

HPLC, 11 mg, 30%.

"H NMR (400 MHz, Chloroform-d) § 7.86 (s, 2H, Ar), 7.80 (s, 1H, Ar), 7.23 (d, J 1.9 Hz, 1H,
Ar), 7.17 (t,J 7.4 Hz, 1H, Ar), 7.13 — 7.09 (m, 1H, Ar), 6.86 (d, J 7.4 Hz, 1H, Ar), 6.29 (s,
1H, NH), 4.42 (dd, J 7.9, 5.9 Hz, 1H, ArCHCH>), 4.11 — 4.02 (m, 1H, CH.CHCHHN), 3.97
(dt,J 12.6, 3.2 Hz, |H, NCHHCH2N), 3.28 (dt, J 12.6, 3.2 Hz, 1H, NCHHCH:N), 3.21 - 3.11
(m, 2H, CH,CHCH:N, CH,CHCHAN), 2.85 (dt, J 10.3, 3.4 Hz, 1H, NCH,CHHN), 2.60 —
2.52 (m, 2H, NCH,CHHN, ArCHCHHCH), 2.33 (s, 3H, ArCH3), 2.18 (q, J 8.6 Hz, 1H,
ArCHCHHCH). BC NMR (101 MHz, Chloroform-d) 8 155.4 (NC=ONH), 143.78 (ArCCH),
138.83 (NHAr(), 131.77 (q,J 33.1 Hz, 3- & 5-C CsH3(CF3)2), 128.7 (ArC), 127.1 (ArC), 124.7
(ArCCH3), 124.1 (ArC), 1219 (ArC), 121.6 (ArC), 120.8 (ArC), 117.0 (ArC), 66.0
(ArCCHCH»), 59.4 (CH:CHCH:N), 49.0 (NCH2CH:N), 48.2 (CH.CHCH:N), 43.9
(NCH2CH2N), 35.6 (CHCH,CHCHb), 21.5 (ArCCH3). FTIR (vmax, neat): 2948, 1535, 1032.
MS ToF El+ (m/z): 458.2 HRMS (ESI) m/z calcd C22H21F6N30 [M+H]+ 458.16616, found

458.1655.
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5.3.  X-Ray Crystallography

5.4.1. X-Ray Crystallography: General Information

A suitable crystal was selected and measured on an Agilent SuperNova diffractometer using
an Atlas detector. The crystal was kept at 100.00(10) K during data collection. Using Olex2,%6
the structure was solved with the ShelXT?¢! structure solution program using using Intrinsic
Phasing and refined with the ShelXL?*%*refinement package Least Squares minimisation.. All
non-hydrogen atoms were refined with anisotropic displacement parameters. All hydrogen
atoms were added at calculated positions and refined by use of a riding model with isotropic
displacement parameters based on the equivalent isotropic displacement parameter (Ueq) of the

parent atom. Crystallography data was processed and solved by Dr. Louise Male.

5.4.2. Crystal Data

Ci1sH21F¢N3O (M = 409.38 g/mol): monoclinic, space group P21/c (no. 14), a = 13.8215(8) A,
b=15.5380(10) A, ¢ =9.1588(5) A, B=101.769(5)°, V =1925.6(2) A>, Z=4, T =100.01(10)
K, w(Cu Ka) = 1.131 mm-1, Dcalc = 1.412 g/cm?, 35885 reflections measured (8.666° <20 <
148.056°), 3832 unique (Rint = 0.0361, Rsigma = 0.0159) which were used in all calculations.

The final R; was 0.0506 (I > 25(I)) and wR> was 0.1387 (all data) (Figure 5.1).
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Figure 5.1. An x-ray crystal structure was obtained of SC-5-CF3-3 with ellipsoids drawn at the 50 % probability level, to
further confirm the structure and stereochemistry of the 4,6-fused scaffold. The crystal structure was solved by Dr. Louise

Male.
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7. Supplementary Information
7.1. Representative NMR Spectra

7.1.1. Representative NMR of Homoallylic Amine (Bis-Aryl)
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7.1.2. Representative NMR of Amino-Azetidine
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7.1.3. Representative NMR of Homoallylic Amine (Amino Ethanol)
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7.1.4. Representative NMR Spectra for 4,6-Fused Scaffold
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7.1.5. Representative NMR Spectra for Decorated 4,6-Fused Scaffold
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7.1.6. Representative NMR Spectra for 5,6-Bridged Scaffold
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7.1.7. Representative NMR Spectra of Decorated 5,6-Bridged Scaffold
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7.2. X-Ray Crystallography Tables

Table 7.5. Crystal data and structure refinement for (SC-5-CF3-3)

Empirical formula CisH21FeN3O
Formula weight 409.38
Temperature/K 100.01(10)
Crystal system monoclinic

Space group P2i/c
a/A 13.8215(8)
b/A 15.5380(10)
c/A 9.1588(5)
o/° 90
/e 101.769(5)
v/° 90
Volume/A3 1925.6(2)
4 4
Pealcg/cm’ 1.412
wmm-! 1.131
F(000) 848.0
Crystal size/mm? 0.178 x 0.117 x 0.085
Radiation CuKo (A=1.54184)
20 range for data collection/° 8.666 to 148.056
Index ranges -17<h<17,-18<k<19,-11<1<10
Reflections collected 35885
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Independent reflections

3832 [Rint = 0.0361, Rsigma = 0.0159]

Data/restraints/parameters

3832/131/343

Goodness-of-fit on F?

1.050

Final R indexes [[>=2c (I)]

R; =0.0506, wR> = 0.1289

Final R indexes [all data]

R; =0.0601, wR> = 0.1387

Largest diff. peak/hole / e A~

0.41/-0.35

Table 7.6. Fractional Atomic Coordinates (x104) and Equivalent Isotropic Displacement
Parameters (A2x103) for ORCO04-066 D. Ueq is defined as 1/3 of of the trace of the
orthogonalised UlJ tensor.

Atom X y b4 U(eq)
C1 2578.5(18) 4886.4(19) 2177(3) 33.3(6)
C2 2787.4(19) 5760.8(18) 1453(2) 40.6(7)
C3 3487(2) 5931(2) 2942(3) 33.6(6)

CIA 2576(6) 4593(6) 2847(11) 36(2)
C2A 3007(7) 4193(4) 4456(9) 40(2)
C3A 3116(9) 6237(8) 2724(12) 37(2)
C4 3436.3(16) 5006.3(14) 4948(2) 48.2(5)
C5 3691.6(15) 5756.2(13) 6004(2) 39.9(4)
C6 3612.2(18) 6764.8(15) 3869(2) 51.3(6)
C7 4797.8(12) 6979.7(11) 6293.8(18) 29.3(4)
C8 5920.0(15) 8210.9(14) 6633(2) 41.1(5)
C9 6907.4(17) 7773.9(19) 6662(4) 70.1(8)
C10 5892.5(16) 9108.8(14) 5984(2) 43.5(5)
Cl1 1545.3(13) 4498.0(13) 1906(2) 36.5(4)
C12 1322.3(14) 3791.2(13) 976(2) 36.4(4)
C13 364.1(14) 3470.6(12) 625.1(19) 35.5(4)
Cl4 -375.6(14) 3852.8(12) 1215(2) 36.3(4)
CI15 -154.5(13) 4561.1(12) 2136(2) 32.9(4)
Cl6 798.1(13) 4886.4(12) 2488(2) 33.0(4)
C17 117.3(18) 2718.4(14) -403(2) 47.4(5)
CI18 -954.1(14) 4956.4(13) 2792(2) 41.1(4)
F1 858(4) 2274(4) -609(10) 95(2)
F2 -424(5) 2952.2(19) -1741(3) 69.7(12)
F3 -510(5) 2162(3) 78(5) 72.2(12)
F1A 850(12) 2164(7) -204(17) 77(3)
F2A 213(14) 2967(5) -1786(8) 84(3)
F3A -673(8) 2383(9) -454(19) 89(3)
F4 -1253(6) 4409(5) 3802(10) 62.0(16)
F5 -698(3) 5650(5) 3637(12) 67(2)
F6 -1765(7) 5108(7) 1869(9) 72(2)
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F4A -994(7) 4687(8) 4062(8) 71(2)

FSA _873(4) 5826(3) 2787(13) 64.0(16)
F6A _1836(6) 4843(8) 1865(11) 79(3)

N1 2863.9(11) 5366.6(10) 3571.4(16) 34.6(4)
N2 4142.0(12) 6474.3(11) 5340.2(15) 35.8(4)
N3 5113.9(11) 7714.2(10) 5744.4(16) 32.2(3)
01 5091.6(9) 6771.1(8) 7617.0(13) 34.5(3)

Table 7.7. Anisotropic Displacement Parameters (A2x103) for ORCO04-066 D. The
Anisotropic displacement factor exponent takes the form: -2n2[h2a*2U11+2hka*b*U12+...].

Atom Un U2 Uss Uzs Uz Un
Cl 28.2(11) 45.8(15) 26.0(14) -7.4(11) 5.6(10) -1.6(10)
C2 39.3(13) 60.7(16) 20.1(11) 0.4(10) 1.8(9) -15.2(11)
C3 30.1(15) 48.7(17) 20.8(12) 1.0(11) 2.3(11) -7.6(12)

Cl1A 29(4) 50(6) 29(5) -5(4) 5(4) 7(4)
C2A 36(4) 49(5) 33(5) -9(4) 0(3) 2(4)
C3A 27(5) 54(7) 31(5) 19(5) 9(4) -2(4)
C4 40.6(11) 48.3(12) 47.3(12) -4.6(9) -10.8(9) 1.2(9)
C5 47.7(11) 45.3(11) 23.9(8) 5.6(8) 0.4(7) -13.6(8)
Co6 65.8(14) 56.6(13) 23.7(9) 10.9(9) -9.5(9) -27.3(11)
C7 30.3(8) 38.9(9) 19.1(8) -1.0(6) 5.8(6) -0.8(7)
C8 44.1(10) 54.0(12) 22.7(8) -0.6(8) 1.0(7) -17.909)
C9 36.8(12) 75.4(18) 90(2) 28.9(15) -6.3(12) -14.7(11)
C10 53.3(12) 48.9(11) 29.6(9) -7.0(8) 11.4(8) -17.3(9)
Cl1 30.4(9) 44.2(10) 33.1(9) -7.9(8) 2.3(7) 1.4(8)
Cl12 36.8(9) 41.2(10) 30.1(9) -3.8(8) 3.9(7) 5.0(8)
Cl13 43.1(10) 32.4(9) 28.2(8) 1.4(7) 0.7(7) -1.2(7)
Cl4 33.7(9) 39.1(10) 34.2(9) 3.5(7) 2.1(7) -5.7(7)
Cl15 31.909) 35.2(9) 31.5(9) 3.3(7) 5.8(7) 0.0(7)
Clé6 30.909) 36.5(9) 30.1(9) -3.9(7) 2.6(7) 0.3(7)
C17 61.0(13) 39.7(11) 39.5(11) -4.2(9) 5.509) -4.7(10)
C18 31.7(9) 46.1(11) 45.0(11) -2.509) 7.1(8) -3.2(8)
F1 57.2(18) 82(4) 142(5) -75(3) 12(2) -2(2)
F2 109(3) 52.8(13) 35.1(11) -10.2(9) -14.7(15) -1.7(16)
F3 114(3) 49.1(17) 54.3(18) -12.9(12) 18.8(17) -37.9(17)
F1A 123(7) 24(3) 77(5) -5(3) 2(4) 11(3)
F2A 147(9) 60(3) 39(3) -18(2) 6(4) -13(5)
F3A 61(4) 84(7) 118(8) -50(6) 13(5) -34(4)
F4 63(3) 65(3) 69(4) 14(2) 39(3) 11(2)
F5 47.6(18) 59(3) 104(5) -42(3) 36(2) -14.5(16)
Fo6 57(4) 113(5) 43(3) 11(3) 6(2) 45(3)
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F4A 78(4) 106(6) 36(2) 14(3) 30(2) 25(3)
F5A 57(2) 48.1(17) 99(5) -1(2) 44(3) 9.2(15)
F6A 23(2) 131(6) 81(4) -46(4) 7(2) -3(3)

NI 30.2(7) 47.4(9) 26.9(7) -5.2(6) 7.3(6) -8.3(6)

N2 39.3(8) 46.4(9) 19.7(7) 3.9(6) 1.2(6) -13.2(7)

N3 36.2(8) 42.0(8) 17.8(7) -0.7(6) 4.0(6) -9.2(6)

01 40.7(7) 43.8(7) 18.1(5) 0.4(5) 3.6(5) -3.7(5)

Table 7.8. Bond Lengths for (SC-5-CF3-3).

Atom Atom Length/A Atom Atom Length/A
Cl C2 1.564(4) C8 N3 1.459(2)
Cl Cl11 1.523(3) Cl1 C12 1.386(3)
Cl N1 1.462(3) Cl11 C16 1.392(3)
C2 C3 1.526(3) C12 C13 1.390(3)
C3 C6 1.539(4) Cl13 Cl4 1.384(3)
C3 N1 1.430(3) Cl13 C17 1.496(3)

CIA C2A 1.599(11) Cl4 CI15 1.383(3)
ClA Cl11 1.514(8) C15 C16 1.386(2)
ClA N1 1.391(9) C15 C18 1.493(3)
C2A C4 1.429(7) C17 Fl 1.280(6)
C3A Cé6 1.396(11) C17 F2 1.348(4)
C3A N1 1.632(11) C17 F3 1.360(5)
C4 C5 1.509(3) C17 F1A 1.314(14)
C4 N1 1.457(3) C17 F2A 1.356(8)
C5 N2 1.468(2) C17 F3A 1.203(11)
C6 N2 1.467(2) C18 F4 1.380(7)
C7 N2 1.370(2) C18 F5 1.332(4)
C7 N3 1.355(2) C18 F6 1.281(8)
C7 o1 1.240(2) C18 F4A 1.248(8)
C8 C9 1.520(3) C18 F5A 1.355(5)
C8 C10 1.514(3) C18 F6A 1.348(8)
Table 7.9. Bond Angles for (SC-5-CF3-3).

Atom Atom Atom Angle/* Atom Atom Atom Angle/*
Cl1 Cl C2 121.5(2) Cle CI5 Ci18 120.17(17)
N1 Cl C2 83.51(17) C1s Cl6 Cl11 119.79(17)
N1 Cl Cl1 114.91(19) F1 C17 CI13 115.3(3)
C3 C2 Cl 84.81(19) F1 C17 F2 108.9(4)
C2 C3 C6 128.2(3) F1 C17 F3 106.6(4)
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N1 C3 C2 86.01(18) F2 C17 CI13 112.0(2)
N1 C3 C6 107.7(2) F2 Cl7 F3 101.2(3)
Cll ClA C2A 128.1(8) F3 Cl17 C13 111.8(3)
NI ClA C(C2A 83.1(5) FIA C17 C13 110.7(7)
NI ClA Cl1 120.0(6) FIA Cl17 FA 95.6(9)
C4 C2A CIlA 90.0(4) F2A C17 C13 108.2(4)
C6 C3A NI 104.4(6) F3A C17 C13 116.8(6)
C2A 4 C5 155.8(4) F3A Cl17 FlA 112.9(10)
C2A 4 N1 87.1(3) F3A Cl17 FA 110.4(7)
N1 C4 C5 105.80(16) F4 C18 Cl5 111.3(4)
N2 C5 C4 112.66(16) F5 C18 Cl5 115.8(2)
C3A  C6 N2 125.9(5) F5 CI8 F4 100.9(4)
N2 C6 C3 103.1(2) F6 Cl18 Cl5 115.5(5)
N3 C7 N2 117.86(14) F6 Cl18 F4 102.4(5)
01 C7 N2 121.02(16) F6 Cl18 F5 109.1(5)
01 C7 N3 121.12(16) F4A CI18 Cl15 114.4(4)
Cl10  C8 C9 111.68(18) F4A CI8 F5A 110.9(4)
N3 C8 C9 110.77(19) F4A  C18 F6A 109.7(6)
N3 cs Cl0 108.28(15) F5A C18 CI5 109.9(3)
Cl12 Cl11 cC1 119.84(18) F6A C18 CI5 110.0(5)
Cl2 Cl11 ClA 119.5(4) F6A CI8 F5A 101.1(5)
Cl2 Cl1 Cl6 119.30(17) C3 N1 Cl1 92.20(17)
Cl6 Cl11 C1 120.66(17) C3 N1 C4 108.61(19)
Cl6 Cl1 ClA 115.2(4) CIA NI  C3A 123.8(6)
Cll1 Cl12 Ci13 120.54(17) CIA NI C4 97.6(4)
Cl2 C13 C17 120.64(18) C4 N1 Cl 124.19(19)
Cl4 C13 CI12 120.06(17) C4 NI  C3A 126.8(4)
Cl4 C13 C17 119.29(18) C6 N2 C5 116.07(15)
Cl15 C14 C13 119.40(17) C7 N2 C5 116.93(14)
Cl4 C15 Cl6 120.90(17) C7 N2 C6 123.39(16)
Cl4 C15 C18 118.90(16) C7 N3 C8 120.39(15)
Table 7.10. Table 6 Hydrogen Bonds for (SC-5-CF3-3)
D H A d(D-H)/A d(H-A)/A d(D-A)/A D-H-A/°
N3 H3A Ol 0.87(2) 2.12(2) 2.9680(19) 165(2)

4+X,3/2-Y,-1/2+Z
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Table 7.11. Torsion Angles for (SC-5-CF3-3).

A B C D Angle/® A B C D Angle/*
Cl C2 (C3 Ceo -136.0(3) Cl2 C13 C14 C15 0.9(3)
Cl C2 (C3 NI -26.61(19) Cl2 C13 C17 Fl1 17.1(5)
Cl Cl1 cCl12 C13 -175.0(2) Cl12 C13 Cl17 F2 -108.1(4)
Cl Cl1 Cl6 CI5 175.1(2) Cl12 C13 C17 F3 139.1(3)
c2 Cl1 Cl11 C12 106.0(2) Cl2 C13 C17 FIA 36.2(7)
c2 Cl Cl11 Cl6 -68.8(3) Cl2 C13 C17 F2A -67.3(9)
c2 CI NI (3 -27.9(2) Cl2 C13 C17 F3A 167.4(10)
C2 Cl1 NI ¢4 -142.2(2) CI3 Cl14 C15 Cl6 -0.7(3)
c2 C3 C6 N2 163.6(2) CI3 C14 C15 C18  -178.73(17)
c2 C3 NI (1 28.5(2) Cl4 C13 C17 Fl1 -163.6(5)
cC2 C3 NI c4 155.86(19) Cl4 C13 Cl17 F2 71.2(4)
C3 C6 N2 OC5 -53.5(2) Cl4 C13 C17 F3 -41.6(4)
C3 C6 N2 (7 148.66(19) Cl4 C13 Cl17 FlA -144.5(7)
CIA C2A C4 G5 134.2(7) Cl4 C13 Cl17 F2A 112.0(9)
CIA C2A (C4 NI 10.5(5) Cl4 C13 C17 F3A -13.3(11)
ClIA Cl11 C12 C13 151.4(5) Cl4 C15 Cl6 Cl11 0.1(3)
CIA Cl11 Cl6 C15 -152.4(5) Cl4 C15 C18 F4 67.2(5)
C2A ClA Cl11 Ci12 -85.8(8) Cl4 Cl15 C18 F5 -178.3(6)
C2A ClA Cl11 Cl6 66.8(9) Cl4 C15 C18 Fé -49.0(6)
C2A Cl1A N1 C3A 155.9(6) Cl4 C15 C18 F4A 94.0(6)
C2A ClA N1 ¢4 11.0(5) Cl4 C15 C18 F5A -140.5(5)
C2A C4 C5 N2 -171.6(8) Cl4 C15 C18 F6A -30.0(6)
C2A C4 N1 ClA -12.3(6) Cl6 Cl11 Cl12 C13 -0.1(3)
C2A C4 NI C3A -155.6(7) Cl6 Cl15 C18 F4 -110.8(5)
C3A C6 N2 G5 -37.5(7) Cl6 Cl15 C18 F5 3.6(7)
C3A C6 N2 (7 164.6(6) Cl6 C15 C18 Fé 133.0(6)
C4 C5 N2 Ceo 50.5(3) Cl6 C15 C18 F4A -84.0(7)
c4 C5 N2 (7 -150.21(17) Cl6 C15 C18 F5A 41.5(6)
Cs5 C4 NI (1 171.24(18) Cl6 C15 C18 F6A 152.0(6)
Cs5 C4 NI C3 65.1(2) Cl7 C13 C14 C15  -178.41(17)
C5 C4 NI ClA -171.5(4) C18 C15 Cl6 Cl11 178.12(17)
C5 C4 NI C3A 45.2(6) NI C1 C2 C3 26.09(18)
C6 C3 NI (1 157.5(2) NI Cl1 Cl1 Cl12 -156.0(2)
C6 C3 NI cC4 -75.2(3) NI Cl1 Cl1 Cl16 29.2(3)
C6 C3A NI ClA -164.7(6) NI C3 C6 N2 64.6(3)
C6 C3A NI C4 -30.1(10) Nl ClIA C2A C4 -11.1(5)
c9 C8 N3 (7 75.2(2) NI ClA Cl11 Cl12 168.3(6)
Clo0 C8 N3 (C7 -162.01(16) NI ClA Cl11 Cl16 -39.2(10)
Cl1 C1 C2 (3 141.4(2) NI C3A C6 N2 23.0(10)
Clt Cl1 NI C3 -149.7(3) NI C4 C5 N2 -51.4(2)
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Cl1 C1I NI (4 95.9(3) N2 C7 N3 (8 -170.68(17)

Cll ClA C2A C4 ~134.1(7) N3 C7 N2 G5  -170.78(17)
Cll CIA NI C3A  -73.8(11) N3 C7 N2 C6 -13.1(3)
Cll CIA NI C4 141.3(7) Ol C7 N2 G5 9.2(3)
Cll Cl2 CI3 Cl4 -0.5(3) Ol C7 N2 C6  166.86(19)
Cll CI2 CI3 Cl17  178.78(18) Ol C7 N3 C8 9.4(3)
Cl2 Cll Cl6 CI5 0.3(3)

Table 7.12. Hydrogen Atom Coordinates (Ax104) and Isotropic Displacement Parameters
(A2x103) for (SC-5-CF3-3).

Atom X y z U(eq)
HI 3075.41 4452.64 2076.11 40
H2A 3110.92 5705.74 611.8 49
H2B 2224.27 6146.01 1231.27 49
H3 4130.32 5661.78 2962.06 40
HIA 3046.7 4463.53 2208.22 43
H2C 2500.21 4008.57 4980.87 48
H2D 3489.41 3741.07 444742 48
H3C 3532.67 6106.25 2019.14 44
H3D 2515.36 6510.91 2196.08 44
H4C 4031.99 4732.67 4768.34 58
H4D 3050.37 4582.44 5358.04 58
H4 4072.75 4939.52 4645.91 58
H5A 3095.46 5957.33 6299.11 48
H5B 4146 5563.15 6894.24 48
H6A 3995.19 7187.22 3450.7 62
H6B 2976.22 7011.59 3925.73 62
H6C 3127.42 7179 4059.15 62
H6D 4089.35 7087.57 3446.29 62
HS8 5813.79 8250.7 7656.13 49
HOA 7032.4 7751.98 5669.63 105
H9B 6890.38 7199.65 7042.84 105
HOC 7423.28 8094.07 7293.1 105
HIOA 6418.72 9445.83 6555.43 65
H10B 5269.84 9373.57 6017.74 65
H10C 5971.55 9076.58 4968.33 65
HI12 1817.85 3529.25 582.78 44
H14 -1015.59 3635.08 993.99 44
Hl16 937.99 5362.66 3110.31 40
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Atom X y z U(eq)
H3A 4997(16) 7819(15) 4790(30) 41(6)
Table 7.13. Atomic Occupancy for (SC-5-CF3-3).
Atom Occupancy Atom Occupancy Atom Occupancy
C1 0.784(5) Hl 0.784(5) C2 0.784(5)
H2A 0.784(5) H2B 0.784(5) C3 0.784(5)
H3 0.784(5) Cl1A 0.216(5) HIA 0.216(5)
C2A 0.216(5) H2C 0.216(5) H2D 0.216(5)
C3A 0.216(5) H3C 0.216(5) H3D 0.216(5)
H4C 0.784(5) H4D 0.784(5) H4 0.216(5)
H6A 0.784(5) H6B 0.784(5) H6C 0.216(5)
H6D 0.216(5) F1 0.701(12) F2 0.701(12)
F3 0.701(12) F1A 0.299(12) F2A 0.299(12)
F3A 0.299(12) F4 0.513(15) F5 0.513(15)
F6 0.513(15) F4A 0.487(15) F5A 0.487(15)
F6A 0.487(15)
7.3. Compounds Submitted for Biological Screening
Molecular o
MNolecule Structure weight log pKa | Fsp3 Barcode A’
ame P Purity
(g/mol)
UoB-DD- ) HCC -
0006325 F@@w 392.345 353 | 637 | 0.61 100435 100
andir) 0)_,4
UoB-DD- HCC -
0006324 X @M/X 420.399 442 | 6.37 | 0.65 100433 100
UoB-DD- ng HCC -
0006323 X (@% 472.431 43 | 631 | 043 100440 99
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UoB-DD-

HCC -

0006322 474.42 2.15 | 545 | 0.61 100436 100
UoB-DD- HCC -
0006321 468.84 529 | 543 | 042 100431 96
UoB-DD- HCC -
0006320 429.366 339 | 564 | 04 100437 92
UoB-DD- HCC -
0006319 600.403 6.68 | 585 | 03 100430 100
S, X
UoB-DD- e HCC -
0006318 N4 F 423.403 3.80 | 545 | 0.63 100338 100
\/\)OI\ andtr) F .
UoB-DD- S HCC -
0006317 @ F 408.388 434 | 547 | 0.63 100432 100
UoB-DD- ;(6 e HCC -
0006316 X “&3 472.387 423 | 6.28 | 041 100443 99
UoB-DD- . v HCC -
0006315 Fﬁ@/ 430.354 241 | 6.16 | 0.42 100439 100
F mﬂmN J \/N
UoB-DD- . e HCC -
0006314 Fﬁ@ . 432.37 3.1 | 533 | 047 100438 100
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UoB-DD-

HCC -

oo DD F 469.4 293 | 478 | 05 100429 96
I(J)glggg 490422 | 457 | 5.79 | 0.43 5)(554'1 100
%8]323)1])1_ 465347 | 407 | 551 | 04 113)(0:4(1:3;1 100
I(J)glggl%' 418343 | 2.41 | 5.81 | 0.44 5)(0:52'7 96
%8]3;330139_ 430354 | 2.68 | 5.55 | 0.42 113)(0:4(1:2;3 100
I(J)glgg(%— 44439 239 | 5.46 | 0.65 5)(0:54'2 94
%8]322)12_ 575397 | 6.16 | 8.66 | 0.4 5)(0:?4;‘ 92
%8]322)1])1_ 583376 | 7.13 | 5.85 | 0.27 5)(0:?3'7 94
%8]322)1% 523361 | 7.07 | 9.42 | 0.48 5)%3'5 93

282




UoB-DD-

HCC -

0006209 571.405 8.05 | 9.21 | 0.33 100334 95
UoB-DD- HCC -
0006208 547.339 6.67 | 848 | 0.33 100328 91
UoB-DD- HCC -
0006207 ) 457.42 517 | 545 | 041 100341 99
UoB-DD- ;(E:) g HCC -
0006206 X &N})r 457.42 5.17 | 6.34 | 041 100332 100
UoB-DD- Xé HCC -
0006205 X Qé’@/ 487.446 502 | 542 | 043 100330 100
UoB-DD- Xé 7 HCC -
0006204 " @\; 461.384 48 | 633 [ 0.38 100325 100
UoB-DD- ;(é andy HCC -
0006203 X & N 475.411 451 | 6.35 | 041 100324 100
andte ?_N@F
UoB-DD- i, HCC -
0006202 Fﬁhﬁ” > 421.387 342 | 6.35 | 0.63 100326 95
andte >,/NH 1
UoB-DD- Xé o HCC -
0006201 S @wr 479.374 495 | 632 | 038 100342 100
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UoB-DD-

o
1:2 -

HCC -

0006200 qzﬁ 457.42 5.17 | 635 | 041 100336 100
UoB-DD- Xai @y HCC -
0006199 . @«‘*‘Nrw 487.402 | 4.28 | 6.34 | 041 100375 92
UoB-DD- Xé e HCC -
0006198 X @Zﬁ g 487.446 | 4.86 | 5.42 | 0.43 100361 97
UoB-DD- Xé . HCC -
0006197 X @y 468.403 452 | 633 | 036 100350 100
antﬂmO)/NH .
UoB-DD- XE:;‘ HCC -
0006196 X @) 449.42 461 | 629 | 0.42 100376 100
andtw ),NH_—
g}
UoB-DD- ] g HCC -
0006195 Xé@ y 447381 343 | 635 | 045 100353 100
anu};()),Nw
UoB-DD- Xé it HCC -
0006194 X @ 435.414 4 | 635 065 100383 100
andir) »’Nb
UoB-DD- Xé yid HCC -
0006193 X q 449 441 444 | 635 | 0.67 100373 100
UoB-DD- ) o HCC -
0006192 F Xé Q 423.403 37 | 545 | 0.63 100349 100

z
I

X

N
andfm) ),
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UoB-DD-

noom
- n
-
\ -

HCC -

0006191 '@ﬂ } 409.376 342 | 545 | 0.61 100356 100
andite »,N;/

UoB-DD- andy HCC -

0006190 Fﬁm@ﬂ > 429.366 3.39 | 6.25 0.4 100357 100

' RN A

UoB-DD- . gl HCC -

0006189 Fﬁ‘“@ﬂ ' 466.81 335 | 6.15 | 0.47 100369 91
and}L;N»,CIL

UoB-DD- F " HCC -

0006188 Fﬁl'lﬁﬂ «> 429.366 3.77 | 6.21 0.4 100380 98
and‘1:0‘N //

o N
UoB-DD- i HCC -
0006187 F;(:\OE@1> 408.388 4.55 | 548 | 0.63 100352 98
by

UoB-DD- . andhy HCC -

0006186 Fﬁ“'@” > 429.366 339 | 6.23 0.4 100377 100
i S 4

UoB-DD- i, HCC -

0006185 Fﬁl"@‘ é/(o 438.37 2.57 | 6.31 | 0.63 100364 99

UoB-DD- . e HCC -

0006184 Fﬁ'..@ﬂ 430.354 3.07 | 6.17 | 0.42 100362 99
i Wi

UoB-DD- ndt, HCC -

0006183 Fﬁ 418.343 241 |1 6.29 | 044 100346 99

M
J ‘Z\/-
X
=z
I
—d
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UoB-DD- ; gy HCC -
0006182 ;ﬁhﬁ“ > 418.343 2.83 | 6.26 | 0.44 100372 100
" anu"‘:NM\\\N
UoB-DD- . g, HCC -
0006181 Féﬁ > _ 459.392 2.65 | 5.53 | 043 100370 100
A J
UoB-DD- . gy HCC -
0006180 Fﬁ@ 446.393 4.15 | 6.19 | 0.48 100359 95
' and“':i:N //O
UoB-DD- g HCC -
0006179 Fﬁ“@“ > . 432.37 3.09 | 533 | 047 100366 95
and‘ﬁ‘;N & \
res
UoB-DD- i HCC -
0006178 Fﬁ@ é/k 433.354 26 | 5.15 | 047 100348 90
F LN / N
and1g) OJ
UoB-DD- i, HCC -
0006177 Xé a0\ J i 459.392 383 | 526 | 043 100347 100
’ and N /N
UoB-DD- g, HCC -
0006176 F>(6 oy O//\0 486.414 4.12 6.23 0.43 100367 100
UoB-DD- . . HCC -
0006175 Fﬁmﬂm 419.327 336 | 6.11 | 0.44 100384 97
UoB-DD- g HCC -
0006174 Fﬁ,.@ > 418.339 3.67 | 6.1 0.42 100365 99
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UoB-DD-

=

HCC -

<}

0006173 XE;;@;G/ 449441 | 324 | 879 | 067 | oo | 100

obon: Xé@% _ 445365 | 258 | 643 | 04 | [ECC 97
am;,;:“o HO\ /

%85&?7]3{ Xé@} 424387 | 2.87 | 547 | 0.63 5)(03?7;‘ 94
| ama;,‘“m

‘{)gﬁg?% XE:;Q>% 43237 | 285 | 633 | 047 1%%6'3 100
F : N(D

%8&?6‘39' Xéq \ 392345 | 353 | 637 | 061 5)(03?66 100
and-,;,"“(?]/4

%8&?6‘?; ﬁ@} 391317 | 27 | 626 | 053 5)%8'5 100
M‘,:”O»/\\\N

I(J)glgé?g XE:) @3@ 49644 | 427 | 5.11 | 043 1%%7‘1 100

LonDb: XéQ’W 49248 | 441 | 603 [ 045 | (150|100
. O \/©

‘33&?6‘35' Xé@) 47343 | 202 | 6.02 | 067 5)%475 100

1%

o
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UoB-DD-

HCC -

0006164 oy 470.47 435 | 6.04 | 0.7 100378 100
UoB-DD- ;(5 andy HCC -
0006163 X @w 478.45 412 | 6.05 | 043 100376 100
UoB-DD- ;(6 e HCC -
0006162 X @> ) 454.39 2.84 | 587 | 047 100382 100
N
UoB-DD- ;(é andhy HCC -
0006161 X @3 444.44 3.64 | 5.13 | 0.67 100368 100
v O
UoB-DD- o 0 HCC -
0006160 € 486.414 4.15 | 5.72 | 0.43 100386 96
UoB-DD- HCC -
0006159 495.5 422 | 5.6 0.5 100387 100
UoB-DD- HCC -
0006158 449.441 349 | 7.81 | 0.67 100388 100
UoB-DD- HCC -
0006157 468.403 4.14 | 571 | 0.36 100389 99
UoB-DD- HCC -
0006156 480.414 432 | 56 | 035 100390 100
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UoB-DD-

HCC -

oD 43237 | 296 | 5.66 | 047 | | oo 100
%glgé?sa' 453388 | 4.46 | 5.67 | 036 5)(0:?9'2 100
%glgé?g' 459392 | 3.98 | 552 | 0.52 1%%9'3 100
%glgé?g 443393 | 352 | 5.69 | 0.43 5)(0:?9;‘ 100
%glgé?g 478.45 43 | 551 | 048 5)(0:?9'6 100
%85&?5% 433.354 3.1 | 5.44 | 047 5)(0:?9'7 100
%glgé?g 430354 | 3.07 | 5.58 | 0.42 5)%9'5 100
I(J)glgé?g 460.424 | 3.19 | 5.74 | 0.52 5)(0:?9;3 100
%85&?3 472431 | 473 | 5.78 | 0.43 113)(0:4(1:0{) 100
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UoB-DD-

HCC -

oD 420399 | 448 | 578 | 0.5 | o0 100
I(J)glgé?g 460424 | 359 | 5.64 | 0.52 113)(0:4(1:0_2 95
UoB-DD- 470415 | 449 | 573 | 043 | T~ 96
%glgé?g' 447381 33 | 546 | 05 5)(0:?9'9 98
I(J)glgé?g 470415 | 4.16 | 5.58 | 039 S)gfogt 100
%glgé?ﬁ' 418339 | 3.67 | 551 | 0.42 5)((;4(1:0_5 98
%glgé?g 468403 | 3.89 | 5.89 | 0.36 5)(550'6 96
I(J)glgé?g 392345 | 3.53 | 5.78 | 0.61 113)(0:4(1:0_7 100
%glgé?g 495.44 | 299 | 524 | 045 113)(0:4(1:0;3 99
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UoB-DD-

HCC -

0006137 479.374 | 495 | 573 | 038 | ioa00 97
%85&??6_ 479374 | 495 | 5.68 | 038 S)gfli 96
%glgé?g 487.446 | 421 | 576 | 043 113)(0:4(1:1_2 97
%85&?3 487.402 | 428 | 5.75 | 0.41 5)(551'3 100
%glgé?g' ) 468403 | 452 | 5.74 | 036 113)((;4(1:1_5 100
%glgé?g 447381 | 3.43 | 5.76 | 0.45 S)gflb 98
%glgé?g' 449441 | 444 | 576 | 0.67 113)(0:4(1:1;1 96
%8]3;1)3%— 496.44 502 | 532 | 0.43 5)(551'6 100
%8&?2139' 48242 | 45 | 529 | 04 5)(0:51'7 97
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%glgé?g p i 496.44 | 427 | 542 | 043 1%%5'5 92
%glgé?g 489.44 | 422 | 526 | 038 113)(0:4(1:1_9 91
%85&?2136_ 442.42 345 | 547 | 0.67 113)(0:4(1:26 100
%glgé?g 482.45 3.18 | 5.29 | 0.53 S)gfzi 100
%glgé?za' 492.48 441 | 545 | 045 113)(0:4(1:2_2 100
%glgé?g' 46842 | 279 | 525 | 05 5)(552'3 98
%glgé?zz' 494 45 42 | 531 | 043 113)(0:4(1:2;1 95
%glgé?le' 47845 | 412 | 546 | 043 113)((;4(1:2_5 100
%85&?2%_ 444 44 3.64 | 545 | 0.67 5)(552'6 100
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UoB-DD-

0004309 ° \)w© ) 333344 | 056 | 6.76 | 0.5
N
antji)N/Lo
UoB-DD- o2
0004308 275308 | 0.94 | 694 | 05
Ox
b,
[o]
andéw N)l\/
UoB-DD- nal N
0004307 287319 | 1.69 | 6.93 | 0.4
Oz
‘0_
{o DD- L 381432 | 249 | 6.76 | 038
0004306 DEQ : : : .
g\ B
UoB-DD- BT
0004305 Q 372.81 24 | 6.62 | 033
[e]
UoB-DD- ES J\O
0004304 Q 343427 | 3.05 | 6.81 | 0.63
Py
UoB-DD- E’AA
0004303 mlty 332404 | 1.76 | 6.78 | 0.59
[e)
=S
UoB-DD- ana[
0004302 301346 | 1.72 | 6.81 | 0.56
Ox
‘O"
0004301 373.36 3.08 | 654 | 032
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UoB-DD-

0004300 342.355 0.78 | 6.38 | 0.41
UoB-DD-
0004299 343.306 2 6.87 | 0.53
UoB-DD-
0004298 379.46 433 | 6.78 | 0.41
UoB-DD-
0004297 427.457 232 ] 6.69 | 041
(o}
UoB-DD- L : \)N ~)
0004296 D 343.4 2.7 | 636 | 035
Oy
X

AP
UoB-DD- E::\) O
0004295 330.388 1.46 | 6.78 | 0.59

Ox
\O’

o s
UoB-DD- mE:/\N o
0004294 Q S 319.361 233 | 6.73 | 0.56
UoB-DD- @
0004293 [7 381388 | 241 | 67 | 035

SO

and. le\N/\
UoB-DD- E@ L
0004292 346.387 083 | 6.78 | 0.59

ye

\
o
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UoB-DD-

O 359.4 1.64 | 5.92 | 0.44
%8]3:2)9% 525333 | 5.76 | 9.44 | 045 1%%3_1 95
%8]34]2)8])9_ 552.403 589 | 9.76 | 05
%8]34]2)8% 537.388 732 1 972 | 05
%8]34_112)8])7- 509.334 | 6.55 | 9.16 | 0.45 1}(1)%3'6 94
%8]34_112)8])6- 537388 | 7.43 | 9.69 | 0.5 1%% 40 93
%8]34_112)8])5- 566.43 6.54 | 9.76 | 0.52
%81341235- 555.42 6.85 | 9.72 | 0.48
%8]34]2)82_ 521.345 6.59 | 103 | 0.48
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UoB-DD-

PO 566.386 | 5.72 | 8.03 | 0.5
%8]34]232?1_ 548.327 6.6 | 535 | 035
%8]3:2323 564.414 | 623 | 9.73 | 0.52
%8]3:2)7])9_ 564414 | 583 | 9.73 | 0.52
%8]34]2)72_ 562.33 637 | 5.6 | 0.29
%8]34]2)72_ 535372 | 7.04 | 889 | 0.5 5)(0:?2'9 94
%8]34_112)7])6- 571.405 84 | 5.94 | 033
%8]34]2)7])5_ 617.43 722 | 895 | 0.36
%8]34]2)72_ 572.393 7.78 | 6.62 | 0.35
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UoB-DD-

o 567.373 76 | 587 | 0.26
%8]34]2)72_ 562.354 6.54 | 539 | 0.38
%8]34]2)7])1_ 578.441 622 | 9.6 | 0.54 5)%3'3 96
%8]34]2)7% 578.397 546 | 8.74 | 048
%8]34_112)6])9- 534344 | 5.63 | 103 | 0.43
%8]34_112)6]?3- 575393 | 7.17 | 7.8 | 0.38
%8]34_112)62- 564.414 6.39 | 8.05 | 0.52 5)%4'3 93
%8]34_112)6])6- 576.425 6.77 | 7.73 | 0.46
%8]34_112)6])5- 572.393 6.6 | 9.74 | 035
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UoB-DD-

o 573377 | 7.29 | 5.84 | 031
%8]34_112)6]?5- 562.33 6.97 | 5.58 | 0.29
%8]34_112)62- 537.388 751 | 944 | 05
%8]34]2)5])9_ 561.342 759 | 5.78 | 0.28
%8]3:2)5]?3_ 579.385 | 4.77 | 9.33 | 0.46
%8]34]2)52_ 572.393 6.6 | 9.71 | 0.35
%8]34]2)5])5_ ) 578.78 743 | 561 | 0.29
%8]34]2)52_ d /{/D 60042 | 827 | 567 | 027
%8]34]2)52_ F < /4]@ 583376 | 742 | 7 | 027

F
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UoB-DD-

Rt 578.78 7.05 | 573 | 0.29
%8]3:2)4?9_ 593.8 7.16 | 544 | 033
%8]3:2)42_ 589.336 | 7.41 | 5.44 | 0.29
%8]34_112)4{)6- 534.3 6.07 | 533 | 032
%8]34]2)4{)5_ 593.456 | 5.67 | 9.71 | 0.54
%8]34]233 561.37 6.09 | 5.71 | 0.38
%813‘-‘1233 573377 | 6.68 | 5.88 | 0.31
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7.4. 4,6 Fused Compound Library

MW log TPSA

Structure Chemical formula (g/mol) P pKa (A% Fsp3

CI9H19F6N302S2 | 499.49 | 3.44 | 5.07 53.51 0.53

2 O‘S“(:N\—/ " | CI18H17F6N303S 4694 | 293 | 5.09 66.65 0.5

CI9HI19F6N303S | 48343 |3.07 | 5.38 66.65 0.53

4 CI6HIGF6N202S | 41437 | 298 | 548 | 4062 | 05
5 ClSHlscélF ON202 | 4368 |3.02| 5.4 | 4062 | 06
i ! \NK/N AF
6 “ | CI9HITF6N302S | 46541 |3.74| 526 | 5351 | 0.42
7|7 | CIOH20F6N402S | 48245 | 3.18| 529 | S844 | 053
F N/\N N: N
X \\S/,\ON
L s -
g | ™ CIOHITF6N302S | 46541 |3.14| 525 | 5351 | 042
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9 CI9H25F6N302S | 47348 | 248 | 8.44 43.86 0.68
10 CI9H22F6N203S | 47245 | 251 | 5.46 49.85 0.68
11 C20H19F6N303S | 49544 | 299 | 5.24 62.74 0.45
12 CI9H16F7N302S 4834 |3.68 | 524 53.51 0.42
13 CI8H18F6N402S | 468.42 | 3.06 | 5.27 58.44 0.5
14 CI8H18F6N402S | 46842 | 338 | 5.25 58.44 0.5
15 CI8H18F6N402S | 46842 | 279 | 5.25 58.44 0.5
16 CI8H20F6N204S | 47442 | 2.15| 5.45 66.92 0.61
17 CI8H18F6N403S | 484.42 |3.02 | 5.34 79.54 0.56
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18 ~ CI8H20F6N203S | 45842 | 245 | 5.46 49.85 0.67
19 CI17H20F6N203S | 44641 |235| 5.45 49.85 0.65
20 CI7H18F6N204S | 460.39 | 233 | 5.47 66.92 0.59
21 CI7H18F6N203S | 44439 | 239 | 5.46 49.85 0.65
22 C21H20F6N203S | 49445 | 42 | 5.31 49.85 0.43
23 C21H19F7N202S | 49644 |5.02| 53 40.62 0.43
24 C22H22F6N202S | 49248 | 441 | 5.45 40.62 0.45
25 C21H20F6N202S | 47845 | 4.88 | 5.34 40.62 0.43
26 C20H17F7N202S | 48242 | 45 | 5.29 40.62 0.4

302




; n S ° C21HI19F7N202S | 496.44 | 4.27 | 5.42 40.62 0.43

C20H24F6N202S | 47047 | 435 | 5.46 40.62 0.7

CI9H20F6N402S | 48245 3 5.28 69.3 0.53

C21H20F6N202S | 47845 | 4.12 | 5.46 40.62 0.43

31 C21H20F6N203S | 49445 | 42 | 527 | 4985 | 043
3 C20HI6CIF6N3O | 463.81 |421| 558 | 3644 | 04
33 C”Hl%élF ON202 1 46485 |3.12| 545 | 40.62 | 0.65
34 CIS8H22F6N202S | 44444 |3.64| 545 | 4062 | 0.67
35 C19H16(§F ON3O2 1 49986 |3.97| 52 | 5351 | 042
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36 CISHI6F6N202S2 | 47045 |4.14 | 524 | 4062 | 044
37 C20HIOF6N303S | 49544 |358| 525 | 6274 | 045
38 C20HIOF6N303S | 49544 |358| 519 | 6274 | 045
39 C19H16%1F ON3O2 1 49986 |3.75| 522 | 53.51 | 042
40 CIS8H20F6N202S | 44242 |345| 547 | 4062 | 0.67
41 CITHI6F6N402S | 45439 |2.84| 528 | 693 | 047
£ C2OH2IF6N3O | 45742 |5.17| 575 | 3558 | 041
e CI8H23F6N30Si | 439.477 | 425 | 5.52 | 3558 | 0.6l
44 CI9H23F6N30 | 423.403 | 3.7 | 576 | 3558 | 0.63
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45 ) C20H23F6N30 435414 4 5.76 35.58 0.65
HN%D
46 N\_/N_'/SN C18H20CIF6N30 44382 | 337 | 5.76 35.58 0.61
’ F _\—\C\
47 C19H23F6N30 423403 | 3.89 | 5.76 35.58 0.63
48 ) C19H17F6N30S 44942 | 4.61 5.7 35.58 042
H:FO
] C18H21F6N30 409.376 | 3.42 | 5.76 35.58 0.61
o
49 N W
N <
/
C17H16CIF6N302 | 443.77 |2.94 | 5.78 52.65 0.53
50 N\_/N—gNJ{_
X C20H19F6N302 | 447.381 | 3.43 | 5.76 48.72 0.45
51 WL%TQ
HN>:O
"\\
X C18H19F6N303S | 471.42 |1.52 | 3.81 69.72 0.61
52 3
HN>:0
O§Sb
$%i C23H23F6N302 | 487.446 | 421 | 5.76 44.81 0.43
53 2
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e C22H20F7N30 475.411 | 5.32 5.75 35.58 0.41
54 7
DKN\) F
° C22H21F6N30 457 .42 5.17 5.76 35.58 0.41
@NJ&N
55 K/N F
C23H23F6N302 487.446 | 4.21 5.76 44 .81 0.43
/©/\NJ\N
56 \o K/N F
F (\Nio N
57 X C22HISFON4O | 468.403 | 452 | 5.74 | 5937 | 036
Fo. N(\N)J\u
58 | ° C22HI9F6N303 | 487.402 | 428 | 5.75 | 54.04 | 041
59 C19H26FfN2O2SS 488.56 | 4.44 | 545 | 4062 | 0.68
60 C21HITF6N302S | 48944 | 422 | 526 | 6441 | 038
61 C16H17%1F6N202 450.82 | 3.06 | 545 | 4062 | 0.62
62 C21HI9FTN202S | 49644 |5.02| 532 | 4062 | 043
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63 #\%iiz C22H20F7N30 475411 | 532 | 5.74 35.58 041
B

64 #\%Z; O C20H16CIF6N30 463.81 | 4.21 5.63 36.44 04

65 #\%1; C19HI15CIF6N20S | 468.84 | 529 | 543 23.55 042

66 3 0 C19H17CIF6N40 466.81 | 3.35 5.56 41.37 047

67 F F F “\_/”‘:Ié:m C16H14CI2F6N20 | 435.19 | 4.03 5.13 23.55 0.56

68 —> O C20H17F6N30 429.366 | 3.77 | 5.62 36.44 04

69 ’ —> C20H17F6N30 429.366 | 3.39 | 5.64 36.44 04
\7N/ °

70 F F : N\_/”J{)_\_{; CI19H19CIF6N202 | 456.81 | 3.56 5.7 40.62 0.58

71 F F “\_/“_/{)_,( C18H21F6N30 409.376 | 2.64 | 7.51 26.79 0.61
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72 C22H2IF6N3O | 457.42 |5.17| 576 | 3558 | 0.4l

73 CI6HI5FON202S | 47035 |3.35| 545 | 4062 | 0.62

74 C23H23F6N302 | 487.446 | 5.02 | 573 | 4481 | 0.43

75 : 3 C23H23F6N302 | 487.446 | 486 | 5.73 | 44.81 | 0.43
R

76 *%/;% C21HI7F8N30O | 479.374 | 4.95| 573 | 3558 | 0.38

77 3)5 C21HI7F8N30O | 479.374 | 4.95| 5.68 | 3558 | 0.38

78 %1 C22H20F7N30O | 475411 | 451 | 576 | 3558 | 0.4l
5

79 FF 1 C21H25F6N30 | 449.441 | 4.44 | 576 | 3558 | 0.67

80 jk%;# C21HISFIN3O | 461.384 | 48 | 574 | 3558 | 0.38
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81 ) C21H18F7N30 461.384 | 4.8 | 5.71 35.58 0.38
HN>:OF
82 7L%Z; C22H21F6N30 45742 | 437 | 5.76 35.58 0.41
Y=o
7.5. 5,6-Bridged Compound Library
. MW log TPSA
Structure Chemical formula (g/mol) P pKa (A% Fsp3
1 C24H24F6N202 | 486.458 | 4.87 | 6.37 32.78 0.46
2 “3 C22HI19F7N202 | 476.395 | 441 | 6.31 32.78 0.41
3 C22H17F6N30 453.388 | 446 | 6.23 47.34 0.36
4 C19H22F6N20 408.388 | 4.18 | 5.47 23.55 0.63
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5 C20H16CIFO6N30O | 463.81 | 4.6 | 6.21 36.44 0.4
6 C20H17F6N302 | 445.365 | 2.58 | 6.43 52.65 0.4
7 C21H19F6N302 | 459.392 | 2.65 | 5.53 43.86 0.43
8 | C20H16CIF6N30O | 463.81 | 4.38 | 6.15 36.44 0.4
9 C21H19F6N302 | 459.392 | 3.83 | 5.33 45.67 0.43
10 C23H20F6N203 | 486.414 | 4.12 | 6.23 42.01 0.43
11 C20H18F6N20S 448.43 | 5.03 | 5.24 23.55 0.45
12 C23H20F6N203 | 486.414 | 4.15 | 6.31 42.01 0.43
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13 C21H19F6N30 443393 | 3.9 | 541 36.44 0.43
14 C20H15F8N30 465.347 | 3.67 | 5.14 36.44 0.4
15 C22H19F6N302 | 471.403 | 3.46 | 5.34 66.64 0.36
16 C18H16F6N40 418.343 | 2.83 | 6.26 52.23 0.44
17 C22H19F6N303 | 487.402 | 3.78 | 5.28 62.74 0.41
18 C20H20F6N40 446.397 | 3.09 | 6.24 41.37 0.5
19 C18H16F6N40 418.343 | 2.41 | 6.29 52.23 0.44
20 C21H25F6N30 449441 | 3.49 | 7.85 26.79 0.67
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21 C21H19F6N302 | 459392 | 3.23 | 5.28 45.67 0.43
22 CI8H15F6N302 | 419.327 | 3.36 | 6.11 49.58 0.44
23 CI19H18F6N40 43237 | 3.1 5.33 41.37 0.47
24 C21H19F6N302 | 459.392 | 3.05 | 6.67 45.67 0.43
25 CI9H17F6N302 | 433354 | 2.6 | 5.15 49.58 0.47
26 CI19H18F6N40 43237 | 2.85| 6.33 41.37 0.47
27 C21H25F6N30 449.441 | 3.24 | 8.79 26.79 0.67
28 CI9H22F6N202 | 424.387 | 2.87 | 5.47 43.78 0.63
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29 CI19H18F6N40 43237 | 3.09 | 5.33 41.37 0.47
30 C20H18F6N402 460.38 | 299 | 5.25 58.56 0.45
31 C21H24F6N203 | 466.424 | 2.54 | 6.31 42.01 0.67
32 CI9H17F6N302 | 433.354 | 3.13 | 5.17 49.58 0.47
33 CI18H21F6N30 409.376 | 2.62 | 89 35.58 0.61
34 C21H23F6N303 | 479.423 | 1.39 | 4.05 64.09 0.62
35 CI19H16F6N40 430.354 | 2.41 | 6.16 49.33 0.42
36 CI9H16F6N402 | 446.353 | 231 | 6.37 65.01 0.42
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37 C20H18F6N40 444381 | 2.69 | 5.25 49.33 0.45
38 CI19H16F6N40 430.354 | 3.07 | 6.17 49.33 0.42
39 CI19H16F6N40 430.354 | 3.32 | 6.15 49.33 0.42
40 C17H15F6N30 391317 | 2.7 | 6.26 47.34 0.53
41 C17H19F6N30 395349 | 2.26 | 8.81 35.58 0.59
42 CI19H20F6N203 438.37 | 2.57 | 6.31 42.01 0.63
43 C21H17F6N303 | 473375 | 1.4 | 0.81 73.74 0.38
44 C23H22F6N203 488.43 | 429 | 6.24 42.01 0.43
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45 CI19H22F6N20 408.388 | 4.34 | 5.47 23.55 0.63
46 C20H22F6N20 420.399 | 442 | 6.37 23.55 0.65
47 C22H18F6N203 | 472.387 | 423 | 6.28 42.01 0.41
48 C23H22F6N202 | 472.431 | 4.3 6.31 32.78 0.43
49 CI9H16F6N20S 4344 | 439 | 6.22 23.55 0.42
50 C23H21F6N302 48543 | 3.84 | 5.4l 52.65 0.39
51 C20H19F6N30 431.382 | 3.83 | 541 28.48 0.45
52 CI9H16F6N20S 4344 | 452 | 6.1 23.55 0.42
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53 C20H19F6N302 | 447381 | 3.3 | 5.15 49.58 0.5
54 CI19H22F6N20 408.388 | 4.55 | 5.48 23.55 0.63
55 C21H19F6N30 443393 | 3.9 | 5.37 36.44 0.43
56 C18H20F6N20 394.361 4 5.47 23.55 0.61
57 C20H17F6N30 429.366 | 3.39 | 6.25 36.44 0.4
58 CI9H16F6N202 | 418.339 | 3.67 | 6.1 36.69 0.42
59 CI18H18F6N20 392.345 | 3.53 | 6.37 23.55 0.61
60 CI19H20F6N203 438.37 | 2.772 | 5.47 49.85 0.58
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61 CI9H21F6N30 421.387 | 3.42 | 6.35 35.58 0.63
62 CI18H19F6N30 40736 | 3.11 | 6.35 35.58 0.61
63 CI9H23F6N302 | 439.402 | 2.66 | 545 4481 0.63
64 C21H19F7N202S | 496.44 | 5.02 | 5.01 40.62 0.43
65 C22H22F6N202S | 49248 | 441 | 6.03 40.62 0.45
66 C21H20F6N202S | 47845 |4.88 | 5.03 40.62 0.43
67 C20H17F7N202S | 48242 | 45 | 4.97 40.62 0.4
68 C21HI19F7N202S | 496.44 | 4.27 | 5.11 40.62 0.43
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69 C20H24F6N202S 470.47 | 4.35 6.04 40.62 0.7
70 C21H20F6N202S 478.45 | 4.12 6.05 40.62 0.43
71 CI18H22F6N202S 44444 | 3.64 5.13 40.62 0.67
72 C17H16F6N402S 45439 | 2.84 5.87 69.3 0.47
73 C18H17F6N303S 469.4 2.93 478 66.65 0.5
74 CI18H21F6N303S 47343 | 2.02 6.02 53.09 0.67
75 FF FF | F <:> C19H17CIF6N40O 466.81 3.35 6.15 41.37 0.47
76 FF . <) C__N} C20H17F6N30O 429.366 | 3.77 6.21 36.44 0.4
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77 D C20HI7F6N30 | 429366 | 3.39 | 623 | 36.44 0.4
2
78 o @# C22H21F6N30 45742 | 517 | 635 | 3558 | 041
79 TR C22H21F6N30 | 45742 |5.17| 634 | 3558 | 041
Y=o
80 o Q)z C23H23F6N302 | 487.446 | 5.02 | 5.42 | 4481 | 043
81 A () C23H23F6N302 | 487.446 | 486 | 542 | 4481 | 043
HN>=OOJ
82 o @%D C21HI7FSN30 | 479374 | 495 | 632 | 3558 | 0.38
*6*0
83 <, C22H20F7N30 | 475411 | 451 | 635 | 3558 | 041
84 XD C21H25F6N30 | 449.441 | 444 | 635 | 3558 | 0.67

oYY
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85 D C22H21F6N30 | 45742 | 517 | 545 | 3558 | 041
o

86 D C2IHISFIN3O | 461384 | 48 | 633 | 3558 | 0.38
o

87 >(5“A ) CI9H23F6N30 | 423.403 | 37 | 545 | 3558 | 0.63

88 D C22HISF6N4O | 468.403 | 4.52 | 633 | 5937 | 036
o

89 20 C20H23F6N30 | 435414 | 4 | 635 | 3558 | 0.65
HN>=O

90 CI9H23F6N30 | 423.403 | 3.89 | 545 | 3558 | 0.63

91 i; C22HI19F6N303 | 487.402 | 428 | 634 | 54.04 | 041

9 SRR CI9HI7F6N30S | 44942 |461| 629 | 3558 | 042
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93 o '@% C20HI9F6N302 | 447.381 | 3.43 | 635 | 4872 | 045
P\
94 ; @% CISH21F6N30 | 409376 | 342 | 545 | 3558 | 0.61
d"vl/\O),NH
\/\)J\N/% F
95 N CI9H22F6N20 | 408.388 | 434 | 547 | 2355 | 0.63

7.6. Knime Workflows

7.6.1. Amino-Azetidine Library Workflow
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7.6.2. 4,6-Fused and 5,6-Bridged Scaffold Decoration Workflow
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