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1
CYCLIC DIARYLBORON DERIVATIVES AS
NLRP3 INFLAMMASOME INHIBITORS

INTRODUCTION

The present invention relates to novel inhibitor com-
pounds, as well as to the use of the novel inhibitor com-
pounds in the treatment of diseases or conditions in which
interleukin 1p activity is implicated. The present invention
also relates to processes for the preparation of the novel
inhibitor compounds, as well as pharmaceutical composi-
tions comprising the novel inhibitor compounds.

BACKGROUND OF THE INVENTION

Inflammation is an early and important response to tissue
injury and infection. In the absence of pathogens, it is
considered sterile and exacerbates the pathology of major
non-communicable diseases (e.g. stroke, myocardial infarc-
tion, Alzheimer’s, atherosclerosis, diabetes, cancer)™”.
Inflammatory cytokines associated with sterile inflammation
are members of the interleukin-1 (IL-1) family, namely
IL-1c. and IL-1B'. On-going research is establishing the
NLRP3-inflammasome complex as one of the most impor-
tant regulators of inflammation. The NLRP3 inflammasome
forms a molecular platform inside macrophages and micro-
glial cells, catalysing the activation of the protease caspase-
1. Caspase-1 is responsible for converting the potent pro-
inflammatory cytokine interleukin-1 beta (IL-1f) from an
inactive to an active secreted form. The NLRP3 inflam-
masome represents an important new target for the devel-
opment of novel therapeutics. We have developed novel
small molecule inhibitors of the NLRP3 inflammasome and
have characterised their potency in vitro.

IL-1P is produced as a pro-IL-1 precursor. This precur-
sor is expressed in response to pathogen associated molecu-
lar patterns (PAMPs) or damage associated molecular pat-
terns (DAMPs) that bind to pattern recognition receptors
(PRRs) on macrophages to upregulate pro-inflammatory
gene expression>*. PAMPs are motifs carried by pathogens,
such as bacterial endotoxin (or lipopolysaccharide (LPS)),
and DAMPs are commonly endogenous molecules released
by necrosis. Pro-IL-1 is inactive and remains intracellular
until a further PAMP or DAMP stimulation activates cyto-
solic PRRs, often of the NLR family, to form large multi-
protein complexes called inflammasomes®. These com-
plexes consist of the PRR, pro-caspase-1, and, depending
upon the PRR, an adaptor protein called ASC (apoptosis-
associated speck-like protein containing a caspase recruit-
ment domain), that interact via CARD and pyrin homology
binding domains®. When the PRR senses PAMPs or DAMPs
it recruits ASC, which in turn recruits caspase-1 causing its
activation (FIG. 1). Caspase-1 then processes pro-1L-1f to a
mature form that is rapidly secreted from the cell®. Although
the closely related pro-IL-1a is not a substrate for caspase-1,
the activation of inflammasomes can also drive IL-la
release®. The activation of caspase-1 itself can also cause
cell death directly”.

A number of inflammasome forming PRRs have been
identified including NLRP1, NLRP3, NLRP6, NLRP7,
NLRP12, NLRC4, AIM2, TFI16, and RIG-I°. Of these
inflammasomes identified to-date, the best characterised,
and most strongly associated with sterile inflammation is
formed by NLRP3.

There are many endogenous (‘sterile’) activators of
NLRP3 including molecules such as ATP®, sphingosine’,
crystals of monosodium urate (MSU)'°, cholesterol'!, and
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AP fibrils'?. There is limited evidence supporting a direct
interaction between DAMP and NLRP3 and additional host
cellular signals such as K* efflux'®, lysosomal destabilisa-
tion and cathepsin activity'*, ROS production and/or mito-
chondrial dysfunction'®, post-translational modification
such as deubiquitination of inflammasome components'-'9,
are suggested to be important.

Anti-IL-1p therapies (such as Anakinra) are remarkably
safe, with far fewer incidences of opportunistic infections
compared with anti-TNF therapies'®. Furthermore, selec-
tively targeting the NLRP3 inflammasome will avoid major
anti-microbial inflammasomes such as NLRC4 or AIM2>°
and are thus even less likely to cause immunosuppressive
effects.

The present invention was devised with the foregoing in
mind.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is
provided a compound for use in the treatment of diseases or
conditions in which interleukin 1p activity is implicated,
said compound, or a pharmaceutically acceptable salt or
solvate thereof, having the structural formula I defined
herein.

According to another aspect of the present invention,
there is provided a compound having the structural formula
1 defined herein, or a pharmaceutically acceptable salt or
solvate thereof.

According to another aspect of the present invention,
there is provided a pharmaceutical composition which com-
prises a compound of formula I defined herein, or a phar-
maceutically acceptable salt or solvate thereof, and one or
more pharmaceutically acceptable excipients.

According to another aspect of the present invention,
there is provided a compound of formula I defined herein, or
a pharmaceutically acceptable salt or solvate thereof, for use
as a medicament.

According to another aspect of the present invention,
there is provided a compound of formula I defined herein, or
a pharmaceutically acceptable salt or solvate thereof, for use
in the production of an inflammasome inhibitory effect.

According to another aspect of the present invention,
there is provided a compound of formula I defined herein, or
a pharmaceutically acceptable salt or solvate thereof, for use
in the production of an anti-inflammatory effect.

According to another aspect of the present invention,
there is provided a method of inhibiting inflammasome
activity in vitro or in vivo, said method comprising contact-
ing a cell with an effective amount of a compound of
formula I defined herein, or a pharmaceutically acceptable
salt or solvate thereof

According to another aspect of the present invention,
there is provided a method of treating a disease or condition
in which interleukin 1§ activity is implicated, said method
comprising administering to a patient in need of such
treatment a therapeutically effective amount of a compound
of formula I defined herein, or a pharmaceutically acceptable
salt or solvate thereof, or a pharmaceutical composition as
defined herein.

According to another aspect of the present invention,
there is provided a method of synthesising a compound of
formula I defined herein, or a pharmaceutically acceptable
salt or solvate thereof.

According to another aspect of the present invention,
there is provided a compound of formula I defined herein, or
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a pharmaceutically acceptable salt or solvate thereof, obtain-
able by, or obtained by, or directly obtained by a method of
synthesis as defined herein.

DETAILED DESCRIPTION OF THE
INVENTION

Definitions

Unless otherwise stated, the following terms used in the
specification and claims have the following meanings set out
below.

It is to be appreciated that references to “treating” or
“treatment” include prophylaxis as well as the alleviation of
established symptoms of a condition. “Treating” or “treat-
ment” of a state, disorder or condition therefore includes: (1)
preventing or delaying the appearance of clinical symptoms
of'the state, disorder or condition developing in a human that
may be afflicted with or predisposed to the state, disorder or
condition but does not yet experience or display clinical or
subclinical symptoms of the state, disorder or condition, (2)
inhibiting the state, disorder or condition, i.e., arresting,
reducing or delaying the development of the disease or a
relapse thereof (in case of maintenance treatment) or at least
one clinical or subclinical symptom thereof, or (3) relieving
or attenuating the disease, i.e., causing regression of the
state, disorder or condition or at least one of its clinical or
subclinical symptoms.

A “therapeutically effective amount” means the amount of
a compound that, when administered to a mammal for
treating a disease, is sufficient to effect such treatment for the
disease. The “therapeutically effective amount” will vary
depending on the compound, the disease and its severity and
the age, weight, etc., of the mammal to be treated.

The term “alkyl” includes both straight and branched
chain alkyl groups. References to individual alkyl groups
such as “propyl” are specific for the straight chain version
only and references to individual branched chain alkyl
groups such as “isopropyl” are specific for the branched
chain version only. For example, “(1-6C)alkyl” includes
(1-4C)alkyl, (1-3C)alkyl, propyl, isopropyl and t-butyl. A
similar convention applies to other radicals, for example
“phenyl(1-6C)alkyl” includes phenyl(1-4C)alkyl, benzyl,
1-phenylethyl and 2-phenylethyl.

The term “(m-nC)” or “(m-nC) group” used alone or as a
prefix, refers to any group having m to n carbon atoms.

“(3-10C)cycloalkyl” means a hydrocarbon ring contain-
ing from 3 to 10 carbon atoms, for example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or bicycle
[2.2.2]octane, bicycle[2.1.1]hexane, bicycle[1.1.1]pentane,
adamantane and bicyclo[2.2.1]heptyl.

The term “halo” refers to fluoro, chloro, bromo and iodo.

The term “fluoroalkyl” is used herein to refer to an alkyl
group in which one or more hydrogen atoms have been
replaced by fluorine atoms. Examples of fluoroalkyl groups
include —CHF,, —CH,CF;, or perfluoroalkyl groups such
as —CF; or —CF,CF;. An analogous definition applies to
the term “haloalkyl”.

The term “heterocyclyl”, “heterocyclic” or “heterocycle”
means a non-aromatic saturated or partially saturated mono-
cyclic, fused, bridged, or spiro bicyclic heterocyclic ring
system(s). Monocyclic heterocyclic rings contain from
about 3 to 12 (suitably from 3 to 7) ring atoms, with from
1 to 5 (suitably 1, 2 or 3) heteroatoms selected from
nitrogen, oxygen or sulfur in the ring. Bicyclic heterocycles
contain from 7 to 17 member atoms, suitably 7 to 12 member
atoms, in the ring. Bicyclic heterocyclic(s) rings may be
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fused, spiro, or bridged ring systems. Examples of hetero-
cyclic groups include cyclic ethers such as oxiranyl, oxeta-
nyl, tetrahydrofuranyl, dioxanyl, and substituted cyclic
ethers. Heterocycles containing nitrogen include, for
example, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl,
tetrahydrotriazinyl, tetrahydropyrazolyl, and the like. Typi-
cal sulfur containing heterocycles include tetrahydrothienyl,
dihydro-1,3-dithiol, tetrahydro-2H-thiopyran, and hexahy-
drothiepine. Other heterocycles include dihydro-oxathiolyl,
tetrahydro-oxazolyl, tetrahydro-oxadiazolyl, tetrahydrodi-
oxazolyl, tetrahydro-oxathiazolyl, hexahydrotriazinyl, tetra-
hydro-oxazinyl, morpholinyl, thiomorpholinyl, tetrahydro-
pyrimidinyl, dioxolinyl, octahydrobenzofuranyl,
octahydrobenzimidazolyl, and octahydrobenzothiazolyl. For
heterocycles containing sulfur, the oxidized sulfur hetero-
cycles containing SO or SO, groups are also included.
Examples include the sulfoxide and sulfone forms of tetra-
hydrothienyl and thiomorpholinyl such as tetrahydrothiene
1,1-dioxide and thiomorpholinyl 1,1-dioxide. A suitable
value for a heterocyclyl group which bears 1 or 2 oxo (—0O)
or thioxo (=—S) substituents is, for example, 2-oxopyrrolidi-
nyl, 2-thioxopyrrolidinyl, 2-oxoimidazolidinyl, 2-thiox-
oimidazolidinyl, 2-oxopiperidinyl, 2,5-dioxopyrrolidinyl,
2,5-dioxoimidazolidinyl or 2,6-dioxopiperidinyl. Particular
heterocyclyl groups are saturated monocyclic 3 to 7 mem-
bered heterocyclyls containing 1, 2 or 3 heteroatoms
selected from nitrogen, oxygen or sulfur, for example aze-
tidinyl, tetrahydrofuranyl, tetrahydropyranyl, pyrrolidinyl,
morpholinyl, tetrahydrothienyl, tetrahydrothienyl 1,1-diox-
ide, thiomorpholinyl, thiomorpholinyl 1,1-dioxide, piperidi-
nyl, homopiperidinyl, piperazinyl or homopiperazinyl. As
the skilled person would appreciate, any heterocycle may be
linked to another group via any suitable atom, such as via a
carbon or nitrogen atom. However, reference herein to
piperidino or morpholino refers to a piperidin-1-yl or mor-
pholin-4-y1 ring that is linked via the ring nitrogen.

The term “Heterocyclyl(m-nC)alkyl” means a heterocy-
clyl group covalently attached to a (m-nC)alkylene group,
both of which are defined herein.

The term ‘“heteroaryl” or ‘“heteroaromatic” means an
aromatic mono-, bi-, or polycyclic ring incorporating one or
more (for example 1-4, particularly 1, 2 or 3) heteroatoms
selected from nitrogen, oxygen or sulfur. Examples of
heteroaryl groups are monocyclic and bicyclic groups con-
taining from five to twelve ring members, and more usually
from five to ten ring members. The heteroaryl group can be,
for example, a 5- or 6-membered monocyclic ring or a 9- or
10-membered bicyclic ring, for example a bicyclic structure
formed from fused five and six membered rings or two fused
six membered rings. Each ring may contain up to about four
heteroatoms typically selected from nitrogen, sulfur and
oxygen. Typically the heteroaryl ring will contain up to 3
heteroatoms, more usually up to 2, for example a single
heteroatom. In one embodiment, the heteroaryl ring contains
at least one ring nitrogen atom. The nitrogen atoms in the
heteroaryl rings can be basic, as in the case of an imidazole
or pyridine, or essentially non-basic as in the case of an
indole or pyrrole nitrogen. In general the number of basic
nitrogen atoms present in the heteroaryl group, including
any amino group substituents of the ring, will be less than
five.

Examples of heteroaryl include furyl, pyrrolyl, thienyl,
oxazolyl, isoxazolyl, imidazolyl, pyrazolyl, thiazolyl, iso-
thiazolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazenyl,
benzofuranyl, indolyl, isoindolyl, benzothienyl, benzox-
azolyl, benzimidazolyl, benzothiazolyl, benzothiazolyl,
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indazolyl, purinyl, benzofurazanyl, quinolyl, isoquinolyl,
quinazolinyl, quinoxalinyl, cinnolinyl, pteridinyl, naphthy-
ridinyl, carbazolyl, phenazinyl, benzisoquinolinyl, pyri-
dopyrazinyl, thieno[2,3-b]furanyl, 2H-furo[3,2-b]-pyranyl,
SH-pyrido[2,3-d]-0-0xazinyl, 1H-pyrazolo[4,3-d]-oxazolyl,
4H-imidazo[4,5-d]thiazolyl,  pyrazino[2,3-d|pyridazinyl,
imidazo[2,1-b]thiazolyl, imidazo[1,2-b][1,2,4]triazinyl.
“Heteroaryl” also covers partially aromatic bi- or polycyclic
ring systems wherein at least one ring is an aromatic ring and
one or more of the other ring(s) is a non-aromatic, saturated
or partially saturated ring, provided at least one ring contains
one or more heteroatoms selected from nitrogen, oxygen or
sulfur. Examples of partially aromatic heteroaryl groups
include for example, tetrahydroisoquinolinyl, tetrahydroqui-
nolinyl, 2-o0x0-1,2,3.4-tetrahydroquinolinyl, dihydrobenz-
thienyl, dihydrobenzfuranyl, 2,3-dihydro-benzo|1,4]dioxi-
nyl, benzo[1,3]dioxolyl, 2,2-dioxo-1,3-dihydro-2-
benzothienyl, 4,5,6,7-tetrahydrobenzofuranyl, indolinyl,
1,2,3,4-tetrahydro-1,8-naphthyridinyl,  1,2,3,4-tetrahydro-
pyrido[2,3-b]pyrazinyl and 3,4-dihydro-2H-pyrido[3,2-b][1,
4loxazinyl.

Examples of five membered heteroaryl groups include but
are not limited to pyrrolyl, furanyl, thienyl, imidazolyl,
furazanyl, oxazolyl, oxadiazolyl, oxatriazolyl, isoxazolyl,
thiazolyl, isothiazolyl, pyrazolyl, triazolyl and tetrazolyl
groups.

Examples of six membered heteroaryl groups include but
are not limited to pyridyl, pyrazinyl, pyridazinyl, pyrimidi-
nyl and triazinyl.

A bicyclic heteroaryl group may be, for example, a group
selected from:

a) a benzene ring fused to a 5- or 6-membered ring

containing 1, 2 or 3 ring heteroatoms;

b) a pyridine ring fused to a 5- or 6-membered ring
containing 1, 2 or 3 ring heteroatoms;

¢) a pyrimidine ring fused to a 5- or 6-membered ring
containing 1 or 2 ring heteroatoms;

d) a pyrrole ring fused to a 5- or 6-membered ring
containing 1, 2 or 3 ring heteroatoms;

e) a pyrazole ring fused to a 5- or 6-membered ring
containing 1 or 2 ring heteroatoms;

f) a pyrazine ring fused to a 5- or 6-membered ring
containing 1 or 2 ring heteroatoms;

g) an imidazole ring fused to a 5- or 6-membered ring
containing 1 or 2 ring heteroatoms;

h) an oxazole ring fused to a 5- or 6-membered ring
containing 1 or 2 ring heteroatoms;

i) an isoxazole ring fused to a 5- or 6-membered ring
containing 1 or 2 ring heteroatoms;

j) a thiazole ring fused to a 5- or 6-membered ring
containing 1 or 2 ring heteroatoms;

k) an isothiazole ring fused to a 5- or 6-membered ring
containing 1 or 2 ring heteroatoms;

1) a thiophene ring fused to a 5- or 6-membered ring
containing 1, 2 or 3 ring heteroatoms;

m) a furan ring fused to a 5- or 6-membered ring con-
taining 1, 2 or 3 ring heteroatoms;

n) a cyclohexyl ring fused to a 5- or 6-membered het-
eroaromatic ring containing 1, 2 or 3 ring heteroatoms;
and

0) a cyclopentyl ring fused to a 5- or 6-membered
heteroaromatic ring containing 1, 2 or 3 ring heteroa-
toms.

Particular examples of bicyclic heteroaryl groups contain-
ing a six membered ring fused to a five membered ring
include but are not limited to benzofuranyl, benzothiophe-
nyl, benzimidazolyl, benzoxazolyl, benzisoxazolyl, benzo-
thiazolyl, benzisothiazolyl, isobenzofuranyl, indolyl, isoin-
dolyl, indolizinyl, indolinyl, isoindolinyl, purinyl (e.g.,
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adeninyl, guaninyl), indazolyl, benzodioxolyl, pyrrolopyri-
dine, and pyrazolopyridinyl groups.

Particular examples of bicyclic heteroaryl groups contain-
ing two fused six membered rings include but are not limited
to quinolinyl, isoquinolinyl, chromanyl, thiochromanyl,
chromenyl, isochromenyl, chromanyl, isochromanyl, ben-
zodioxanyl, quinolizinyl, benzoxazinyl, benzodiazinyl, pyri-
dopyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl,
phthalazinyl, naphthyridinyl and pteridinyl groups.

“Heteroaryl(m-nC)alkyl” means a heteroaryl group cova-
lently attached to a (m-nC)alkylene group, both of which are
defined herein. Examples of heteroaralkyl groups include
pyridin-3-ylmethyl, 3-(benzofuran-2-yl)propyl, and the like.

The term “aryl” means a cyclic or polycyclic aromatic
ring having from 5 to 12 carbon atoms. The term aryl
includes both monovalent species and divalent species.
Examples of aryl groups include, but are not limited to,
phenyl, biphenyl, naphthyl and the like. In particular
embodiment, an aryl is phenyl.

The term “aryl(m-nC)alkyl” means an aryl group cova-
lently attached to a (m-nC)alkylene group, both of which are
defined herein. Examples of aryl-(m-nC)alkyl groups
include benzyl, phenylethyl, and the like.

This specification also makes use of several composite
terms to describe groups comprising more than one func-
tionality. Such terms will be understood by a person skilled
in the art. For example heterocyclyl(m-nC)alkyl comprises
(m-nC)alkyl substituted by heterocyclyl.

The term “optionally substituted” refers to either groups,
structures, or molecules that are substituted and those that
are not substituted.

Where optional substituents are chosen from “one or
more” groups it is to be understood that this definition
includes all substituents being chosen from one of the
specified groups or the substituents being chosen from two
or more of the specified groups.

The phrase “compound of the invention” means those
compounds which are disclosed herein, both generically and
specifically.

Compounds of the Invention

As discussed hereinbefore, according to one aspect of the
present invention, there is provided a compound of formula
1 shown below:

@

R3
R
2 \O+
-
R o\
Rs
wherein

Q is O or NR, wherein R, is H or (1-4C)alkyl;

R, is halo, (1-4C)alkyl, (1-4C)haloalkyl, S-(1-4C)alkyl,
aryl, heteroaryl or a (1-6C)a.,f-unsaturated aldehyde or
ketone;

R, is selected from hydrogen, halo, amino, cyano, nitro,
hydroxyl, or a group

LLXLR,
wherein

L' is absent or (1-2C)alkylene
X! is absent or selected from —O—, —C(O)—,

—CX)0—, —OCX)—, —CH(OR,)—,
—NR)— —NR)»—CX)— —NR)CX)
O0— —CX)NR)— —NRYCXINR,)—,
—S—, —80—, —8SO0,—, —S(O),NR,)—, or
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—N(R_)SO,— wherein X is O or NR; R is hydro-
gen or (1-3C)alkyl; and R and R, are each indepen-
dently selected from hydrogen or (1-6C)alkyl; and
R, is hydrogen, (1-6C)alkyl, (2-6C)alkenyl, (2-6C)

alkynyl, cyano, aryl, aryl(1-2C)alkyl, (3-6C)cy- 5

cloalkyl, heteroaryl, heterocyclyl or a sugar or amino
acid, each of which is optionally substituted by one
or more substituent groups independently selected
from oxo, halo, cyano, nitro, hydroxy, carboxy, phos-
phate, NR°R/; (1-4C)alkoxy, (1-4C)alkyl, (3-8C)cy-
cloalkyl, (3-8C)cycloalkyl-(1-3C)alkyl, (1-4C)al-
kanoyl, (1-4C)alkylsulphonyl, aryl, aryloxy,
heterocyclyl, heterocyclyloxy, heterocyclyl-(1-2C)
alkyl, heteroaryl, heteroaryloxy, heteroaryl-(1-2C)
alkyl, C(O)NR°R/, NR°C(O)R/, NR*S(0),R” and

S(O),NR°R;

wherein R® and R/ are each independently selected
from hydrogen, (1-4C)alkyl or (3-6C)cycloalkyl
or (3-6C)cycloalkyl(1-2C)alkyl;

or R® and R” can be linked such that, together with the
nitrogen atom to which they are attached, they
form a heterocyclic ring which is optionally sub-
stituted by oxo, halo, cyano, nitro, hydroxy, car-
boxy, NR2R”, (1-4C)alkoxy, (1-4C)alkyl, (3-8C)
cycloalkyl, (3-8C)cycloalkyl-(1-3C)alkyl, (1-4C)
alkanoyl, (1-4C)alkylsulphonyl, C(O)NRER”,
NREZC(O)R”, NRE2S(O),R* and S(O),NRER”,
wherein R and R” are each independently
selected from hydrogen, (1-4C)alkyl, (3-6C)cy-
cloalkyl or (3-6C)cycloalkyl(1-2C)alkyl;

or R, and R, are linked such that, together with the
nitrogen atom to which they are attached, they form
a heterocyclic ring which is optionally substituted by
oxo, halo, cyano, nitro, hydroxy, carboxy, NR'R/,
(1-4C)alkoxy, (1-4C)alkyl, (3-8C)cycloalkyl, (3-8C)
cycloalkyl-(1-3C)alkyl, (1-4C)alkanoyl, (1-4C)
alkylsulphonyl, C(O)NR'R/, NR'C(O)R/, NR'S(O),
R’ and S(O),NR'R/, wherein R’ and R/ are each
independently selected from hydrogen, (1-4C)alkyl,
(3-6C)cycloalkyl or (3-6C)cycloalkyl(1-2C)alkyl;

R; is selected from methyl, OR?, C(O)OR?, C(O)NRZR?
or NR'R/,

wherein R* and R’ are each independently selected from
hydrogen, (1-6C)alkyl, (3-10C)cycloalkyl, (3-10C)
cycloalkyl(1-2C)alkyl, (2-6C)alkenyl, (2-6C)alky-
nyl, aryl, aryl(1-2C)alkyl, heteroaryl, heteroaryl(1-
2C)alkyl, S(O)R?, S(O),R? or a sugar or amino acid
residue;

R? is selected from (1-4C)alkyl, (2-4C)alkenyl,
(2-4C)alkynyl or an aryl or heteroaryl group, each
of which may be optionally substituted with one or
more substituents selected from halo, OH, (1-4C)
alkyl, (1-4C)hydroxyalkyl, (2-4C)alkenyl and
(2-4C)alkynyl;

R? and R? are independently selected from hydrogen,
(1-6C)alkyl, (3-10C)cycloalkyl, (3-10C)cycloalkyl
(1-20C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, aryl, aryl
(1-2C)alkyl, heteroaryl or heteroaryl(1-2C)alkyl;

R, and R are each independently aryl or heteroaryl ring,
each of which is optionally substituted by halo, cyano,
nitro, hydroxy, carboxy, NR™R”, (1-2C)alkoxy, (1-4C)
alkyl, (1-4C)haloalkyl, (3-4C)cycloalkyl, (3-4C)cy-
cloalkyl-(1-2C)alkyl, aryl, aryl(1-2C)alkyl, (1-2C)al-

kanoyl, (1-2C)alkylsulphonyl, SR™, SOR™, C(O)

NR™R”, NR"C(O)R”, NR™S(O)R” and S(O),NR™R",

wherein R” and R” are each independently selected

from hydrogen, (1-2C)alkyl;
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or R, and Ry are linked to one another by a bond, an
alkylene linker optionally comprising one or more
heteroatoms, or a fused cycloalkyl, aryl, heteroaryl or
heterocyclic ring;

or a pharmaceutically acceptable salt thereof,

with the proviso that the compound is not one of the
following:

Jus)

Me =
EtO 0"

Me 0"

F;C N/ @
H i

CLO
O
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-continued
Me
H
\O+
e
Me N~
H

Particular compounds of the invention include, for
example, compounds of the formula I, or pharmaceutically
acceptable salts or solvates thereof, wherein, unless other-
wise stated, eachof Q, R, R, R,, L1, X', X, R, R,,R_, R,
R¢, R/, R&, R* R, R/, R;, R%, R, R,, R,, R, R", R?, R? and
R? has any of the meanings defined hereinbefore or in any
one of paragraphs (1) to (84) hereinafter:

(1) Qis NR, and R,, is optionally as defined in any one of

paragraphs (2) to (4) below;

(2) R, is H or (1-4C)alkyl;

(3) R, is H, methyl or ethyl;

4R, is H;

(5) R, is halo, (1-4C)alkyl, (1-4C)haloalkyl, S-(1-4C)
alkyl, phenyl or a (1-6C)a,B-unsaturated aldehyde or
ketone;

(6) R, is halo, (1-4C)alkyl, (1-4C)haloalkyl or a (1-6C)
a,p-unsaturated aldehyde or ketone;

(7) R, is halo, (1-4C)alkyl, (1-4C)haloalkyl, S-(1-4C)
alkyl or phenyl;

(8) R, is (1-4C)alkyl or (1-4C)haloalkyl;

(9) R, is (1-4C)haloalkyl;

(10) R, is (1-2C)haloalkyl;

(11) R, is methyl, di-halomethyl or per-halo methyl;

(12) R, is per-halo methyl;

(13) R, is dichloromethyl, trichloromethyl or triflurom-
ethyl;

(14) R, is CCl;;

(15) R, is selected from hydrogen, halo, amino, cyano,
nitro, hydroxyl, or a group -L'-X'—R,;

(16) R, is selected from hydrogen or a group -L'-X'—R,;

(17) R, is selected from hydrogen, cyano, C(O)R*?
C(O)OR?** or C(O)NR?*R?, wherein R>* is (1-4C)
alkyl and R?’R* are independently selected from
hydrogen or (1-4C)alkyl;

(18) R, is selected from cyano, C(O)R>*, C(O)OR** or
C(O)NR?*’R*, wherein R? is (1-4C)alkyl and R>’R>*
are independently selected from hydrogen or (1-4C)
alkyl;

(19) L' is absent or (1-2C)alkylene;

(20) L! is absent;

(21) X! is absent or selected from —O—, —C(O)—,
—C(X)O—, —OC(X)—, —CH(OR,)—, —NR_)—,
—NR)—CX)—, —NR)—CX)O—, —CX)—N
R)— —NRHYCKNR,)— —8— —S0—
—S0,—, —S(0),N(R,)—, or —N(R,)SO,—;

(22) X! is absent or selected from —O—, —C(O)—,
—C(X)0—, —OC(X)—, —CH(OR,)—, —NR_)—C
X)0— —CX)—NR)— —S—, SO,
—80,—, —S(0),NR,)—, or —N(R,)SO,—

(23) X! is absent or selected from —O—, —C(O)—,

—C(X)0O—, —OCX)—, —CH(OR_)—, —N(R_)—C
(X)O— or —C(X)—N(R,)—;

(24) X! is absent or selected from —C(0)—, —C(X)O—
or —C(X)—NR)—;

10

15

20

25

30

35

40

45

50

55

60

65

10

(25) In any one of paragraphs (21) to (24) above, X is O
or NR,;

(26) In any one of paragraphs (21) to (24) above, X is O;

(27) R, is hydrogen or methyl;

(28) R, is hydrogen, (1-6C)alkyl, (2-6C)alkenyl, (2-6C)
alkynyl, cyano, aryl, aryl(1-2C)alkyl, (3-6C)cy-
cloalkyl, heteroaryl, heterocyclyl or a sugar or amino
acid, each of which is optionally substituted by one or
more substituent groups independently selected from
oxo, halo, cyano, nitro, hydroxy, carboxy, phosphate,
NR°R/, (1-4C)alkoxy, (1-4C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(1-3C)alkyl, (1-4C)alkanoyl, (1-4C)
alkylsulphonyl, aryl, aryloxy, heterocyclyl, heterocy-
clyloxy, heterocyclyl-(1-2C)alkyl, heteroaryl, het-
eroaryloxy, heteroaryl-(1-2C)alkyl, C(O)NR°R/, NR°C
(O)R/, NR°S(0O),R” and S(O),NR°R/;

(29) R, is (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl,
cyano, aryl, aryl(1-2C)alkyl, (3-6C)cycloalkyl, het-
eroaryl, heterocyclyl or a sugar or amino acid, each of
which is optionally substituted by one or more sub-
stituent groups independently selected from oxo, halo,
cyano, nitro, hydroxy, carboxy, phosphate, NR°R/,
(1-4C)alkoxy, (1-4C)alkyl, (3-8C)cycloalkyl, (3-8C)
cycloalkyl-(1-3C)alkyl, (1-4C)alkanoyl, (1-4C)alkyl-
sulphonyl, aryl, aryloxy, heterocyclyl, heterocyclyloxy,
heterocyclyl-(1-2C)alkyl, heteroaryl, heteroaryloxy,
heteroaryl-(1-2C)alkyl, C(O)NR°R/, NR°C(O)R/,
NR°S(0O),R” and S(O),NR°R/;

(30) R, is hydrogen, (1-6C)alkyl, (2-6C)alkenyl, (2-6C)
alkynyl, cyano, aryl, aryl(1-2C)alkyl, (3-6C)cy-
cloalkyl, heteroaryl or heterocyclyl, each of which is
optionally substituted by one or more substituent
groups independently selected from oxo, halo, hydroxy,
carboxy, NR°R/, (1-4C)alkoxy, (1-4C)alkyl, (3-8C)cy-
cloalkyl, (3-8C)cycloalkyl-(1-3C)alkyl, aryl, heterocy-
clyl, heterocyclyloxy, heterocyclyl-(1-2C)alkyl, het-
eroaryl, heteroaryloxy, heteroaryl-(1-2C)alkyl, C(O)
NR°R/, NR°C(O)R/, NR*S(0),R’ and S(O),NR°R/;

(31) R, is (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl,
cyano, aryl, aryl(1-2C)alkyl, (3-6C)cycloalkyl, het-
eroaryl or heterocyclyl, each of which is optionally
substituted by one or more substituent groups indepen-
dently selected from oxo, halo, hydroxy, carboxy,
NR°R/, (1-4C)alkoxy, (1-4C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(1-3C)alkyl, aryl, heterocyclyl, het-
erocyclyloxy, heterocyclyl-(1-2C)alkyl, heteroaryl,
heteroaryloxy, heteroaryl-(1-2C)alkyl, C(O)NR°R/,
NRC(O)R/, NR*S(O),R” and S(O),NR°R/;

(32) R, is hydrogen, (1-6C)alkyl, (2-4C)alkenyl, (2-4C)
alkynyl, cyano, aryl, aryl(1-2C)alkyl, (3-6C)cy-
cloalkyl, heteroaryl or heterocyclyl, each of which is
optionally substituted by one or more substituent
groups independently selected from oxo, halo, hydroxy,
carboxy, NR°R/; (1-4C)alkoxy, (1-4C)alkyl, (3-6C)cy-
cloalkyl, (3-6C)cycloalkyl-(1-3C)alkyl, aryl, heterocy-
clyl, heterocyclyloxy, heterocyclyl-(1-2C)alkyl, het-
eroaryl, heteroaryloxy and heteroaryl-(1-2C)alky];

(33) R, is (1-6C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl,
cyano, aryl, aryl(1-2C)alkyl, (3-6C)cycloalkyl, het-
eroaryl or heterocyclyl, each of which is optionally
substituted by one or more substituent groups indepen-
dently selected from oxo, halo, hydroxy, carboxy,
NR°R/, (1-4C)alkoxy, (1-4Calkyl, (3-6C)cycloalkyl,
(3-6C)cycloalkyl-(1-3C)alkyl, aryl, heterocyclyl, het-
erocyclyloxy, heterocyclyl-(1-2C)alkyl, heteroaryl,
heteroaryloxy and heteroaryl-(1-2C)alkyl;
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(34) R, is hydrogen, (1-6C)alkyl, (2-4C)alkenyl, (2-4C)
alkynyl, cyano, aryl, aryl(1-2C)alkyl, (3-6C)cy-
cloalkyl, heteroaryl or heterocyclyl, each of which is
optionally substituted by one or more substituent
groups independently selected from oxo, halo, hydroxy,
carboxy, NR°R/, (1-4C)alkoxy and (1-4C)alkyl;

(35) R, is (1-6C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl,
cyano, aryl, aryl(1-2C)alkyl, (3-6C)cycloalkyl, het-
eroaryl or heterocyclyl, each of which is optionally
substituted by one or more substituent groups indepen-
dently selected from oxo, halo, hydroxy, carboxy,
NReR/, (1-4C)alkoxy and (1-4C)alkyl;

(36) R, is hydrogen, (1-4C)alkyl, cyano, aryl, (3-6C)
cycloalkyl, heteroaryl or heterocyclyl, each of which is
optionally substituted by one or more substituent
groups independently selected from oxo, halo, hydroxy,
carboxy, NR°R/, (1-4C)alkoxy and (1-4C)alkyl;

(37) R, is (1-4C)alkyl, cyano, aryl, (3-6C)cycloalkyl,
heteroaryl or heterocyclyl, each of which is optionally
substituted by one or more substituent groups indepen-
dently selected from oxo, halo, hydroxy, carboxy,
NR°R/, (1-4C)alkoxy and (1-4C)alkyl;

(38) R, is hydrogen, (1-4C)alkyl or cyano;

(39) R, is (1-4C)alkyl or cyano;

(40) R, is hydrogen, methyl or cyano;

(41) R, is methyl or cyano;

(42) R, and R, are each independently selected from
hydrogen or (1-6C)alkyl;

(43) R, and R, are each independently selected from
hydrogen or (1-4C)alkyl;

(44) R, and R, are each independently selected from
hydrogen, methyl or ethyl;

(45) R, and R, are linked such that, together with the
nitrogen atom to which they are attached, they form a
heterocyclic ring which is optionally substituted by
oxo, halo, cyano, nitro, hydroxy, carboxy, NR'R/,
(1-4C)alkoxy, (1-4C)alkyl, (3-8C)cycloalkyl, (3-8C)
cycloalkyl-(1-3C)alkyl, (1-4C)alkanoyl, (1-4C)alkyl-
sulphonyl, C(O)NR'R/, NR'C(O)R/, NR'S(0),R’ and
S(0),NR'F/;

(46) R, and R_ are linked such that, together with the
nitrogen atom to which they are attached, they form a
5-6 membered heterocyclic ring which is optionally
substituted by oxo, halo, hydroxy, carboxy, NR'R/,
(1-4C)alkoxy, (1-4C)alkyl, (3-8C)cycloalkyl;

(47) R® and R/ are each independently selected from
hydrogen, (1-4C)alkyl or (3-6C)cycloalkyl or (3-6C)
cycloalkyl(1-2C)alkyl;

(48) R® and R/ are each independently selected from
hydrogen or (1-4C)alkyl;

(49) R® and R/ are linked such that, together with the
nitrogen atom to which they are attached, they form a
heterocyclic ring which is optionally substituted by
oxo, halo, cyano, nitro, hydroxy, carboxy, NRER”,
(1-4C)alkoxy, (1-4C)alkyl, (3-8C)cycloalkyl, (3-8C)
cycloalkyl-(1-3C)alkyl, (1-4C)alkanoyl, (1-4C)alkyl-
sulphonyl, C(O)NR2R”, NREC(O)R”, NRES(0),R" and
S(0O),NReR”;

(50) R® and R/ are linked such that, together with the
nitrogen atom to which they are attached, they form a
5-6 membered heterocyclic ring which is optionally
substituted by oxo, halo, hydroxy, carboxy, NRSR”,
(1-4C)alkoxy, (1-4C)alkyl, (3-8C)cycloalkyl;

(51) R# and R” are each independently selected from
hydrogen, (1-4C)alkyl, (3-6C)cycloalkyl or (3-6C)cy-
cloalkyl(1-2C)alkyl;
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(52) R® and R” are each independently selected from
hydrogen or (1-4C)alkyl;

(53) R’ and R/ are each independently selected from
hydrogen, (1-4C)alkyl, (3-6C)cycloalkyl or (3-6C)cy-
cloalkyl(1-2C)alkyl;

(54) R’ and R/ are each independently selected from
hydrogen or (1-4C)alkyl;

(55) R, is selected from methyl, OR? or NR*R’;

(56) R, is selected from methyl or NR*R%

(57) R, is selected from OR? or NR*R%;

(58) R, is NR*R’;

(59) In any one of paragraphs (56) to (58) above, R* and
R’ are each independently selected from hydrogen,
(1-6C)alkyl, (3-10C)cycloalkyl, (3-100C)cycloalkyl(1-
2C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, aryl, aryl(1-
2C)alkyl, heteroaryl, heteroaryl(1-2C)alkyl, S(O)R®,
S(O),R? or a sugar or amino acid residue;

(60) In any one of paragraphs (56) to (58) above, R* and
R’ are each independently selected from hydrogen,
(1-6C)alkyl, (3-10C)cycloalkyl, (3-10C)cycloalkyl(1-
2C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, aryl, aryl(1-
2C)alkyl, heteroaryl, heteroaryl(1-2C)alkyl S(O)R?®,
S(0),R";

(61) In any one of paragraphs (56) to (58) above, R* and
R’ are each independently selected from hydrogen,
(1-4C)alkyl, (5-10C)cycloalkyl, (5-10C)cycloalkyl(1-
2C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl, phenyl, phe-
nyl(1-2C)alkyl, 5-6 membered heteroaryl (e.g. pyridyl,
imidazolyl, thiazolyl, thiadiazolyl or furanyl), 5-6
membered heteroaryl(1-2C)alkyl, S(O)R?, S(O),R%;

(62) In any one of paragraphs (56) to (58) above, R* and
R’ are each independently selected from hydrogen,
(1-4C)alkyl, (5-10C)cycloalkyl, (2-4C)alkenyl, (2-4C)
alkynyl, phenyl, phenyl(1-2C)alkyl or 5-6 membered
heteroaryl (e.g. pyridyl, imidazolyl, thiazolyl, thiadiaz-
olyl or furanyl);

(63) In any one of paragraphs (56) to (58) above, R* and
R’ are each independently selected from hydrogen,
(1-4C)alkyl, (5-10C)cycloalkyl, (2-4C)alkenyl, (2-4C)
alkynyl, aryl or aryl(1-2C)alkyl;

(64) In any one of paragraphs (56) to (58) above, R* and
R’ are each independently selected from hydrogen,
(1-4C)alkyl, (6-10C)cycloalkyl, (2-4C)alkynyl, phenyl,
6 membered heteroaryl or aryl(1-2C)alkyl;

(65) In any one of paragraphs (56) to (58) above, R* and
R’ are each independently selected from hydrogen,
(1-4C)alkyl, (6-10C)cycloalkyl, (2-4C)alkynyl, phenyl
or aryl(1-2C)alkyl;

(66) In any one of paragraphs (56) to (58) above, R* and
R’ are each independently selected from hydrogen,
(1-4C)alkyl, cyclohexyl, adamantyl, (2-4C)alkynyl,
phenyl, pyridinyl or aryl(1-2C)alkyl;

(67) In any one of paragraphs (56) to (58) above, R* and
R’ are each independently selected from hydrogen,
(1-4C)alkyl, cyclohexyl, adamantyl, (2-4C)alkynyl,
phenyl or aryl(1-2C)alkyl;

(68) R? and R? are independently selected from hydrogen,
(1-6C)alkyl, (3-10C)cycloalkyl, (2-6C)alkenyl, (2-6C)
alkynyl, aryl or heteroaryl;

(69) R? and R? are independently selected from hydrogen,
(1-6C)alkyl or (3-10C)cycloalkyl;

(70) R? and R7 are independently selected from hydrogen
or (1-6C)alkyl;

(71) R? is (1-4C)alkyl,

(72) RY is selected from hydrogen or (1-4C)alkyl;

(73) R, and Ry are each independently aryl or heteroaryl
ring, each of which is optionally substituted by halo,
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cyano, nitro, hydroxy, carboxy, NR”R”, (1-2C)alkoxy,
(1-4C)alkyl, (1-4C)haloalkyl, (3-4C)cycloalkyl, (3-4C)
cycloalkyl-(1-2C)alkyl, aryl, aryl(1-2C)alkyl, (1-2C)
alkanoyl, (1-2C)alkylsulphonyl, SR™, SOR™, C(O)N-
R™R”, NR™C(O)R”, NR™S(O)R” and S(O),NR™R”;

(74) R, and Ry are each independently phenyl or 5-6
membered heteroaryl ring, each of which is optionally
substituted by halo, cyano, nitro, hydroxy, carboxy,
NR™R”, (1-2C)alkoxy, (1-4C)alkyl, (1-4C)haloalkyl,
(3-4C)cycloalkyl, (3-4C)cycloalkyl-(1-2C)alkyl, aryl,
aryl(1-2C)alkyl, (1-2C)alkanoyl, (1-2C)alkylsulpho-
nyl, SR™, SOR™, C(O)NR"R”, NR™C(O)R”, NR™S(0O)
R” and S(O),NR™R";

(75) R, and Ry are each independently phenyl or 5-6
membered heteroaryl ring (e.g. pyridyl, furanyl, thio-
phenyl or imidazolyl), each of which is optionally
substituted by halo, hydroxy, carboxy, NR™R”, (1-2C)
alkoxy, phenyl, phenyl(1-2C)alkyl (1-4C)alkyl or
(1-4C)haloalkyl;

(76) R, and R are each phenyl, each of which is option-
ally substituted by halo, hydroxy, carboxy, NR™R”,
(1-2C)alkoxy or (1-2C)alkyl;

(77) R, and Ry are each phenyl or para-tolyl;

(78) R, and Ry are each phenyl;

(79) R, and R are linked to one another by a bond, an
alkylene linker optionally comprising one or more
heteroatoms, or a fused cycloalkyl, aryl, heteroaryl or
heterocyclic ring;

(80) R™ and R” are each independently selected from
hydrogen, (1-2C)alkyl (81) R™ and R” are each inde-
pendently selected from hydrogen or methyl;

(82) R° is selected from (1-4C)alkyl, (2-4C)alkenyl,
(2-4C)alkynyl or an aryl or heteroaryl group optionally
substituted with one or more substituents selected from
halo, OH, (1-4C)alkyl, (1-4C)hydroxyalkyl, (2-4C)alk-
enyl and (2-4C)alkynyl;

(83) R” is selected from (1-4C)alkyl, or an aryl or het-
eroaryl group (e.g. furanyl) optionally substituted with
one or more substituents selected from halo, OH,
(1-4C)alkyl, (1-4C)hydroxyalkyl, (2-4C)alkenyl and
(2-4C)alkynyl;

(84) R” is selected from (1-4C)alkyl, or an aryl or 5-6
membered heteroaryl group optionally substituted with
one or more substituents selected from halo, (1-4C)
alkyl, (1-4C)hydroxyalkyl, (2-4C)alkenyl and (2-4C)
alkynyl.

Suitably, a heteroaryl or heterocyclyl group as defined
herein is a monocyclic heteroaryl or heterocyclyl group
comprising one, two or three heteroatoms selected from N,
OorS.

Suitably, a heteroaryl is a 5- or 6-membered heteroaryl
ring comprising one, two or three heteroatoms selected from
N, OorS.

Suitably, a heterocyclyl group is a 4-, 5- or 6-membered
heterocyclyl ring comprising one, two or three heteroatoms
selected from N, O or S. Most suitably, a heterocyclyl group
is a 5-, 6- or 7-membered ring comprising one, two or three
heteroatoms selected from N, O or S [e.g. morpholinyl (e.g.
4-morpholinyl), pyridinyl, piperazinyl, homopiperazinyl or
pyrrolidinonyl].

Suitably an aryl group is phenyl.

In one embodiment, the compound has a structure accord-
ing to formula (I), wherein

Q is NR,, wherein R, is H or (1-4C)alkyl;

R, and R; are as defined in any of numbered paragraphs
(75) to (79) above; and
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R, R, L' X', X, R, R,. R, R, R*, R, R, R", R", R/,
R,, R% R’ R™, R*, R?, R? and R° have any of the
definitions appearing in numbered paragraphs (2) to
(84) above.
In another embodiment, the compound has a structure
according to formula (I), wherein
Q is NR,,, wherein R, is H or (1-4C)alkyl;
R, and R, are as defined in any of numbered paragraphs
(75) to (79) above;
R, is as defined in any of numbered paragraphs (10) to
(14) above; and
R,, L' X', X, R, R,, R, R, R*, R R&, R", R, R/, R,
R* R, R™, R”, R?, R? and R have any of the definitions
appearing in numbered paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (I), wherein Q is NR ,, wherein R, is H
or (1-4C)alkyl;
R, and R are as defined in any of numbered paragraphs
(74) to (78) above;
R, is as defined in any of numbered paragraphs (7) to (14)
above;
R, is as defined in numbered paragraph (16) above; and
L', X', X, R, R,, R, R, R% R/, R&, R”, R!, R, R,, R,
R’ R™, R”, R?, R? and R® have any of the definitions
appearing in numbered paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (I), wherein
Q is NR,,, wherein R, is H or (1-4C)alkyl;
R, and R, are as defined in any of numbered paragraphs
(75) to (79) above;
R, is as defined in any of numbered paragraphs (7) to (14)
above;
R, is as defined in numbered paragraph (16) above;
L' is as defined in either of numbered paragraphs (19) or
(20) above;
X! is as defined in either of numbered paragraphs (21) or
(26) above; and
X, R, R,, R_, R% R/, R R* R', R/, R,, R¥, R, R™, R”,
R?, R? and R have any of the definitions appearing in
numbered paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (I), wherein
Q is NR,,, wherein R, is H or (1-4C)alkyl;
R, and R are as defined in any of numbered paragraphs
(75) to (79) above;
R, is as defined in any of numbered paragraphs (7) to (14)
above;
R, is as defined in numbered paragraph (16) above;
L' is as defined in either of numbered paragraphs (19) or
(20) above;
X! is as defined in either of numbered paragraphs (21) or
(24) above;
R, is as defined in any of numbered paragraphs (34) to
(41) above;
R, is as defined in any of numbered paragraphs (42) to
(43) above;
or R, and R, are as defined in numbered paragraph (46)
above; and
X, R, R% R/, R&, R", R,, R®, R/, R, R”, R?, R? and R®
have any of the definitions appearing in numbered
paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (I), wherein
Q is NR,,, wherein R, is H or (1-4C)alkyl;
R, and R are as defined in any of numbered paragraphs
(75) to (79) above;



US 10,570,157 B2

15

R, is as defined in any of numbered paragraphs (7) to (14)
above;

R, is as defined in numbered paragraph (16) above;

L' is as defined in either of numbered paragraphs (19) or
(20) above;

X' is as defined in either of numbered paragraphs (23) or
(24) above;

R, is as defined in any of numbered paragraphs (34) to
(41) above;

R, is as defined in any of numbered paragraphs (42) to
(44) above;

or R, and R, are as defined in numbered paragraph (46)
above;

R and R are as defined in either of numbered paragraphs
(47) or (48) above;

R? is as defined in any of numbered paragraphs (55) to
(58) above;

R* and R’ are as defined in any of numbered paragraphs
(61) to (67) above;

R? and R7 are as defined in any one of numbered para-
graphs (68) to (72) above;

R’ and R/ are as defined in numbered paragraph (54)
above; and

X, R, R;, R”, R", R?, R? and R°® have any of the
definitions appearing in numbered paragraphs (2) to
(84) above.

In another embodiment, the compound has a structure

according to formula (I), wherein
2

Q is NR,, wherein R, is H or (1-4C)alkyl;

R, and R, are as defined in any of numbered paragraphs
(75) to (79) above;

R, is as defined in any of numbered paragraphs (8) to (14)
above;

R, is as defined in numbered paragraph (16) above;
2 paragrap.

L' is as defined in either of numbered paragraphs (19) or

paragrap

(20) above;

X' is as defined in either of numbered paragraphs (23) or
(24) above;

R, is as defined in any of numbered paragraphs (34) to
(41) above;

R, is as defined in any of numbered paragraphs (42) to
(44) above;

or R, and R, are as defined in numbered paragraph (46)
above;

R and R are as defined in either of numbered paragraphs

paragrap

(47) or (48) above;

R* and R’ are as defined in any of numbered paragraphs
(61) to (67) above;

R’ and R/ are as defined in numbered paragraph (54)
above; and

X, R, R;, R”, R", R?, R? and R°® have any of the
definitions appearing in numbered paragraphs (2) to
(84) above.

In another embodiment, the compound has a structure

according to formula (I), wherein
2

Q is NR, wherein R, is H or (1-4C)alkyl;

R, and R; are as defined in any of numbered paragraphs
(75) to (79) above;

R, is as defined in any of numbered paragraphs (8) to (18)
above;

R, is as defined in numbered paragraph (16) above;
2 paragrap.

L' is as defined in either of numbered paragraphs (19) or

paragrap

(20) above;

X' is as defined in either of numbered paragraphs (23) or
(24) above;

R, is as defined in any of numbered paragraphs (34) to
(41) above;
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R, is as defined in any of numbered paragraphs (42) to
(44) above;
R° and R” are as defined in either of numbered paragraphs
(47) or (48) above;
R? is as defined in any of numbered paragraphs (55) to
(58) above;
R* and R’ are as defined in any of numbered paragraphs
(61) to (67) above;
R? and RY are as defined in any one of numbered para-
graphs (68) to (72) above; and
X, R,, R;, R R”, R and R? have any of the definitions
appearing in numbered paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (I), wherein
Q is NR,,, wherein R, is H or (1-4C)alkyl;
R, and R, are as defined in any of numbered paragraphs
(75) to (79) above;
R, is as defined in any of numbered paragraphs (9) to (14)
above;
R, is as defined in numbered paragraph (16) above;
L' is as defined in either of numbered paragraphs (19) or
(20) above;
X! is as defined in either of numbered paragraphs (23) or
(24) above;
R, is as defined in any of numbered paragraphs (34) to
(41) above;
R, is as defined in any of numbered paragraphs (42) to
(44) above;
R° and R” are as defined in either of numbered paragraphs
(47) or (48) above;
R* and R’ are as defined in any of numbered paragraphs
(61) to (67) above; and
X, R, R;, R”, R”, R? and R? have any of the definitions
appearing in numbered paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (I), wherein
Q is NR,,, wherein R, is H or (1-4C)alkyl;
R, and R are as defined in any of numbered paragraphs
(75) to (79) above;
R, is as defined in any of numbered paragraphs (8) to (14)
above;
R, is as defined in numbered paragraph (17) to (18) above;
R* and R’ are as defined in any of numbered paragraphs
(61) to (67) above; and
R;, R™, R”, R and R? have any of the definitions appear-
ing in numbered paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (I), wherein
Q is NR,,, wherein R, is H or (1-4C)alkyl;
R, and R, are as defined in any of numbered paragraphs
(75) to (79) above;
R, is as defined in any of numbered paragraphs (8) to (14)
above;
R, is as defined in any one of numbered paragraphs (17)
to (18) above;
R* and R’ are as defined in any of numbered paragraphs
(61) to (67) above;
R, is as defined in any one of numbered paragraph (54) to
(58) above;
R™, R” are as defined in any one of numbered paragraphs
(80) to (81) above; and
R? is as defined in numbered paragraph (71) above.



US 10,570,157 B2

17

In another embodiment, the compound has a structure
according to formula (la) shown below:

(Ia)

R3
R,
2 A O+ °
| L
~
Ry Q
Z
wherein

Q is NR,, wherein R, is H or (1-4C)alkyl;

Rings A and B are as defined for R, and Ry in any of
numbered paragraphs (73) to (78) above;

R™ and R” are as defined in either of numbered paragraphs
(80) or (81) above;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O; and

R, R,,R,, L', X" X,R,R,, R, R, R% R, RE R" R,
R/, R,, R, R, R?, R? and R® have any of the definitions
appearing in numbered paragraphs (2) to (84) above.

In another embodiment, the compound has a structure

according to formula (la), wherein

Q is NR,, wherein R, is H;

Rings A and B are as defined for R, and Ry in any of
numbered paragraphs (73) to (78) above;

R™ and R” are as defined in either of numbered paragraphs
(80) or (81) above;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (8) to (14)
above; and

R,, L' XY, X, R, R,, R, R, R% R, R&, R*, R, R/, R,
R*, R/, R?, R? and R° have any of the definitions
appearing in numbered paragraphs (2) to (84) above.

In another embodiment, the compound has a structure

according to formula (la), wherein

Q is NR,, wherein R, is H;

Rings A and B are as defined for R, and Ry in any of
numbered paragraphs (73) to (78) above;

R™ and R” are as defined in either of numbered paragraphs
(80) or (81) above;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (8) to (14)
above;

R, is as defined in numbered paragraph (16) above;

L' is as defined in either of numbered paragraphs (19) or
(20) above;

X! is as defined in either of numbered paragraphs (23) or
(24) above; and

X,R,R,,R_, R% R/, R& R" R, R/, R;, R", R’, R?, R? and
R° have any of the definitions appearing in numbered
paragraphs (2) to (84) above.
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In another embodiment, the compound has a structure

according to formula (Ia), wherein

Q is NR,, wherein R, is H;

Rings A and B are as defined for R, and Ry in any of
numbered paragraphs (73) to (78) above;

R™ and R” are as defined in either of numbered paragraphs
(80) or (81) above;

Z is absent, a bond, a group —(CH,),— wherenis 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (7) to (14)
above;

R, is as defined in numbered paragraph (16) above;

L' is as defined in either of numbered paragraphs (19) or
(20) above;

X! is as defined in either of numbered paragraphs (23) or
(24) above;

R, is as defined in any of numbered paragraphs (34) to
(41) above;

R, is as defined in any of numbered paragraphs (42) to
(44) above;

or R, and R, are as defined in numbered paragraph (46)
above; and

X, R, R R/, R& R” R,, R* R’, R?, R? and R° have any
of the definitions appearing in numbered paragraphs (2)
to (84) above.

In another embodiment, the compound has a structure

according to formula (Ia), wherein

Q is NR,, wherein R, is H;

Rings A and B are as defined for R, and Ry in any of
numbered paragraphs (73) to (78) above;

R™ and R” are as defined in either of numbered paragraphs
(80) or (81) above;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (8) to (14)
above;

R, is as defined in numbered paragraph (16) above;

L' is as defined in either of numbered paragraphs (19) or
(20) above;

X! is as defined in either of numbered paragraphs (21) or
(24) above;

R, is as defined in any of numbered paragraphs (34) to
(41) above;

R, is as defined in any of numbered paragraphs (42) to
(44) above;

or R, and R, are as defined in numbered paragraph (46)
above;

R and R/ are as defined in either of numbered paragraphs
(47) or (48) above;

R* and R’ are as defined in either of numbered paragraphs
(61) or (67) above;

R’ and R/ are as defined in numbered paragraph (54)
above;

R? is as defined in any of numbered paragraphs (82) to
(84) above; and

X, R, R?, R? and R; have any of the definitions appearing
in numbered paragraphs (2) to (84) above.

In another embodiment, the compound has a structure

according to formula (Ia), wherein

Q is NR,, wherein R, is H;

Rings A and B are as defined for R, and Ry in any of
numbered paragraphs (77) to (78) above;
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R™ and R” are as defined in either of numbered paragraphs
(80) or (81) above;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (7) to (14)
above;

R, is as defined in numbered paragraph (16) above;

L' is as defined in either of numbered paragraphs (19) or
(20) above;

X' is as defined in either of numbered paragraphs (23) or
(24) above;

R, is as defined in any of numbered paragraphs (34) to
(41) above;

R, is as defined in any of numbered paragraphs (42) to
(44) above;

or R, and R, are as defined in numbered paragraph (46)
above;

R® and R are as defined in either of numbered paragraphs
(47) or (48) above;

R* and R’ are as defined in either of numbered paragraphs
(61) or (67) above;

R’ and R/ are as defined in numbered paragraph (54)
above;

R? is as defined in any of numbered paragraphs (82) to
(84) above; and

X, R,, R?, R? and R; have any of the definitions appearing
in numbered paragraphs (2) to (84) above.

In another embodiment, the compound has a structure

according to formula (la), wherein

Q is NR,, wherein R, is H;

Rings A and B are as defined for R, and Rs in any of
numbered paragraphs (77) to (78) above;

R™ and R” are as defined in either of numbered paragraphs
(80) or (81) above;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (10) to
(14) above;

R, is as defined in any one of numbered paragraphs (17)
to (18) above;

R* and R’ are as defined in any of numbered paragraphs
(61) to (67) above;

R, is as defined in any one of numbered paragraph (54) to
(58) above;

R™, R” are as defined in any one of numbered paragraphs
(80) to (81) above; and

R? is as defined in numbered paragraph (71) above.

In another embodiment, the compound has a structure

according to formula (Ib) shown below:

(Ib)

R;
R, | N
B- /
Ry Q” N\
e 7
\Y
n[Ry]/\ /
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wherein

Q is NR,,, wherein R, is H or (1-4C)alkyl;

each R, is independently halo, (1-4C)alkyl, (1-4C)ha-
loalkyl, phenyl or (1-2C)alkoxy;

nis 0,1 or 2;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O; and

R, R,,R, L', X' X,R,R,, R, R, R® R/, RE, R", R,
R/, R,, R, R, R?, R? and R® have any of the definitions
appearing in numbered paragraphs (2) to (84) above.

In another embodiment, the compound has a structure

according to formula (Ib), wherein

Q is NR,, wherein R, is H;

each R, is independently halo, (1-4C)alkyl, (1-4C)ha-
loalkyl, phenyl or (1-2C)alkoxy;

nis 0,1 or 2;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (7) to (13)
above; and

R,, LY, X', X, R, R,, R, R, R, R/, R&, R”, R!, K/, R,
R*, R/, R?, R? and R° have any of the definitions
appearing in numbered paragraphs (2) to (84) above.

In another embodiment, the compound has a structure

according to formula (Ib), wherein

Q is NR,, wherein R, is H;

each R, is independently halo, (1-4C)alkyl, (1-4C)ha-
loalkyl, phenyl or (1-2C)alkoxy;

nis 0,1 or 2;

Z is absent, a bond, a group —(CH,),— wherenis 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (7) to (14)
above;

R, is as defined in numbered paragraph (16) above;

L' is as defined in either of numbered paragraphs (19) or
(20) above;

X! is as defined in either of numbered paragraphs (23) or
(24) above; and

X, R, R,, R R, R, RE R R, R, R,, R, R/, R?, R? and
R° have any of the definitions appearing in numbered
paragraphs (2) to (84) above.

In another embodiment, the compound has a structure

according to formula (Ib), wherein

Q is NR,, wherein R, is H;

each R, is independently halo, (1-4C)alkyl, (1-4C)ha-
loalkyl, phenyl or (1-2C)alkoxy;

nis 0,1 or 2;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (8) to (14)
above;

R, is as defined in numbered paragraph (16) above;

L' is as defined in either of numbered paragraphs (19) or
(20) above;

X! is as defined in either of numbered paragraphs (23) or
(24) above;

R, is as defined in any of numbered paragraphs (34) to
(41) above;
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R, is as defined in any of numbered paragraphs (42) to
(44) above;

or R, and R, are as defined in numbered paragraph (46)
above; and

X, R, R% R/, R& R” R,, R%, R, R?, R? and R® have any
of'the definitions appearing in numbered paragraphs (2)
to (84) above.

In another embodiment, the compound has a structure

according to formula (Ib), wherein

Q is NR,, wherein R, is H;

each R, is independently halo, (1-4C)alkyl, (1-4C)ha-
loalkyl, phenyl or (1-2C)alkoxy;

nis 0, 1 or 2;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (8) to (14)
above;

R, is as defined in numbered paragraph (16) above;

L' is as defined in either of numbered paragraphs (19) or
(20) above;

X! is as defined in either of numbered paragraphs (23) or
(24) above;

R, is as defined in any of numbered paragraphs (34) to
(41) above;

R, is as defined in any of numbered paragraphs (42) to
(44) above;

or R, and R, are as defined in numbered paragraph (46)
above;

R® and R are as defined in either of numbered paragraphs
(47) or (48) above;

R* and R’ are as defined in either of numbered paragraphs
(61) or (67) above;

R’ and R/ are as defined in numbered paragraph (54)
above;

R? is as defined in any of numbered paragraphs (82) to
(84) above; and

X, R,, R?, R? and R; have any of the definitions appearing
in numbered paragraphs (2) to (84) above.

In another embodiment, the compound has a structure

according to formula (Ib), wherein

Q is NR,, wherein R, is H;

each R, is independently halo, (1-4C)alkyl, (1-4C)ha-
loalkyl, phenyl or (1-2C)alkoxy;

nis 0, 1 or 2;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (6) to (14)
above;

R, is as defined in numbered paragraphs (14) above;

L' is as defined in either of numbered paragraphs (19) or
(20) above;

X! is as defined in either of numbered paragraphs (23) or
(24) above;

R, is as defined in any of numbered paragraphs (34) to
(41) above;

R, is as defined in any of numbered paragraphs (42) to
(44) above;

or R, and R, are as defined in numbered paragraph (44)
above;

R® and R are as defined in either of numbered paragraphs
(47) or (48) above;

R* and R’ are as defined in either of numbered paragraphs
(61) or (67) above;
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R’ and R/ are as defined in numbered paragraph (54)
above;

R? is as defined in any of numbered paragraphs (82) to
(84) above; and

X, R,, R, R and R; have any of the definitions appearing
in numbered paragraphs (2) to (84) above.

In another embodiment, the compound has a structure

according to formula (Ib), wherein

Q is NR,, wherein R, is H;

each R, is independently halo, (1-4C)alkyl, (1-4C)ha-
loalkyl, phenyl or (1-2C)alkoxy;

nis 0,1 or 2;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (8) to (14)
above;

R, is as defined in numbered paragraphs (16) above;

L' is as defined in either of numbered paragraphs (19) or
(20) above;

X! is as defined in either of numbered paragraphs (23) or
(24) above;

R, is as defined in any of numbered paragraphs (34) to
(41) above;

R, is as defined in any of numbered paragraphs (42) to
(44) above;

or R, and R, are as defined in numbered paragraph (46)
above;

R and R/ are as defined in either of numbered paragraphs
(47) or (48) above;

R* and R’ are as defined in either of numbered paragraphs
(61) or (67) above;

R’ and R/ are as defined in numbered paragraph (54)
above;

R? is as defined in paragraph (84) above; and

X, R,, R?, R? and R; have any of the definitions appearing
in numbered paragraphs (2) to (84) above.

In another embodiment, the compound has a structure

according to formula (Ib), wherein

Q is NR,, wherein R, is H;

each R, is independently halo, (1-4C)alkyl, (1-4C)ha-
loalkyl, phenyl or (1-2C)alkoxy;

nis 0,1 or 2;

Z is absent, a bond, a group —(CH,),— wherenis 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O;

R, is as defined in any of numbered paragraphs (10) to
(14) above;

R, is as defined in any one of numbered paragraphs (17)
to (18) above;

R* and R’ are as defined in any of numbered paragraphs
(61) to (67) above;

R, is as defined in any one of numbered paragraph (54) to
(58) above;

R™, R” are as defined in any one of numbered paragraphs
(80) to (81) above; and

R? is as defined in numbered paragraph (71) above.

In another embodiment, the compound has a structure

according to formula (Ic) shown below:
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(o)
R3

Ry | \ O+

|

B
Ry Q/

wherein

Q is NR,, wherein R, is H or (1-4C)alkyl; and
R, R,,R,, LY X", X, R, R,, R, R, R%, R/, R&, R* R,
R/, R,, RY, R’ and R° have any of the definitions
appearing in numbered paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (Ic), wherein
Q is NR,, wherein R, is H or (1-4C)alkyl;
R, is as defined in any of numbered paragraphs (8) to (14)
above; and
Q,R,, R,, L', X', X, R, R,, R, R, R® R/, R&, R*, R,
R/, R;, R¥, R’, R?, R7 and R® have any of the definitions
appearing in numbered paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (Ic), wherein
Q is NR,, wherein R, is H;
R, is as defined in any of numbered paragraphs (8) to (14)
above; and
R,, L', X', X,R,R,, R, R, R% R/, R, R*, R', R/, R,
R* R’, R?, R? and R® have any of the definitions
appearing in numbered paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (Ic), wherein
Q is NR,, wherein R, is H;
R, is as defined in any of numbered paragraphs (8) to (14)
above;
R, is as defined in numbered paragraph (16) above; and
L', X', X,R,R,, R, R, R% R/, RE, R*, R, R/, R,, R,
R’, R?, R? and R® have any of the definitions appearing
in numbered paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (Ic), wherein
Q is NR,, wherein R, is H;
R, is as defined in any of numbered paragraphs (8) to (14)
above;
R, is as defined in numbered paragraph (16) above;
L' is as defined in either of numbered paragraphs (19) or
(20) above;
X' is as defined in either of numbered paragraphs (23) or
(24) above; and
X,R,R,,R_, R% R/, R& R" R, R/, R;, R", R’, R?, R? and
R° have any of the definitions appearing in numbered
paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (Ic), wherein
Q is NR,, wherein R, is H;
R, is as defined in any of numbered paragraphs (8) to (14)
above;
R, is as defined in numbered paragraphs (16) above;
L' is as defined in either of numbered paragraphs (19) or
(20) above;
X! is as defined in either of numbered paragraphs (23) or
(24) above;
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R, is as defined in any of numbered paragraphs (34) to
(41) above;
R, is as defined in any of numbered paragraphs (42) to
(44) above;
or R, and R, are as defined in numbered paragraph (46)
above; and
X, R, R?, R/, RE, R*, R,, R%, RY, R?, R? and R° have any
of the definitions appearing in numbered paragraphs (2)
to (84) above.
In another embodiment, the compound has a structure
according to formula (Ic), wherein
Q is NR,, wherein R, is H;
R, is as defined in any of numbered paragraphs (8) to (14)
above
R, is as defined in numbered paragraph (16) above;
L' is as defined in either of numbered paragraphs (19) or
(20) above;
X! is as defined in either of numbered paragraphs (23) or
(24) above;
R, is as defined in any of numbered paragraphs (34) to
(41) above;
R, is as defined in any of numbered paragraphs (42) to
(44) above;
or R, and R, are as defined in numbered paragraph (46)
above;
R° and R” are as defined in either of numbered paragraphs
(47) or (48) above;
R* and R’ are as defined in either of numbered paragraphs
(61) or (67) above;
R? is as defined in any of numbered paragraphs (82) to
(84) above; and
X, R, R?, R? and R;, have any of the definitions appear-
ing in numbered paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (Ic), wherein
Q is NR,, wherein R, is H;
R, is as defined in any of numbered paragraphs (8) to (14)
above
R, is as defined in numbered paragraph (16) above;
L' is as defined in either of numbered paragraphs (19) or
(20) above;
X! is as defined in either of numbered paragraphs (23) or
(24) above;
R, is as defined in any of numbered paragraphs (34) to
(41) above;
R, is as defined in any of numbered paragraphs (42) to
(44) above;
or R, and R, are as defined in numbered paragraph (46)
above;
R and R/ are as defined in either of numbered paragraphs
(47) or (48) above;
R* and R’ are as defined in either of numbered paragraphs
(61) or (67) above;
R? is as defined in paragraph (84) above; and
X, R,, R, R and R; have any of the definitions appearing
in numbered paragraphs (2) to (84) above.
In another embodiment, the compound has a structure
according to formula (Ic), wherein
Q is NR,, wherein R, is H;
R, is as defined in any of numbered paragraphs (7) to (14)
above
R, is as defined in numbered paragraph (16) above;
L' is as defined in numbered paragraph (20) above;
X! is as defined in either of numbered paragraph (24)
above;
R, is as defined in any of numbered paragraphs (36) to
(41) above;
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R, is as defined in any of numbered paragraphs (43) to
(44) above;

or R, and R, are as defined in numbered paragraph (45)
above;

R® and R are as defined in either of numbered paragraphs
(47) or (48) above;

R* and R’ are as defined in either of numbered paragraphs
(65) or (67) above;

R? is as defined in paragraph (84) above; and

X, R,, R?, R? and R; have any of the definitions appearing
in numbered paragraphs (2) to (84) above.

In a particularly suitable embodiment, the compound has
a structure according to formula (Ic), wherein

Q is NR,, wherein R, is H;

R, is as defined in numbered paragraph (14) above
R, is as defined in numbered paragraph (15) above;
L' is as defined in numbered paragraph (20) above;
X! is as defined in numbered paragraph (24) above;
R, is as defined in numbered paragraph (41) above;
R, is as defined in numbered paragraph (44) above;

or R, and R, are as defined in numbered paragraph (46)
above;

R® and R/ are as defined in numbered paragraph (48)
above;

R* and R’ are as defined in numbered paragraph (67)
above;

X, R, R?,R? and R; have any of the definitions appearing
in numbered paragraphs (2) to (84) above.

In a particularly suitable embodiment, the compound has
a structure according to formula (Ic), wherein

Q is NR,, wherein R, is H;
R, is as defined in numbered paragraph (14) above;
R, is as defined in numbered paragraph (18) above;

R* and R’ are as defined in numbered paragraph (67)
above;

R, is as defined in numbered paragraph (58) above;

R™, R” are as defined in numbered paragraph (81) above;
and

R? is as defined in numbered paragraph (71) above.

In another embodiment, the compound has a structure
according to formula (Id) shown below:

d)

R;

wherein Q, Z, R, n, R, or R; as defined hereinbefore and R*
is H or CL

In an embodiment, the compound has a structure accord-
ing to formula (Id) wherein R, is H, C(O)OMe, C(O)OEFEt,
C(O)Me, C(O)NH, or C(O)NMe,.
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In another embodiment, the compound has a structure
according to formula (Ie) shown below:

(Ie)

R;
Ry N R
L /
RZ
~ e N
Cl, |

=\
[

Ryl

wherein R%, R*, R, n, R, or R; as as defined hereinbefore.
In an embodiment, the compound has a structure accord-
ing to formula (Ie) wherein R, is H, C(O)OMe, C(O)OEt,
C(O)Me, C(O)NH, or C(O)NMe,.
In another embodiment, the compound has a structure
according to formula (If) shown below:

aIn
NRFR!
R
2 | \(|)+ o /[Ry]n
RZ B- /
N\
Cly |

F

=\
[

Ryl

wherein R”, R, R, n, R,, L', X, X, R* and R’ each have
any one for the definitions set out hereinbefore.

In an embodiment, the compound has a structure accord-
ing to formula (If) wherein R, is H, C(O)OMe, C(O)OEFEt,
C(O)Me, C(O)NH, or C(O)NMe,.

Particular compounds of the present invention include any
one of the compounds exemplified in the present applica-
tion, or a pharmaceutically acceptable salt or solvate thereof,
and, in particular, any one of the following:

EtO

CLO
O

Me

Me
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-continued

Me X0

|
B

ClsC Nl
i i

O Me
Me;,N \(l)+
| _
Che g/ 1
|
0 HN
Me;N X0

|1
B
ChC N~
i S\.
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-continued

Jus)

|
B

ClLC N~
" S\.
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29
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to—m
\ \
ZT
%
O
[
=
=
fo—m
\ \
Z
A
)
[
=

15

20

/e

NC

CLe

Me

25

30

LN
cLe

35

Me

40

Bu

Me

45

Me

HCLC

50

55

Me

Me

Me

60
65

*o—m

O'Bu
x
7~

ZT

[0}
S
Me)

Me



US 10,570,157 B2
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0 NH,
Me | x (|)+
B- Me
ClsC N~

More particular compounds of the present invention
include any one of the compounds exemplified in the present
application, or a pharmaceutically acceptable salt or solvate
thereof, and, in particular, any one of the following:

ClsC N~ _ﬁ<::j>
H

-
"
Me

H,N |

|-
ClLC N7
H i

A particular compound is the following, or a pharmaceu-
tically acceptable salt or solvate thereof:

10

32
0 NI,
Me X (|)+
|1
ClsC E/B

The various functional groups and substituents making up
the compounds of the present invention are typically chosen
such that the molecular weight of the compound does not

5 exceed 1000. More usually, the molecular weight of the
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compound will be less than 750, for example less than 700,
or less than 650, or less than 600, or less than 550. More
preferably, the molecular weight is less than 525 and, for
example, is 500 or less.

Suitable or preferred features of any compounds of the
present invention may also be suitable features of any other
aspect.

A suitable pharmaceutically acceptable salt of a com-
pound of the invention is, for example, an acid-addition salt
of' a compound of the invention which is sufficiently basic,
for example, an acid-addition salt with, for example, an
inorganic or organic acid, for example hydrochloric, hydro-
bromic, sulfuric, phosphoric, trifluoroacetic, formic, citric or
maleic acid. In addition a suitable pharmaceutically accept-
able salt of a compound of the invention which is sufficiently
acidic is an alkali metal salt, for example a sodium or
potassium salt, an alkaline earth metal salt, for example a
calcium or magnesium salt, an ammonium salt or a salt with
an organic base which affords a physiologically-acceptable
cation, for example a salt with methylamine, dimethylamine,
trimethylamine, piperidine, morpholine or tris-(2-hydroxy-
ethyl)amine.

Compounds that have the same molecular formula but
differ in the nature or sequence of bonding of their atoms or
the arrangement of their atoms in space are termed “iso-
mers”. Isomers that differ in the arrangement of their atoms
in space are termed “stereoisomers”. Stereoisomers that are
not mirror images of one another are termed “diastereomers”
and those that are non-superimposable mirror images of
each other are termed “enantiomers”. When a compound has
an asymmetric center, for example, it is bonded to four
different groups, a pair of enantiomers is possible. An
enantiomer can be characterized by the absolute configura-
tion of its asymmetric center and is described by the R- and
S-sequencing rules of Cahn and Prelog, or by the manner in
which the molecule rotates the plane of polarized light and
designated as dextrorotatory or levorotatory (i.e., as (+) or
(-)-isomers respectively). A chiral compound can exist as
either individual enantiomer or as a mixture thereof. A
mixture containing equal proportions of the enantiomers is
called a “racemic mixture”.

The compounds of this invention may possess one or
more asymmetric centers; such compounds can therefore be
produced as individual (R)- or (S)-stereoisomers or as
mixtures thereof. Unless indicated otherwise, the description
or naming of a particular compound in the specification and
claims is intended to include both individual enantiomers
and mixtures, racemic or otherwise, thereof. The methods
for the determination of stereochemistry and the separation
of stereoisomers are well-known in the art (see discussion in
Chapter 4 of “Advanced Organic Chemistry”, 4th edition J.
March, John Wiley and Sons, New York, 2001), for example
by synthesis from optically active starting materials or by
resolution of a racemic form. Some of the compounds of the
invention may have geometric isomeric centres (E- and
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Z-isomers). It is to be understood that the present invention
encompasses all optical, diastereoisomers and geometric
isomers and mixtures thereof that possess inflammasome
inhibitory activity.

The present invention also encompasses compounds of
the invention as defined herein which comprise one or more
isotopic substitutions. For example, H may be in any iso-
topic form, including 'H, *H(D), and *H (T); C may be in
any isotopic form, including **C, '3C, and **C; and O may
be in any isotopic form, including *°0 and **O; and the like.

It is also to be understood that certain compounds of the
invention may exist in solvated as well as unsolvated forms
such as, for example, hydrated forms. It is to be understood
that the invention encompasses all such solvated forms that
possess inflammasome inhibitory activity.

It is also to be understood that certain compounds of the
invention may exhibit polymorphism, and that the invention
encompasses all such forms that possess inflammasome
inhibitory activity.

Compounds of the invention may exist in a number of
different tautomeric forms and references to compounds of
the invention include all such forms. For the avoidance of
doubt, where a compound can exist in one of several
tautomeric forms, and only one is specifically described or
shown, all others are nevertheless embraced by compounds
of the invention. Examples of tautomeric forms include
keto-, enol-, and enolate-forms, as in, for example, the
following tautomeric pairs: keto/enol (illustrated below),
imine/enamine, amide/imino alcohol, amidine/amidine,
nitroso/oxime, thioketone/enethiol, and nitro/aci-nitro.

H 0 OH o
—é—c// . \c=c/ H' \c=c/
| N\~ / N\ T® / \
keto enol enolate

Compounds of the invention containing an amine func-
tion may also form N-oxides. A reference herein to a
compound of the formula I that contains an amine function
also includes the N-oxide. Where a compound contains
several amine functions, one or more than one nitrogen atom
may be oxidised to form an N-oxide. Particular examples of
N-oxides are the N-oxides of a tertiary amine or a nitrogen
atom of a nitrogen-containing heterocycle. N-Oxides can be
formed by treatment of the corresponding amine with an
oxidizing agent such as hydrogen peroxide or a per-acid (e.g.
a peroxycarboxylic acid), see for example Advanced
Organic Chemistry, by Jerry March, 4% Edition, Wiley
Interscience, pages. More particularly, N-oxides can be
made by the procedure of L. W. Deady (Syn. Comm. 1977,
7, 509-514) in which the amine compound is reacted with
m-chloroperoxybenzoic acid (MCPBA), for example, in an
inert solvent such as dichloromethane.

The compounds of the invention may be administered in
the form of a pro-drug which is broken down in the human
or animal body to release a compound of the invention. A
pro-drug may be used to alter the physical properties and/or
the pharmacokinetic properties of a compound of the inven-
tion. A pro-drug can be formed when the compound of the
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invention contains a suitable group or substituent to which

a property-modifying group can be attached. Examples of

pro-drugs include in vivo cleavable ester derivatives that

may be formed at a carboxy group or a hydroxy group in a

compound of the invention and in-vivo cleavable amide

derivatives that may be formed at a carboxy group or an
amino group in a compound of the invention.

Accordingly, the present invention includes those com-
pounds of the formula I as defined hereinbefore when made
available by organic synthesis and when made available
within the human or animal body by way of cleavage of a
pro-drug thereof. Accordingly, the present invention
includes those compounds of the formula I that are produced
by organic synthetic means and also such compounds that
are produced in the human or animal body by way of
metabolism of a precursor compound, that is a compound of
the formula [ may be a synthetically-produced compound or
a metabolically-produced compound.

A suitable pharmaceutically acceptable pro-drug of a
compound of the formula I is one that is based on reasonable
medical judgement as being suitable for administration to
the human or animal body without undesirable pharmaco-
logical activities and without undue toxicity.

Various forms of pro-drug have been described, for
example in the following documents:—

a) Methods in Enzymology, Vol. 42, p. 309-396, edited by K.
Widder, et al. (Academic Press, 1985);

b) Design of Pro-drugs, edited by H. Bundgaard, (Elsevier,
1985);

c) A Textbook of Drug Design and Development, edited by
Krogsgaard-Larsen and H. Bundgaard, Chapter 5 “Design
and Application of Pro-drugs”, by H. Bundgaard p. 113-
191 (1991);

d) H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38
(1992),

e) H. Bundgaard, et al., Journal of Pharmaceutical Sciences,
77, 285 (1988);

f) N. Kakeya, et al., Chem. Pharm. Bull., 32, 692 (1984);
g) T. Higuchi and V. Stella, “Pro-Drugs as Novel Delivery
Systems”, A.C.S. Symposium Series, Volume 14; and
h) E. Roche (editor), “Bioreversible Carriers in Drug

Design”, Pergamon Press, 1987.

A suitable pharmaceutically acceptable pro-drug of a
compound of the formula I that possesses a carboxy group
is, for example, an in vivo cleavable ester thereof. An in vivo
cleavable ester of a compound of the formula I containing a
carboxy group is, for example, a pharmaceutically accept-
able ester which is cleaved in the human or animal body to
produce the parent acid. Suitable pharmaceutically accept-
able esters for carboxy include C, salkyl esters such as
methyl, ethyl and tert-butyl, C,_salkoxymethyl esters such as
methoxymethyl esters, C,_salkanoyloxymethyl esters such
as pivaloyloxymethyl esters, 3-phthalidyl esters, C,; scy-
cloalkylcarbonyloxy-C, salkyl esters such as cyclopentyl-
carbonyloxymethyl and 1-cyclohexylcarbonyloxyethyl
esters, 2-0x0-1,3-dioxolenylmethyl esters such as 5-methyl-
2-0x0-1,3-dioxolen-4-ylmethyl esters and C,_salkoxycarbo-
nyloxy-C, salkyl esters such as methoxycarbonyloxymethyl
and 1-methoxycarbonyloxyethyl esters.

The in vivo effects of a compound of the formula I may
be exerted in part by one or more metabolites that are formed
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within the human or animal body after administration of a
compound of the formula I. As stated hereinbefore, the in
vivo effects of a compound of the formula I may also be
exerted by way of metabolism of a precursor compound (a
pro-drug).

It shall also be appreciated that compounds of formula I
may also be covalently linked (at any suitable position) to
other groups such as, for example, solubilising moieties (for
example, PEG polymers), moieties that enable them to be
bound to a solid support (such as, for example, biotin-
containing moieties), and targeting ligands (such as anti-
bodies or antibody fragments).

Synthesis

In the description of the synthetic methods described
below and in the referenced synthetic methods that are used
to prepare the staring materials, it is to be understood that all
proposed reaction conditions, including choice of solvent,
reaction atmosphere, reaction temperature, duration of the
experiment and workup procedures, can be selected by a
person skilled in the art.

It is understood by one skilled in the art of organic
synthesis that the functionality present on various portions
of the molecule must be compatible with the reagents and
reaction conditions utilised.

Necessary starting materials may be obtained by standard
procedures of organic chemistry. The preparation of such
starting materials is described in conjunction with the fol-
lowing representative process variants and within the
accompanying Examples. Alternatively necessary starting
materials are obtainable by analogous procedures to those
illustrated which are within the ordinary skill of an organic
chemist.

It will be appreciated that during the synthesis of the
compounds of the invention in the processes defined below,
or during the synthesis of certain starting materials, it may
be desirable to protect certain substituent groups to prevent
their undesired reaction. The skilled chemist will appreciate
when such protection is required, and how such protecting
groups may be put in place, and later removed.

For examples of protecting groups see one of the many
general texts on the subject, for example, ‘Protective Groups
in Organic Synthesis’ by Theodora Green (publisher: John
Wiley & Sons). Protecting groups may be removed by any
convenient method described in the literature or known to
the skilled chemist as appropriate for the removal of the
protecting group in question, such methods being chosen so
as to effect removal of the protecting group with the mini-
mum disturbance of groups elsewhere in the molecule.

Thus, if reactants include, for example, groups such as
amino, carboxy or hydroxy it may be desirable to protect the
group in some of the reactions mentioned herein.

By way of example, a suitable protecting group for an
amino or alkylamino group is, for example, an acyl group,
for example an alkanoyl group such as acetyl, an alkoxy-
carbonyl group, for example a methoxycarbonyl, ethoxycar-
bonyl or t-butoxycarbonyl group, an arylmethoxycarbonyl
group, for example benzyloxycarbonyl, or an aroyl group,
for example benzoyl. The deprotection conditions for the
above protecting groups necessarily vary with the choice of
protecting group. Thus, for example, an acyl group such as
an alkanoyl or alkoxycarbonyl group or an aroyl group may
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be removed by, for example, hydrolysis with a suitable base
such as an alkali metal hydroxide, for example lithium or
sodium hydroxide. Alternatively an acyl group such as a
tert-butoxycarbonyl group may be removed, for example, by
treatment with a suitable acid as hydrochloric, sulfuric or
phosphoric acid or trifluoroacetic acid and an arylmethoxy-
carbonyl group such as a benzyloxycarbonyl group may be
removed, for example, by hydrogenation over a catalyst
such as palladium-on-carbon, or by treatment with a Lewis
acid for example BF;.OEt,. A suitable alternative protecting
group for a primary amino group is, for example, a phthaloyl
group which may be removed by treatment with an alky-
lamine, for example dimethylaminopropylamine, or with
hydrazine.

A suitable protecting group for a hydroxy group is, for
example, an acyl group, for example an alkanoyl group such
as acetyl, an aroyl group, for example benzoyl, or an
arylmethyl group, for example benzyl. The deprotection
conditions for the above protecting groups will necessarily
vary with the choice of protecting group. Thus, for example,
an acyl group such as an alkanoyl or an aroyl group may be
removed, for example, by hydrolysis with a suitable base
such as an alkali metal hydroxide, for example lithium,
sodium hydroxide or ammonia.

Alternatively an arylmethyl group such as a benzyl group
may be removed, for example, by hydrogenation over a
catalyst such as palladium-on-carbon.

A suitable protecting group for a carboxy group is, for
example, an esterifying group, for example a methyl or an
ethyl group which may be removed, for example, by hydro-
lysis with a base such as sodium hydroxide, or for example
a t-butyl group which may be removed, for example, by
treatment with an acid, for example an organic acid such as
trifluoroacetic acid, or for example a benzyl group which
may be removed, for example, by hydrogenation over a
catalyst such as palladium-on-carbon.

Resins may also be used as a protecting group

In a particular aspect, the present invention provides a
method of synthesising a compound of the formula I, or a
pharmaceutically acceptable salt or solvate thereof, the
method comprising:

a) reacting a compound of formula A:

)
R3
Ry
@]
Ri Q
wherein,

Q, R;, R, and R; have any of the definitions listed
hereinbefore,
with a compound of formula B:

B
R
g,

LG—B
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wherein

LG is a suitable leaving group; and

R, and R, have any of the definitions listed hereinbefore;
and

b) optionally thereafter, and if necessary:

i) removing any protecting groups present;

ii) converting the compound formula I into another com-

pound of formula I; and/or

iii) forming a pharmaceutically acceptable salt or solvate

thereof.

Suitably the reaction between compound A and com-
pound B takes place in the presence of a suitable solvent.
Any suitable solvent or solvent mixture may be used for this
reaction. A person skilled in the art will know how to select
suitable solvents or solvent mixtures for use in these reac-
tions. Examples of suitable solvents include THF, diethyl
ether, DCM, DCE (1,2-dichloroethane), CHClj, toluene and
MeCN.

A person skilled in the art will be able to select appro-
priate reaction conditions to use in order to facilitate this
reaction. Suitably, the reaction is carried out in anhydrous
conditions and in the presence of an inert atmosphere, such
as argon or nitrogen. The reaction may also be carried out an
elevated temperature, such as, for example, within the range

15

O R
O R
M - 8 ?
—_—
R’ e} |
R" NH,
l(in)
R
H
@]
R" NH,

DPBA (diphenylborinic anhydride)

R =Me, NH,; R' = Me, OEt; R" = CCls, Me
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01 20 to 160° C. or, more suitably 40 to 100° C. (depending
on the solvent utilised), for a suitable time period of, for
example, 30 minutes to 7 days, or more suitably 2 to 20
hours. Reflux conditions may be used. Microwave condi-
tions may also be used.

The compound of formula A can be prepared by processes
known in the art, and suitably by the processes described
herein with reference to the examples.

The compound of formula B can be prepared by processes
known in the art, and suitably by the processes described
herein with reference to the examples.

Suitable leaving groups will be apparent to one of ordi-
nary skill in the art, including —OBu, —OPr and —OMe.
In an embodiment, LG is selected from:

i) OH; and
ii) O—B(R,)(Rs).

In a particular embodiment, the compound B is diphenyl-
borinic anhydride (DPBA).

In a further aspect of the invention, there is provided a
compound of formula I obtainable, obtained, or directly
obtained by any one of the processes defined herein.

By way of example, particular synthetic schemes by
which compounds of the invention can be prepared are
shown below in Schemes 1 to 6:

Scheme 1
0 0
Rr \ O+
(ii) | B
_— R N~
H
R
H
\ O+
(i) | I
B
R" N
H

(i) ChCCN, Zn(acac)y, DCM/DCE, r.t. - 70° C., 3 h or MeCN, SnCly, toluene, 80-110° C., 4 h; (i) DPBA, THF, 50° C., 16 h; (iii) KsCO3(sar, EtOH, r.t., 24 h.
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Scheme 2
O O
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Me O'Bu
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M -~ R u
Me N
H
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Me N/
H
Cl,C NH,
R
o m~
Me | \(l)+
B
R’ N~
H

Me X0

0 ©
H
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Q JS\ 4 N Me
TSy \N/ N /
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-continued
B
O
5 Q G
N \)k (ii) NH, (iif)
NH,
R! NH,
10
NH,
R
15 ot
L
R N~
H
20
WhenR =CN, R’ =CCly
WhenR = COMe,R'=CHCl,  CH,CI

25 (i) RNH,, toluene, 150° C., Dean-Stark, 14 h; (ii) C1hxCCN, Zn(acac),, DCM, r.t.,
2 h or CI3CCN, NaOAc, EtOH, 16 h; (iii) DPBA, THF, -50° C., 16 h.

30
Scheme 3
(¢] (0]
R _®
MeMN/
35 |
R’
40
(¢] (¢]
R .
45 Me o
\
R
Cl3C NH,
50
55 (¢] (0]
R
\N X0t
L
/B
Cl3C N
60
R=R'=Me
65

(i) CLCCN, Zn(acac)y, DCM, r.t,, 2 h; (if) DPBA, THF, 50° C., 16 h.
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Scheme 4
B (i)
—_— —_—
Br B
Br Br
OH
0 0
0 0 i
(i) () o
J = AN
Me NH,
Me

clLC NH, |

Cl,C

(i) n-BuLi or s-BuLi, THF, -78° C.; 2 h; (ii) s-BuLi, (i-PrO);B, E,O, -78° C. —» r.t. 16 h; 1 M HCL, r.t., 2h; (iii) Cl3CCCN, Zn(acac),, DCM, r.t., 2 h;
(iv) THF, 50° C., 16 h.

35
-continued
Me Bu
Scheme 5
AI:
Ar Ar . "
N .- .- -
Ar (i) B 40 : ’ -
N, — I
Br OH Me
(i)
(@] (@] F Cl
T (i)
11
)I\/u\ M N B -
Me NH, o - e
CLe NH,
0 NH,

50 Br f CF;
Me o 2

ClLC g/B_ \ / ’

/ \ 55 al OMe y
NN e Q
i Me *° i -
OMe

60
= N\ T\
DO K™ A
N R VA
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1., 2 h; (if) CyCCN, Zn(acac),, DCM, r.t, 2 b; (iii) THE, 50° C., 16 h.
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(1) PhLi, (i-Pro);B, Et,0, -78° C. — r.t,, 1 h; IM HC], r.t., 30 min; 2,2-dimethylpropane-
1,3-diol, THF, r.t., 4 h; (ii) CI3CCN, Zn(acac),, DCM, r.t., 2 h; (iii) THF, 50°C., 16 h

Pharmaceutical Compositions

According to a further aspect of the invention there is
provided a pharmaceutical composition which comprises a
compound of the invention as defined hereinbefore, or a
pharmaceutically acceptable salt or solvate thereof, in asso-
ciation with a pharmaceutically acceptable diluent or carrier.

The compositions of the invention may be in a form
suitable for oral use (for example as tablets, lozenges, hard
or soft capsules, aqueous or oily suspensions, emulsions,
dispersible powders or granules, syrups or elixirs), for
topical use (for example as creams, ointments, gels, or
aqueous or oily solutions or suspensions), for administration
by inhalation (for example as a finely divided powder or a
liquid aerosol), for administration by insufflation (for
example as a finely divided powder) or for parenteral
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administration (for example as a sterile aqueous or oily
solution for intravenous, subcutaneous, intramuscular, intra-
peritoneal or intramuscular dosing or as a suppository for
rectal dosing).

The compositions of the invention may be obtained by
conventional procedures using conventional pharmaceutical
excipients, well known in the art. Thus, compositions
intended for oral use may contain, for example, one or more
colouring, sweetening, flavouring and/or preservative
agents.

An effective amount of a compound of the present inven-
tion for use in therapy of proliferative disease is an amount
sufficient to symptomatically relieve in a warm-blooded
animal, particularly a human the symptoms of infection, to
slow the progression of infection, or to reduce in patients
with symptoms of infection the risk of getting worse.

The amount of active ingredient that is combined with one
or more excipients to produce a single dosage form will
necessarily vary depending upon the host treated and the
particular route of administration. For example, a formula-
tion intended for oral administration to humans will gener-
ally contain, for example, from 0.5 mg to 0.5 g of active
agent (more suitably from 0.5 to 100 mg, for example from
1 to 30 mg) compounded with an appropriate and convenient
amount of excipients which may vary from about 5 to about
98 percent by weight of the total composition.

The size of the dose for therapeutic or prophylactic
purposes of a compound of the formula I will naturally vary
according to the nature and severity of the conditions, the
age and sex of the animal or patient and the route of
administration, according to well known principles of medi-
cine.

In using a compound of the invention for therapeutic or
prophylactic purposes it will generally be administered so
that a daily dose in the range, for example, 0.1 mg/kg to 75
mg/kg body weight is received, given if required in divided
doses. In general lower doses will be administered when a
parenteral route is employed. Thus, for example, for intra-
venous or intraperitoneal administration, a dose in the range,
for example, 0.1 mg/kg to 30 mg/kg body weight will
generally be used. Similarly, for administration by inhala-
tion, a dose in the range, for example, 0.05 mg/kg to 25
mg/kg body weight will be used. Oral administration may
also be suitable, particularly in tablet form. Typically, unit
dosage forms will contain about 0.5 mg to 0.5 g of a
compound of this invention.

Therapeutic Uses and Applications

In one aspect, the present invention provides a compound
of Formula I, or a pharmaceutically acceptable salt or
solvate thereof, or a pharmaceutical composition as defined
herein for use as a medicament, wherein the compound is
optionally not one of the following:

O Me
EtO | = (l)+
&
CliC N~
"



45

-continued

Jas)

Me A

EtO =

US 10,570,157 B2
46

said compound, or a pharmaceutically acceptable salt or
solvate thereof, having the structural formula I shown

below:

Ro

10 | ]l./m
R Qo \

wherein

Q is O or NR,, wherein R, is H or (1-4C)alkyl;

@

R, is halo, (1-4C)alkyl, (1-4C)haloalkyl, S-(1-4C)alkyl,
aryl, heteroaryl or a (1-6C)a.,f-unsaturated aldehyde or

ketone;

20
hydroxyl, or a group
LAXR,

wherein
25 L' is absent or (1-2C)alkylene

R, is selected from hydrogen, halo, amino, cyano, nitro,

X! is absent or selected from —O—, —C(O)—,

pele
s

O
s

In other aspects, the present invention provides a com-
pound

(1) for use in the treatment of diseases or conditions in
which interleukin 11 activity is implicated,

(ii) for use in the production of an inflammasome inhibi-
tory effect,

(iii) for use in the production of an anti-inflammatory
effect, and/or

(iv) for use in the treatment of inflammation,
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—CX)0—, —OCX)—, —CH(OR)—,
—NR)— —NR)>—CX)— —NR)—CX)
O—, —CX)NR)— —NRICEKNR,)—,
—S—, —SO—, —SO,—, —S(0),NR_)—, or
—N(R_)SO,— wherein X is O or NR; R is hydro-
gen or (1-3C)alkyl; and R, and R, are each indepen-
dently selected from hydrogen or (1-6C)alkyl; and

R, is hydrogen, (1-6C)alkyl, (2-6C)alkenyl, (2-6C)

alkynyl, cyano, aryl, aryl(1-2C)alkyl, (3-6C)cy-
cloalkyl, heteroaryl, heterocyclyl or a sugar or amino
acid, each of which is optionally substituted by one
or more substituent groups independently selected
from oxo, halo, cyano, nitro, hydroxy, carboxy, phos-
phate, NR°R/, (1-4C)alkoxy, (1-4C)alkyl, (3-8C)cy-
cloalkyl, (3-8C)cycloalkyl-(1-3C)alkyl, (1-4C)al-
kanoyl, (1-4C)alkylsulphonyl, aryl, aryloxy,
heterocyclyl, heterocyclyloxy, heterocyclyl-(1-2C)
alkyl, heteroaryl, heteroaryloxy, heteroaryl-(1-2C)
alkyl, C(O)NR®R/, NR°C(O)R/,; NR*S(0),R” and
S(O),NR°R/;
wherein R® and R” are each independently selected
from hydrogen, (1-4C)alkyl or (3-6C)cycloalkyl
or (3-6C)cycloalkyl(1-2C)alkyl;
or R® and R/ can be linked such that, together with the
nitrogen atom to which they are attached, they
form a heterocyclic ring which is optionally sub-
stituted by oxo, halo, cyano, nitro, hydroxy, car-
boxy, NR2R”, (1-4C)alkoxy, (1-4C)alkyl, (3-8C)
cycloalkyl, (3-8C)cycloalkyl-(1-3C)alkyl, (1-4C)
alkanoyl, (1-4C)alkylsulphonyl, C(O)NRER”,
NREZC(O)R”, NRE2S(O),R* and S(O),NRER”,
wherein R and R* are each independently
selected from hydrogen, (1-4C)alkyl, (3-6C)cy-
cloalkyl or (3-6C)cycloalkyl(1-2C)alky];

or R, and R, are linked such that, together with the

nitrogen atom to which they are attached, they form
a heterocyclic ring which is optionally substituted by
oxo, halo, cyano, nitro, hydroxy, carboxy, NR'R/,
(1-4C)alkoxy, (1-4C)alkyl, (3-8C)cycloalkyl, (3-8C)
cycloalkyl-(1-3C)alkyl, (1-4C)alkanoyl, (1-4C)
alkylsulphonyl, C(O)NR’R/, NR'C(O)R/, NR'S(O),
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R’ and S(O),NR'R/, wherein R’ and R/ are each
independently selected from hydrogen, (1-4C)alkyl,
(3-6C)cycloalkyl or (3-6C)cycloalkyl(1-2C)alkyl;
R, is selected from methyl, OR?, C(O)OR?, C(O)NR?R?
or NR*R/,

wherein R* and R’ are each independently selected from
hydrogen, (1-6C)alkyl, (3-10C)cycloalkyl, (3-10C)
cycloalkyl(1-2C)alkyl, (2-6C)alkenyl, (2-6C)alky-
nyl, aryl, aryl(1-2C)alkyl, heteroaryl, heteroaryl(1-
2C)alkyl, S(O)R?, S(O),R? or a sugar or amino acid
residue;

R? is selected from (1-4C)alkyl, (2-4C)alkenyl,
(2-4C)alkynyl or an aryl or heteroaryl group, each
of which may be optionally substituted with one or
more substituents selected from halo, OH, (1-4C)
alkyl, (1-4C)hydroxyalkyl, (2-4C)alkenyl and
(2-4C)alkynyl;

R? and R? are independently selected from hydrogen,
(1-6C)alkyl, (3-10C)cycloalkyl, (3-10C)cycloalkyl
(1-20C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, aryl, aryl
(1-2C)alkyl, heteroaryl or heteroaryl(1-2C)alkyl

R, and R are each independently aryl or heteroaryl ring,
each of which is optionally substituted by halo, cyano,
nitro, hydroxy, carboxy, NR™R”, (1-2C)alkoxy, (1-4C)
alkyl, (1-4C)haloalkyl, (3-4C)cycloalkyl, (3-4C)cy-
cloalkyl-(1-2C)alkyl, aryl, aryl(1-2C)alkyl, (1-2C)al-
kanoyl, (1-2C)alkylsulphonyl, SR™, SOR™, C(O)
NR™R”, NR"C(O)R”, NR™S(O)R” and S(O),NR™R",
wherein R” and R” are each independently selected
from hydrogen, (1-2C)alkyl;

or R, and Ry are linked to one another by a bond, an
alkylene linker optionally comprising one or more
heteroatoms, or a fused cycloalkyl, aryl, heteroaryl or
heterocyclic ring;

or a pharmaceutically acceptable salt thereof.

In an embodiment, the disease or condition in which
interleukin 1 activity is implicated is selected from diabetes
and metabolic disease, atherosclerosis and vascular disease,
myocardial infarction, acute cerebrovascular disease (e.g.
stroke), inflammatory lung disease, inflammatory skin dis-
ease (e.g. psoriasis, eczema, contact dermatitis), Alzheim-
er’s disease and other neurological diseases (e.g. MS and
Parkinson’s), inflammatory joint disease (e.g. arthritis,
gout), autoinflammatory diseases (e.g. Muckle Wells and
other CAPS) and certain cancers.

In another aspect, the present invention provides a method
of inhibiting inflammasome activity in vitro or in vivo, said
method comprising contacting a cell with an effective
amount of a compound of formula I defined herein, or a
pharmaceutically acceptable salt or solvate thereof.

In another aspect, the present invention provides provided
a method of treating a disease or condition in which inter-
leukin 1 activity is implicated, said method comprising
administering to a patient in need of such treatment a
therapeutically effective amount of a compound of formula
1 defined herein, or a pharmaceutically acceptable salt or
solvate thereof, or a pharmaceutical composition as defined
herein.

For the avoidance of doubt, for those medical uses and
methods of treatment discussed above, unless otherwise
stated, it will be understood that the following compounds
are comprised within the scope of the invention:
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It will be understood that any and all of the definitions for
Q, R, R, R, L', X', X, R, R,, R, R, R%, R/, R&, R", R,
R/, R,, R%, R’ R,, R, R™, R”, R?, R? and R®, as well as any
and all of the sub-formulae of formula (I), outlined above
under the heading “compounds of the invention™ are equally
applicable to the therapeutic uses and methods of treatment
outlined above.

Routes of Administration

The compounds of the invention or pharmaceutical com-
position comprising the active compound may be adminis-
tered to a subject by any convenient route of administration,
whether systemically/peripherally or topically (ie. at the site
of desired action).

Routes of administration include, but are not limited to,
oral (e.g, by ingestion); buccal; sublingual; transdermal
(including, e.g., by a patch, plaster, etc.); transmucosal
(including, e.g., by a patch, plaster, etc.); intranasal (e.g., by
nasal spray); ocular (e.g., by eyedrops); pulmonary (e.g., by
inhalation or insufflation therapy using, e.g., via an aerosol,
e.g., through the mouth or nose); rectal (e.g., by suppository
or enema); vaginal (e.g., by pessary); parenteral, for
example, by injection, including subcutaneous, intradermal,
intramuscular, intravenous, intraarterial, intracardiac,
intrathecal, intraspinal, intracapsular, subcapsular, intraor-
bital, intraperitoneal, intratracheal, subcuticular, intraarticu-
lar, subarachnoid, and intrasternal; by implant of a depot or
reservoir, for example, subcutaneously or intramuscularly.
Combination Therapies

In another aspect, the present invention provides a com-
pound of formula I defined herein in combination with one
or more other therapeutic agents

(1) for use in the treatment of diseases or conditions in

which interleukin 1 activity is implicated,

(ii) for use in the production of an inflammasome inhibi-

tory effect,

(iii) for use in the production of an anti-inflammatory

effect, and/or

(iv) for use in the treatment of inflammation.

In an embodiment, the one or more other therapeutic
agents is a compound or pharmaceutical composition that is
effective in the treatment of inflammation.

EXAMPLES

One or more embodiments of the invention will now be
exemplified, for the purpose of illustration only, with refer-
ence to the accompanying figures, in which

FIG. 1 shows the effects of compounds 3 (BC7), 4
(NBC1), 6 (BC23), 8 (NBC2), 9 (NBC3), 11 (NBC4), 13
(NBCS5) and 14 (NBC6) on IL-1p release quantified by
ELISA. Data are the mean=SD of at least 4 separate experi-
ments.

FIG. 2 shows the effects of compounds 14 (NBC6), 19
(NBC21), 22 (NBCI15), 24 (NBC16), 27 (NBCI12),
(NBC14), 33 (NBC17), 36 (NBC13), 38 (NBCI18),
(NBC25), 42 (NBC24), 43 (NBC28), 44 (NBC23),
(NBC26), 48 (NBC19), 51 (NBC20), 54 (NBC22),
(NBC29) and 57 (NBC32) on IL-1 release quantified by
ELISA. Data are the mean=SD of at least 4 separate experi-
ments.

FIG. 3 shows the percentage control against log inhibitor
concentration for compounds 3 (BC7), 6 (BC23) and 14
(NBCo).

FIG. 4 shows the crystal structures of: a) compound 14
(NBC6) in Example 1; and b) compound 16 (NBC11) in
Example 1.
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CHEMICALS AND METHODS

All chemicals, solvents and deuterated solvents were
purchased from Sigma-Aldrich, Alfa-Aesar and Fisher Sci-
entific. A Bruker Avance 400 spectrometer was used to
record 'H and '*C NMR spectra. Infrared spectroscopy was
conducted on a JASCO FT/IR-4100 spectrophotometer
using the Spectra Manager II (JASCO) software package.
Chemical shifts are defined in parts per million (ppm) and
referenced against tetramethylsilane (6=0). Evaporation of
solvents was conducted on a Buchi rotavapor R-200
equipped with Buchi heating bath B-490. TLC was per-
formed using silica gel 60 on aluminium sheets with F,,.
All spots were visualised using a MV Mineralight lamp
(254/365) UVGL-58. A silica gel with particle size 40-63
microns was used for column chromatography. All purified
products using the column chromatography method were
evaporated in vacuo to completeness. Microwave irradiation
was carried out on a Biotage® Initiator Classic microwave
using 2-5 ml Biotage® glass vials.

Example 1—Synthesis of Compounds

1
(€] Me
EtO | 6]
CLC NH,
Ethyl (E)-2-acetyl-3-amino-4,4,4-trichloro-2-butenoate

(1) was prepared by a revised method to that described by
Veronese et al, 1986%'. To a suspension of zinc(II) acety-
lacetonate hydrate (56 mg, 0.2 mmol) in anhydrous 1,2-
dichloroethane (5 mL), ethyl acetoacetate (1.26 mL, 10
mmol) and trichloroacetonitrile (1.50 mL, 15 mmol) were
added. The mixture was heated at 70° C. under N, for 3 h.
The reaction mixture was extracted with DCM and extract
dried over MgSO,. The solution was concentrated and
purified by flash column chromatography (ethyl acetate/n-
hexane, 1:8) to give 0.56 g (21%) of (1) as a brown oil. ‘*H
NMR (400.1 MHz, CDCl,): 8 4.19 (q, J=7.2 Hz, 2H, CH,C
H,0), 2.23 (3H, s, 3H, CH;CO), 1.29 (t, J=7.0 Hz, 3H, C
H,CH,0), NH, signal was not observed; MS(ES*) (nv/z):
274.0 [M+H, *>Cl, °Cl, *Cl, 38%]*, 276.0 [M+H, *>Cl,
33Cl, *7Cl, 48%]*, 278.0 [M+H, **Cl, 3"Cl, 3"Cl, 23%]*,
280.0 [M+H, *7Cl, *"Cl, *'Cl, 6%]*, 338.0 [M-H+Zn*,
33Cl1, 33Cl, *°Cl, 100%]*, 340.0 [M-H+Zn>*, **Cl, *°Cl,
*7Cl, 50%]", 342.0 [M-H+Zn>*, *Cl, *’C1, *"Cl, 25%]*.

S8
oaae

Diphenylborinic anhydride (2) was prepared according to
that described by Hosoya et al, 2006*. 'H NMR (400.1
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MHz, CDCl,): & 7.80 (d, J=7.2 Hz, 2H, B-Ph(0)), 7.71 (d,
J=7.2 Hz, 2H, B-Ph(0)), 7.25-7.47 (m, 6H, B-Ph(m/p)); IR:
1596 (C—C, in-ring stretch), 1435 (C—C, in-ring stretch),
1273 (B—C, stretch), 1055 (B—C, stretch), 1026 (C—C,
in-plane deformation), 852 (B—O, symmetric stretch), 749
(C—H, out-of-plane deformation), 695 (C—C, out-of-plane
ring deformation), 645 (B—O, out-of-plane deformation)
cm™'. A small broad singlet at & 5.72 is attributed to some
hydrolysed diphenylborinic acid (B—OH).

3
(€] Me
EtO | ~ (l)+
B
ClsC N~ __<i:::>
H
(BCT)
Ethyl (E)-2-acetyl-3-amino-4,4,4-trichloro-2-buteno-

ate Diphenylboron (3; BC7)

To a suspension of DPBA (0.25 g, 0.73 mmol) in anhy-
drous THF (4 mlL), ethyl (E)-2-acetyl-3-amino-4,4,4-
trichloro-2-butenoate (0.4 g, 1.46 mmol) was added. The
mixture was heated under microwave irradiation at 150° C.
under N, for 30 mins. The reaction mixture was cooled and
dissolved in DCM. The solution was concentrated and
purified by flash column chromatography (ethyl acetate/n-
hexane, 1:49) to give 26.1 mg (8%) of (3) as a yellow solid.
mp: 109-110° C.; "H NMR (400.1 MHz, CDCl,): 8 7.29 (dd,
J=8.0 Hz & 1.6 Hz, 4H, B-Ph(0)), 7.12-7.27 (m, 6H,
B-Ph(m/p)), 4.11 (q, J=7.2 Hz, 2H, CH,CH,0), 2.42 (s, 3H,
CH,CO), 1.23 (t, J=7.2 Hz, 3H, CH,CH,O), NH signal not
observed; 1*C NMR (100.6 MHz, CDCl,): & 188.9 (CH,
CO), 165.4 (C1,C(NH)C—C), 164.3 (EtO,C), 131.8 (B-Ph
(0)), 127.6 (B-Ph(m)), 127.0 (B-Ph(p)), 102.3 (C1,C(NH)
C—0), 93.4 (CCly), 61.7 (CH;CH,0), 24.4 (CH,CO), 13.7
(CH;CH,0), B-Ph quaternary signal not observed; IR: 3306
(N—H), 1709 (C=0), 1592 (C=C, conjugated) cm™’;
MS(BS") (m/z): 435.2 [M-H, '°B, **Cl, *Cl, *°Cl, 10%]",
436.2 [M-H, ''B, *>Cl, **Cl, *>Cl, 58%], 437.2 [M-H, '°B,
*3Cl, *3Cl, 27Cl, 29%]7, 438.2 [M-H, ''B, *°Cl, *°Cl, *"C],
58%]7, 439.2 [M-H, '°B, *°Cl, *7Cl, *’Cl, 17%]", 440.2
[M-H, ''B, **Cl, *’Cl, >"Cl, 26%], 441.3 [M-H, '°B, *Cl,

37C1, 27Cl, 8%]7, 442.2 [M-H, B, *7Cl, *"Cl, *’Cl, 3%]";
HRMS (m/z): [M-H]" caled. for C,.H,''B**CI,NO;,
436.0449; found, 436.0431.
4
O Me
Me | \(l)+
B
ClsC N~ @
H
(NBC1)
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3-(1-Amino-2,2,2-trichloroethylidene)pentane-2,4-dione
diphenylboron (4; NBC1) was prepared by a revised method
to that described by Veronese et al, 1986°" and Vasil’ev et al,
1994*. To a suspension of zinc acetylacetonate hydrate (56
mg, 0.2 mmol) in anhydrous DCM (4 mL), acetylacetone
(1.03 mL, 10 mmol) and trichloroacetonitrile (5.00 mL, 50
mmol) were added. The reaction mixture was stirred at room
temperature under N, for 16 h. The mixture was extracted
with DCM and extract dried over MgSO,,. The solution was
concentrated by evaporation in vacuo to give crude 3-(1-
amino-2,2,2-trichloroethylidene)pentane-2,4-dione as a yel-
low oil. The crude product (0.42 g, 2.95 mmol) was added
to DPBA (0.40 g, 1.16 mmol) suspended in anhydrous THF
(4 mL). The reaction mixture was heated at 50° C. under N,
for 16 h. Residual solid was removed by filtration. The
filtrate was concentrated and purified by flash column chro-
matography (ethyl acetate/n-hexane, 1:4) to give 59.1 mg
(13%) of (4) as a yellow oil. 'H NMR (400.1 MHz, CDCl,):
d7.30 (dd, I=7.8 Hz &1.8 Hz, 4H, B-Ph(0)), 7.16-7.27 (m,
6H, B-Ph(m/p), 2.26 (s, 3H, CH,), 2.24 (s, 3H, CH;), NH
signal not observed; '*C NMR (100.6 MHz, CDCl,): §
198.9 (CH,CO), 185.4 (CH;CO), 163.3 (CI;,C(NH)C—0),
131.8 (B-Ph(0)), 127.6 (B-Ph(m)), 127.1 (B-Ph(p)), 111.6
(CLLC(NH)C=0), 93.0 (CCl,), 34.5 (CH,CO), 23.6
(CH,CO), B-Ph quaternary signal not observed; IR: 3343
(N—H), 1690 (C=0), 1578 (C—C, conjugated) cm™*;
MS(ES™) (m/z): 405.1 [M-H, '°B, *>Cl, **Cl, *°Cl, 13%],
406.2 [M-H, B, *Cl, *Cl, **Cl, 78%] ", 407.2 [M-H, '°B,
1, *°ClL, 27Cl, 21%]7, 408.1 [M-H, ''B, *°Cl, *°Cl, *"C],
100%]-, 409.1 [M-H, '°B, **Cl, *’Cl, *>"Cl, 22%]", 410.0
[M-H, !B, *°Cl,*"Cl, *’Cl, 54%]", 411.2 [M-H, '°B, *"Cl,
*7Cl, *7CL, %), 412.1 [M=H, 'B, *Cl, *’Cl, *"Cl, 4%];
HRMS (m/z): [M-H]~ caled. for C,,H, ''B**CI,NO,,
406.0343; found, 406.0353.

CLC NH,

(Z)-4-Amino-5,5,5-trichloropent-3-en-2-one (5) was pre-
pared by a revised method to that described by Coenon et al,
1965%*. To a suspension of zinc acetylacetonate hydrate (56
mg, 0.1 mmol) in anhydrous DCM (5 mL), acetylacetone
(1.03 mL, 10 mmol) and trichloroacetonitrile (5.00 mL, 50
mmol) were added. The reaction mixture was stirred at room
temperature under N, for 16 h. The mixture was washed
with water and extracted with DCM and extract dried over
MgSO,. The solution was concentrated by evaporation in
vacuo to give crude 3-(1-amino-2,2,2-trichloroethylidene)
pentane-2,4-dione as a yellow oil. The crude product was
dissolved in ethanol (5 mL). A saturated aqueous solution of
potassium carbonate (10 ml) was added. The reaction
mixture was stirred at room temperature for 24 h. The
mixture was extracted with EtOAc. The extracted organic
layer was dried over MgSO,,. The solution was concentrated
and purified by flash column chromatography (ethyl acetate/
n-hexane, 1:9) to give 1.04 g (52%) of (5) as a pale orange
solid. mp: 66-68° C. (lit.* 67-68° C.); 'H NMR (400.1 MHz,
CDCl,): 9 5.85 (t, I=1.2 Hz, 1H, Cl,C(NH,)C—CH), 2.16
(s, 3H, CH;CO), NH, signal was not observed; IR: 3299
(N—H), 3159 (N—H), 1621 (C=0), 1600 (C—C, conju-
gated), 1505 (C=C—NH,) cm™'; TOF MS(ES*) (w/z):
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201.9 [M+H, 3Cl, 35Cl, 33Cl, 96%]*, 203.9 [M+H, 3°Cl,
35C1, ¥7C1, 83%]*, 205.9 [M+H, 3C1, ¥'Cl, 27Cl, 32%]*,
207.9 [M+H, 3’C1, 27C1, *7Cl, 6%]*, 402.1 [2xM, 2°Cl, *>Cl,
35C1, 100%]*.

Me
H
B
]
C13C N - @
H
(BC23)

(2)-4-Amino-5,5,5-trichloropent-3-en-2-one diphenylbo-
ron (6; BC23) was prepared by a revised method to that
described by Vasil’ev et al, 1992%°. (Z)-4-Amino-5,5,5-
trichloropent-3-en-2-one (1.04 g, 5.15 mmol) was added to
a suspension of DPBA (0.89 g, 2.57 mmol) in anhydrous
THF (4 mL). The mixture was heated at 50° C. under N, for
16 h. The reaction mixture was extracted with DCM and the
extract dried over MgSO,. The solution was concentrated
and purified by flash column chromatography (ethyl acetate/
hexane, 1:19) to give 0.53 g (56%) of (6) as a yellow solid.
mp: 113-114° C. (1it.> 112.5-113.5° C.); 'H NMR (400.1
MHz, CDCl,): d 7.31 (dd, I=8.0 Hz & 1.6 Hz, B-Ph(0)),
7.15-7.26 (m, 6H, B-Ph(m/p)), 5.72 (d, J=2.8 Hz, 2H,
CI,C(NH)C—CH), 2.18 (s, 3H, CH;CO), NH signal not
observed; 1*C NMR (100.6 MHz, CDCL,): § 186.2 (CH,
CO), 1658 (CI,C(NH)C—CH), 131.7 (B-Ph(0)), 127.5
(B-Ph(m)), 126.8 (B-Ph(p)), 92.8 (CCl;), 91.6 (C1;C(NH)
C—CH), 24.7 (CH;CO), B-Ph quaternary signal not
observed; IR: 3321 (N—H), 1600 (C—C, conjugated), 1523
(C=C—NH) cm™; MS(ES™) (m/2): 363.0 [M-H, '°B, *>Cl,
*3Cl, *Cl, 19%]7, 364.0 [M-H, ''B, *3Cl, **Cl, *>C],
100%]-, 365.0 [M-H, '°B, **Cl, *>Cl, *’Cl, 32%]", 366.0
[M-H, "B, **Cl, **Cl, *"Cl, 95%], 367.0 [M-H, '°B, *°Cl,
*7C1, ¥7Cl, 19%]7, 368.0 [M-H, ''B, *3Cl, *’Cl, *"Cl,
28%]-, 369.1 [M-H, '°B, *’Cl, *"Cl, *’Cl, 8%]-, 370.1
[M-H, ''B, *7Cl, *’Cl, *"Cl, 3%]~; MS(ES*) (m/z): 286.9
[M-Ph, 1°B, 3°Cl, *°Cl, *Cl, 18%]*, 288.0 [M-Ph, B,
*3C1, *3Cl, *°Cl, 100%]*, 289.0 [M—Ph, '°B, **Cl, *°Cl, *"C],
30%]*, 289.9 [M-Ph, !'B, 3°Cl, *Cl, *"Cl, 94%]*, 290.9
[M-Ph, '°B, *3Cl, *’Cl, *’Cl, 13%]*, 291.9 [M-Ph, 'B,
*>C1,27Cl, *7Cl, 29%]", 293.0 [M-Ph, '°B, *Cl, *"Cl, *"C],
3%]*, 294.0 [M-Ph, !B, *’Cl, *’Cl, *"Cl, 5%]*, 365.0
[M+H, '°B, *°Cl, >°Cl, *>Cl, 3%]*, 366.0 [M+H, ''B, *°Cl,
33Cl, °Cl, 12%]*, 387.0 [M+Na, °B, **Cl, 3°Cl, *°Cl,
16%]*388.0 [M+Na, ''B, *’Cl, *°Cl, **Cl, 46%]*, 389.0
[M+Na, °B, *>Cl, *°Cl, *"Cl, 16%]*, 390.0 [M+Na, B,
*3C1, 2°C1, *7Cl, 42%]*, 391.0 [M+Na, '°B, *°Cl, *"Cl, *"C],
10%]*, 392.0 [M+Na, ''B, *°Cl, *7Cl, *"Cl, 13%]*, 393.0
[M+Na, '°B, 37Cl, *"Cl, *’Cl, 4%]*, 394.0 [M+Na, B,
37C1, 27, PTCL, 2%, 403.0 [M+K, '°B, *°Cl, *3Cl, *>Cl,
4%]*, 404.0 [M+K, B, *>Cl, 3°Cl, *>Cl, 20%]*; 405.0
[M+K, '°B, *°Cl, >°Cl, *’Cl, 6%]*, 406.0 [M+K, ''B, *°Cl,
33C1, *7Cl, 19%]*, 407.0 [M+K, '°B, **Cl, *"Cl, *"Cl, 5%]*,
408.0 [M+K, ''B, *°Cl, *’Cl, *’Cl, 7%]*, 409.0 [M+K, '°B,
37C1, 27Cl, 27Cl, 2%, 410.0 [M+K, *7CL, *7Cl, *7Cl, 2%
HRMS (m/z): [M-H]|~ caled. for C,,H,,''B**CI,NO,
364.0237; found, 364.0243.
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EtO Me

NH, SnCly

Ethyl (E)-2-acetyl-3-amino-2-butenoate (7)

Tin(IV) chloride (1.17 mL, 10 mmol) was slowly added
to a stirring solution of ethyl acetoacetate (1.26 mL, 10
mmol) and acetonitrile (0.52 mL, 10 mmol) suspended in
anhydrous toluene (5 mL). A white solid appeared and the
reaction mixture was stirred at room temperature under N,
for 30 mins. The mixture was then heated at reflux at 80° C.
under N, for 4 h. An orange solid precipitated from the
reaction mixture. The mixture was cooled to room tempera-
ture, n-hexane (20 mL) was added to the reaction mixture
and was stirred under N, for 16 h. The solid was filtered and
dried in vacuo to give 2.90 g (67%) of tin chelate (7) as an
orange solid. mp: 136-138° C.; '"H NMR (400.1 MHz,
ds-DMSO): 9 10.77 (br s, 1H, CH,(NH,)C—CH), 8.37 (br
s, 1H, CH;(NH,)C—C), 4.11 (q, J=7.1 Hz, 2H, CH,CH,0),
2.13 (s, 3H, CH,), 2.11 (s, 3H, CH,), 1.23 (t, J=7.2 Hz, 3H,
CH,CH,0); *C NMR (100.6 MHz, ds-DMSO): & 195.3
(CH,CO), 169.5 (CH5(NH,)C—C), 168.1 (EtO,C), 102.1
(CH,(NH,)C—C), 59.7 (CH,CH,0), 30.4 (CH,CO), 22.4
(CH,(NH,)C—C), 14.5 (CH;CH,0); IR: 3263 (N—H),
3145 (N—H), 1651 (C=0), 1600 (C—C, conjugated)
em™'; MS(ES™) (m/z): 168.8 [M-H, 100%]~; MS(ES*)
(m/z): 130.9 [M-Ac, 53%]*, 171.0 [M+H, 18%]*, 194.1
[M+Na, 25%]".

O Me
EtO | = (l)+
&
"
(NBC2)

Ethyl (E)-2-acetyl-3-amino-2-butenoate
Diphenylboron (8; NBC2)

Ethyl (E)-2-acetyl-3-amino-2-butenoate (0.98 g, 5.76
mmol) was added to a suspension of DPBA (0.38 g, 1.09
mmol) in anhydrous THF (4 mL). The mixture was heated
at 50° C. under N, for 16 h. The reaction mixture was
extracted with DCM and the extract dried over MgSO,,. The
solution was concentrated and purified by flash column
chromatography (ethyl acetate/n-hexane, 1:11) to give 0.30
g (82%) of (8) as a colourless oil. '"H NMR (400.1 MHz,
CDCl,): & 7.26 (dd, J=7.8 Hz & 1.4 Hz, 4H, B-Ph(0)),
7.11-7.23 (m, 6H, B-Ph(m/p)), 4.11 (q, I=7.2 Hz, 2H, CH,C
H,0), 242 (s, 3H, CH,CO), 2.38 (d, J=0.8 Hz, 3H, C
H,(NH,)C=C), 1.22 (t, I=7.2 Hz, 3H, CH,CH,0), NH
signal not observed; '*C NMR (100.6 MHz, CDCl,): §
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186.9 (CH;CO), 170.9 (CH;(NH)C—C), 166.3 (EtO,0),
131.7 (B-Ph(0)), 127.4 (B-Ph(m)), 126.6 (B-Ph(p)), 103.7
(CH;(NH)C—C), 60.4 (CH,CH-,0), 26.4 (CH,COQ), 25.7
(CH;(NH)C—C), 14.3 (CH;CH,0), B-Ph quaternary signal
not observed; IR: 3316 (N—H), 1701 (C—=0), 1603 (C—C,
conjugated), 1489 (C=C—NH) cm™; MS(ES™) (w/z):
333.2 [M-H, '°B, 7%], 334.2 [M-H, ''B, 76%]", 370.3
[M+33Cl, 6%]-, 372.3 [M+>7Cl, 2%]~; MS(ES™) (m/z):
257.2 [M-Ph, '°B, 21%]*, 258.2 [M-Ph, ''B, 100%]*,
335.4 [M+H, '°B, 5%]*, 336.3 [M+H, ''B, 22%]", 358.3
[M+Na, 'B, 28%]*, 374.3 [M+K, 'B, 18%]*; HRMS (m/z):
[M+Na]* caled. for C,,H,,'"BNO,Na, 358.1590; found,
358.1594.

9
Me
H
(T
3
Me N~
"
(NBC3)

(Z)-4-Aminopent-3-en-2-one Diphenylboron (9;
NBC3)

Tin(IV) chloride (1.17 mL, 10 mmol) was slowly added
to a stirring solution of acetylacetone (1.03 mL, 10 mmol)
and acetonitrile (0.52 ml., 10 mmol) suspended in anhy-
drous toluene (5 mL). A yellow solid appeared and the
reaction mixture was stirred at room temperature under N,
for 30 mins. The mixture was then refluxed at 80° C. under
N, for 4 h. The red viscous oil obtained was cooled to room
temperature, washed with n-hexane (20 mL), decanted and
then dried in vacuo overnight. The crude product (0.87 g,
8.76 mmol) was added to DPBA (0.38 g, 1.10 mmol)
suspended in anhydrous THF (4 mL). The reaction mixture
was heated at 50° C. under N, for 16 h. The reaction mixture
was extracted with DCM and the extract dried over MgSO,.
The solution was concentrated and purified by flash column
chromatography (ethyl acetate/n-hexane, 1:9) to give 51.6
mg (10%) of (9) as a yellow oil. 'H NMR (400.1 MHz,
CDCl,): & 7.31 (dd, J=7.8 Hz & 1.4 Hz, 4H, B-Ph(0)),
7.11-7.23 (m, 6H, B-Ph(m/p)), 6.63 (br s, 1H, CH—C(N
H)CH,), 5.07 (d, J=2.0 Hz, 1H, CH;(NH)C—CH), 2.28 (d,
1=0.8 Hz, 3H, CH,(NH)C=C), 2.02 (s, 3H, CH,CO); °C
NMR (100.6 MHz, CDCl,): § 179.7 (CH,CO), 169.4 (CH,
(NH)C—C0), 131.7 (B-Ph(0)), 127.3 (B-Ph(m)), 126.3 (B-Ph
(0), 96.7 (CH,;(NH)C—C), 23.8 (CH,(NH)C—C), 23.7
(CH;CO), B-Ph quaternary signal not observed; IR: 3339
(N—H), 1621 (C=0), 1537 (C=C—NH) cm™'; TOF
MS(BS*) (m/z): 185.1 [M-Ph, '°B, '2C, 26%]*, 186.1
[M-Ph, ''B, '2C, 100%]*, 187.1 [M-Ph, ''B, '°C, 13%]",
263.1 [M+H, 1°B, 12C, 9%]*, 264.1 [M+H, "' B, 2C, 30%]*,
265.1 [M+H, ''B, 1°C, 6%]", 285.1 [M+Na, '°B, '°C, 7%]*,
286.1 [M+Na, "B, 2C, 32%]", 287.1 [M+Na, ''B, '*C,
9%]*, 301.1 [M+K, *°K, '°B, '>C, 14%]*, 302.1 [M+K, *°K,
1B, 12C, 62%]%, 303.1 [M+K, *°K, ''B, °C, 13%]*, 304.0
[M+K, K, ''B, 2C, 7%]*; HRMS (m/z): [M+Na*] calcd.
for C,,H,s'"BNONa, 286.1379; found, 286.1382.
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10

Me

3-(1-Aminoethylidene)pentane-2,4-dione (10)

Tin(IV) chloride (1.17 mL, 10 mmol) was slowly added
to a stirring solution of acetylacetone (1.03 mL, 10 mmol),
acetonitrile (0.52 mL, 10 mmol) and sodium carbonate (1.08
g, 10.2 mmol) suspended in anhydrous toluene (5 mL). A
yellow solid appeared and the reaction mixture was stirred
at room temperature under N, for 30 mins. The mixture was
then heated to reflux at 80° C. under N, for 4 h. An orange
solid precipitated from the reaction mixture. The mixture
was cooled to room temperature and n-hexane (20 mL) was
added. The liquid was decanted and the solid dried in vacuo
overnight. The resultant solid was triturated and washed
thoroughly with boiling chloroform (25 ml.). The mixture
was cooled to room temperature, filtered and dried in vacuo
to give 0.85 g (61%) of (10) as a cream solid. mp: 129-132°
C.; exists as a mixture of tautomers in a 9:1 ratio. 'H NMR
(400.1 MHz, d,-DMSO): & 10.65 (br s, 1H, CH,(N
H,)C—=0), 8.30 (br s, 1H, CH;(NH,)C—C), 5.67 (s, C—C
H, of enol form), 4.88 (d, J=1.4 Hz, C—CH, of enol form),
2.17 (s, 6H, CH,COx2), 2.04 (s, 3H, CH;(NH,)C—C); 1.99
(s, 3H, CH,C(OH)C of enol form), 1.91 (s, 3H, CH;(OH)C
of enol form); **C NMR (100.6 MHz, d,-DMSO): § 197.9
(CH,CO), 193.0 (CH,CO), 165.2 (CH;(NH,)C—C), 113.1
(CH;(NH,)C—C), 100.6 (H,C—C(OH)C of enol form),
94.1 (H,C—C(OH)C of enol form), 31.2 (CH,CO), 27.5
(CH,CO), 21.3 (CH,(NH,)C—C); MS(ES*) (m/z): 142.1
[M+H, 100%]*, 164.1 [M+Na, 29%]"; HRMS (m/z):
[M+H]* caled. for C;H,,NO,, 142.0868; found, 142.0853.

11

O Me
Me | x (|) *
B
H
(NBC4)

3-(1-Aminoethylidene)pentane-2,4-dione
Diphenylboron (11; NBC4)

3-(1-Aminoethylidene)pentane-2,4-dione (0.44 g, 3.14
mmol) was added to a suspension of DPBA (0.36 g, 1.05
mmol) in anhydrous THF (4 mL). The mixture was heated
at 50° C. under N, for 16 h. The reaction mixture was
extracted with DCM and extract dried over MgSO,. The
solution was concentrated and purified by flash column
chromatography (ethyl acetate/n-hexane, 1:4) to give 0.13 g
(40%) of (11) as a colourless oil. 'H NMR (400.1 MHz,
CDCl,): & 7.26 (dd, J=8.2 Hz & 1.4 Hz, 4H, B-Ph(0)),
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7.11-7.23 (m, 6H, B-Ph(m/p)), 2.32 (s, 3H, CH;CO), 2.28
(d, J=0.8 Hz, 3H, CH,(NH)C—C), 2.20 (s, 3H, CH,CO), N
H signal not observed; '*C NMR (100.6 MHz, CDCl,): &
198.2 (CH;COQ), 183.5 (CH,CO), 169.9 (CH;(NH)C—0),
131.7 (B-Ph(0)), 127.4 (B-Ph(m)), 126.6 (B-Ph(p)), 114.9
(CH;(NH)C—C), 32.8 (CH,CO), 254 (CH;(NH)C—C),
25.0 (CH;CO), B-Ph quaternary signal not observed; IR:
3283 (N—H), 1654 (C=0), 1604 (C—C, conjugated)
em™'; MS(ES™) (m/z): 303.3 [M-H, '°B, '*C, 15%]~, 304.2
[M-H, "B, '2C, 100%]~, 305.2 [M-H, "B, °C, 15%];
MS(BES*) (m/z): 2273 [M-Ph, '°B, '2C, 10%]*, 228.2
[M-Ph, ''B, '2C, 40%]*, 229.2 [M-Ph, ''B, “*C, 9%]",
305.2 [M+H, '°B, '°C, 3%, 306.4 [M+H, ''B, '>C, 45%]*,
307.4 [M+H, B, *C, 6%]*, 328.3 [M+Na, ''B, '2C,
30%]*, 344.4 [M+K, ''B, '*C, 9%]*; HRMS (m/z): [M+H]*
calcd. for C,oH,, 'BNQ,, 306.1669; found, 306.1654.

12
NH,

CLC NH,

(2)-3-Amino-4,4,4-trichlorobut-2-enamide (12)

Acetoacetamide (1.01 g, 10 mmol) and trichloroacetoni-
trile (1 mIL, 10 mmol) were added to a suspension of zinc
acetylacetonate hydrate (56 mg, 0.2 mmol) in anhydrous
DCM (10 mL). The reaction mixture was stirred at room
temperature under N, for 16 h. The white solid that precipi-
tated was extracted with EtOAc and the extract dried over
MgSO,,. The solution was concentrated and purified by flash
column chromatography (ethyl acetate/n-hexane, 1:1) to
give 0.78 g (39%) of (12) as a cream solid. mp: 95-97° C.;
'H NMR (400.1 MHz, CDCL,): 8 6.72 (br s, 1H, CONH,),
5.33 (s, 1H, CCl4;(NH,)C—CH), 5.30 (br s, 1H, CONH,), N
H, signal not observed; '*C NMR (100.6 MHz, CDCl,): &
170.6 (CONH,), 156.8 (CC1,(NH,)C—C), 94.3 (CCl,), 86.1
(CCL,(NH,)C=C); MS(ES™) (m/z): 201.9 [M-H, *>Cl,
*3Cl, 23Cl, 79%]-, 203.9 [M-H, **Cl, **Cl, *"Cl, 46%]",
205.9 [M-H, **Cl, *’Cl, *’Cl, 30%], 207.9 [M-H, *"Cl,
37C1, 27CLL 11%]7; IR: 3479 (N—H, amide), 3412 (N—H,
amide), 3277 (N—H, amine), 3154 (N—H, amine), 1649
(C=0, amide band I), 1623 (C—0, amide band II), 1589
(C=C, conjugated), 1539 (C=C—NH,) cm™; MS(ES*)
(m/z): 203.0 [M+H, *>Cl, *°Cl, *°Cl, 7%]", 204.9 [M+H,
*3Cl1,33C1,%7Cl, 57%]*, 206.9 [M+H, **Cl, *’Cl, *’Cl, 9%]*,
208.9 [M+H, *>’Cl, *’Cl, *’Cl, 2%]*; HRMS (m/z): [M+H]*
calcd. for C,H,>>CI,N,0, 202.9546; found, 202.9545.

13
NI,
0
\O+
e
ClsC N~ @
i
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(2)-3-Amino-4,4 4-trichlorobut-2-enamide
Diphenylboron (13; NBCS)

(Z)-3-Amino-4.4 4-trichlorobut-2-enamide (0.51 g, 2.50
mmol) was added to a suspension of DPBA (0.41 g, 1.19
mmol) in anhydrous THF (4 mL). The reaction mixture was
heated at 50° C. under N, for 16 h. The reaction mixture was
extracted with EtOAc and extract dried over MgSO,. The
solution was concentrated and purified by flash column
chromatography (ethyl acetate/n-hexane, 1:4) to give 57.2
mg (13%) of (13) as a cream solid. mp: 148-149° C.; 'H
NMR (400.1 MHz, CDCl,): § 7.34 (dd, J=8.0 Hz &1.2 Hz,
4H, B-Ph(0)), 7.13-7.25 (m, 6H, B-Ph(m/p)), 6.29 (br s, 1H,
Cl,C(NH)C—CH), 5.34 (br s, 2H, CONH,), 5.15 (d, J=2.4
Hz, 1H, CL,C(NH)C=CH); '>C NMR (100.6 Mz,
CDCl,): 8 170.8 (CONH,), 164.6 (C1,C(NH)C—CH), 132.0
(B-Ph(0)), 127.3 (B-Ph(m)), 126.6 (B-Ph(p)), 93.6 (CCl,),
763 (CI,C(NH)C—CH), B-Ph quaternary signal not
observed; IR: 3485 (N—H), 3363 (N—H), 1619 (C—=0),
1577 (C=C, conjugated), 1542 (C=C—NH) cm™;
MS(ES™) (m/z): 364.1 [M-H, '°B, *3Cl, *Cl, *°Cl, 8%]",
365.1 [M-H, B, *>Cl, **Cl, *Cl, 100%]", 366.0 [M-H,
o, 331, *Cl, *7Cl, 16%], 367.0 [M-H, B, **Cl, **Cl,
*7C1, 28%], 368.0 [M-H, '°B, **C1,°"Cl, *’Cl, 8%]~, 369.0
[M-H, ''B, **Cl, *’Cl, >"Cl, 27%]~, 370.1 [M-H, '°B, *Cl,
37Cl, 37Cl, 6%], 371.3 [M-H, B, *’Cl, *Cl, *’Cl, 2%]";
MS(ES)* (m/z): 389.1 [M+Na, ''B, *°Cl, >°Cl, **Cl, 5%]*,
391.1 [M+Na, !B, *°Cl, **Cl, *’Cl, 8%]*, 393.1 [M+Na,
3¢, 37l *7Cl, 3%]Y; HRMS (m/z): [M-H]~ caled. for
C,,H,5'°B**CL,N,0, 364.0223; found, 364.0231.

14
0 NI,
Me | \(|)+
I
ClsC N~ @
i
(NBCS)

(2)-2-Acetyl-3-amino-4,4 4-trichlorobut-2-enamide
diphenylboron (14; NBC6)

To a suspension of zinc acetylacetonate hydrate (56 mg,
0.2 mmol) and sodium carbonate (1.08 g, 1.02 mmol) in
anhydrous DCM (5 mL), acetoacetamide (1.01 g, 10 mmol)
and trichloroacetonitrile (1 mL, 10 mmol) were added. The
reaction mixture was stirred at room temperature under N,
for 3 h. The white solid that precipitated was extracted with
EtOAc, dried over MgSO, and concentrated by evaporation
in vacuo to give crude (Z)-2-acetyl-3-amino-4,4,4-trichlo-
robut-2-enamide as a yellow oil. The crude product (1.34 g,
5.47 mmol) was added to DPBA (0.38 g, 1.09 mmol)
suspended in anhydrous THF (4 mL). The reaction mixture
was heated at 50° C. under N, for 16 h. The reaction mixture
was extracted with DCM. The solution was concentrated and
purified by flash column chromatography (ethyl acetate/n-
hexane, 1:9). The collected fractions were combined, evapo-
rated and stirred in cold n-hexane (15 mL) for 30 mins. The
precipitate was filtered to give 0.15 g (34%) of (14) as a
yellow solid. mp: 134-135° C.; '"H NMR (300.1 MHz,
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CDCl,): 8 9.25 (br s, 1H, CONH,), 7.61 (br s, 1H, C1,C(N
H)C—=C), 7.40 (d, J=5.7 Hz, 4H, B-Ph(0)), 7.20-7.35 (m,
6H, B-Ph(m/p)), 6.00 (br s, 1H, CONH,), 2.30 (s, 3H, C
H,CO); >C NMR (100.6 MHz, CDCls): 8 197.1 (CH,CO),
168.2 (CONH,), 164.5 (Cl,C(NH)C—C), 130.9 (B-Ph(0)),
126.4 (B-Ph(m)), 125.8 (B-Ph(p)), 97.1 (CI,C(NH)C—0),
94.0 (CCly), 32.9 (CH;CO), B-Ph quaternary signal not
observed; ''B NMR (160.5 MHz, CDCl,) d 2.37; IR: 3390
(N—H), 3329 (N—H), 1647 (C—=0), 1606 (C—C, conju-

gated), 1552 (C—=C—NH) em™'; MS(ES™) (m/z): 202.0
[M-C,,H,,BO, ?*Cl, *°Cl, 3°Cl, 91%], 204.0
[M-C, H,,BO, *Cl, 3°Cl, *Cl, 100%]-, 206.0
[M-C,,H,,BO, ?*Cl, *’Cl, *’Cl, 15%], 208.0

[M-C,_H,,BO, ¥Cl, ¥’Cl, ¥'Cl, 3%]; 406.1 [M-H, '°B,
35¢1, 35C1, *3C1, 20%], 407.1 [M=H, 'B, *°Cl, *Cl, *Cl,
61%]", 408.0 [M=H, '°B, >*Cl, 35Cl, *7Cl, 31%]", 409.0
[M=H, 'B, *°Cl, 33Cl, *’Cl, 100%]-, 4102 [M-H, "°B,
35¢1, 37C1, *C1, 24%]", 411.2 [M-H, 'B, *°Cl, >’Cl, *’Cl,
21%]-, 4125 [M=H, 1°B, 3Cl, 3Cl, *’Cl, 4%]", 41322
[M=H, "B, 37Cl, ¥Cl, *7Cl, 3%]"; MS(ES*) (m/z): 330.1
[M=Ph, °B, 35Cl, 35CI, 3°Cl, 12%]*, 3312 [M-Ph, "B,
35C1,33C1, 3°Cl, 65%]", 332.2 [M=Ph, '°B, 33C1, 35C1, *’Cl,
8%]*, 333.2 [M=Ph, ''B, *3Cl, °Cl, 'Cl, 63%]*, 334.2
[M=Ph, 1°B, 35C1, 3’Cl, *’Cl, 16%]*, 335.3 [M-Ph, "B,
35¢1,37C1, ¥7Cl, 33%]", 3363 [M=Ph, '°B, *’Cl, *’C, *’Cl,
59%]*, 3373 [M=Ph, \'B, >’Cl, >Cl, *Cl, 3%]*, 408.4
[M+H, °B, 33Cl, *5Cl, *3Cl, 11%]*, 409.2 [M+H, "B, °Cl,
351, 35C1, 73%]*, 4102 [M+H, '°B, 3Cl, Cl, *’Cl
16%], 411.2 [M+H, B, 33Cl, 3°Cl, *Cl, 84%]", 412.2
[M=+H, '°B, 33C1, ’Cl, >’Cl, 8%]*, 413.2 [M+H, ''B, *°Cl,
37C1,37C1, 17%]%, 414.2 [M+H, °B, 7Cl, *7Cl, >7Cl, 4%]".
415.2 [M+H, ''B, 7CL, *’C1, *7Cl, 3%]", 430.2 [M+Na, "B,
35C1, 35C1, 35C1, 4%]*, 431.2 [M+Na, '1B, 33Cl, 3Cl, *Cl.
46%]*, 432.1 [M+Na, '°B, *C1, 3C1, ¥'Cl, 13%]*, 4332
[M+Na, ''B, 35CI, 35Cl, *7Cl, 17%]", 434.2 [M+Na, '°B,
35¢1, 7C1, *C1, 9%]*, 435.2 [M+Na, !B, 3°Cl, >’Cl, *’Cl.
10%]*, 436.2 [M+Na, '°B, *'Cl, *7Cl, >Cl, 3%]", 437.2
[M+Na, "B, 3Cl, 3C1, ¥Cl, 5%]*, 447.2 [M+K, "B, **Cl,
35C1,35C1, 18%]", 449.5 [M+K, ''B, 35Cl, *5C1, *Cl, 8%]";
HRMS (m/z): [M+H]* calcd. for C,H, s'*B**C1,*"CIN, 0.,
411.0419; found, 411.0451.

15

Me,N | 0

CLC NH,

(2)-2-Acetyl-3-amino-4,4,4-trichloro-N,N-dimethyl-
but-2-enamide (15)

Zinc acetylacetonate hydrate (28 mg, 0.1 mmol) and
sodium carbonate (1.08 g, 1.02 mmol) was suspended in
anhydrous DCM (10 mL). N,N-Dimethylacetoacetamide
(1.21 mL, 10 mmol) and trichloroacetonitrile (1 mL, 10
mmol) were added. The reaction mixture was stirred at room
temperature under N, for 16 h. The reaction mixture was
extracted in EtOAc, washed with brine and concentrated by
evaporation in vacuo to give 2.41 g (88%) of (15) as a cream
solid. mp: 102-104° C.; '"H NMR (400.1 MHz, CDCl,): 8
8.56 (br s, 1H, CI,C(NH)C—C), 2.97 (d, J=3.3 Hz, 6H,
CON(CHs,),), 2.14 (s, 3H, CH,CO); 1*C NMR (100.6 MHz,
CDCl,): 8 196.7 (CH;CO), 168.6 (Cl,C(NH,)C—C), 155.6
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(CON(CHs,),), 103.2 (CI;C(NH,)C—C), 93.3 (CCl,), 38.8
(CON(CH,),), 35.1 (CON(CHj,),), 27.9 (CH,CO); IR: 3282
(N—H), 1602 (C—C, conjugated), 1497 (C—C—NH,)
em™'; MS(ES™) (m/z): 270.9 [M-H, **Cl,*°Cl, **Cl, 18%],
273.0 [M-H, *Cl, *’Cl, *’Cl, 22%]-, 275.0 [M-H, *°Cl,
¢, P7Cl, 5%)T, 277.0 [M-H, *Cl, *’Cl, *’Cl, 3%];
MS(ESY) (m/z): 273.0 [M+H, **Cl, *°Cl, *>Cl, 100%]*,
275.0 [M+H, *>Cl, *°Cl, *’Cl, 54%]*, 277.0 [M+H, *°Cl,
*7Cl, 27C, 83%], 279.0 [M+H, *7Cl, *7Cl, *7Cl, 12%]*,
295.0 [M+Na, *>Cl, *°Cl, **Cl, 49%]*, 297.0 [M+Na, *>Cl,
33Cl, *7Cl, 52%], 299.0 [M+Na, *Cl, 37Cl, *’Cl, 12%]*,
301.0 [M+Na, *’Cl, *’Cl, *’Cl, 2%]*, 311.0 [M+K, *>Cl,
31, 3¢, 23%]Y, 313.0 [M+K, *°Cl, *Cl, *Cl, 20%]*,
315.0 [M+K, *°C1,37C1,*7Cl, 8%]*, 317.0 [M+K, *’C1, *"Cl,

7Cl,  1%]*%; HRMS (@w/z): [M+H]* caled. for
C,H,,"*C1,N,0,Na, 294.9784; found, 294.9789.
16
O Me
Me,N | \(I)+
1-
ClsC N~ O
H
(NBC11)

(2)-2-Acetyl-3-amino-4,4,4-trichloro-N,N-dimethyl-
but-2-enamide Diphenylboron (16; NBC11)

Zinc acetylacetonate hydrate (28 mg, 0.1 mmol) and
sodium carbonate (1.08 g, 1.02 mmol) was suspended in
anhydrous DCM (10 mL). N,N-Dimethylacetoacetamide
(1.29 g, 10 mmol) and trichloroacetonitrile (1 mL, 10 mmol)
were added. The reaction mixture was stirred at room
temperature under N, for 16 h. The reaction mixture was
extracted in EtOAc, washed with brine and concentrated by
evaporation in vacuo to give crude (Z)-2-acetyl-3-amino-4,
4 4-trichloro-N,N-dimethylbut-2-enamide as a cream solid.
The crude product (1.86 g, 8.02 mmol) was added to DPBA
(0.69 g, 2.01 mmol) and suspended in anhydrous THF (8
mL). The reaction mixture was heated at 50° C. under N, for
16 h. The reaction mixture was extracted in DCM. The
solution was concentrated and purified by flash column
chromatography (ethyl acetate/n-hexane, 1:2). n-Hexane (15
ml) was added and stirred for 30 min to induce precipita-
tion. The resulting residue was recrystallized in toluene/n-
hexane (1:1) to give 0.48 g (54%) of (16) as a yellow solid.
mp: 112-113° C.; *H NMR (400.1 MHz, CDCl,): 8 7.94 (br
s, 1H, CI,C(NH)C—C), 7.42 (d, J=10.0 Hz, 2H, B-Ph(0)),
7.37 (d, J=10.8 Hz, 2H, B-Ph(0)), 7.17-7.35 (m, 6H, B-Ph
(m/p)), 2.93 (s, 3H, CON(CH,),), 2.34 (s, 3H, CH,), 2.28 (s,
3H, CH,); >C NMR (100.6 MHz, CDCl,): 3 184.6 (CH,
CO), 164.9 (C1,C(NH)C—C), 160.7 (CON(CH,),), 131.5
(B-Ph(0)), 130.0 (B-Ph(0)), 126.7 (B-Ph(m)), 126.3 (B-Ph
(), 126.3 (B-Ph(m)), 125.7 (B-Ph(p)), 103.8 (C1,C(NH)
C—0), 91.5 (CCl,), 36.8 (CON(CH,),), 34.3 (CON(CH,),),
21.8 (CH,;CO), B-Ph quaternary signal not observed; IR:
3301 (N—H), 1626 (C—0), 1585 (C—C, conjugated), 1460
(C=C—NH) cm™; MS(ES™) (m/z): 434.1 [M-H, '°B, >>C],
33Cl, *3Cl, 24%]", 435.0 [M-H, !B, *°Cl, *°Cl, **Cl, *%] ",
436.0 [M-H, '°B, **Cl1,*°C1,*"Cl, 21%]~, 437.1 [M-H, ''B,
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35¢1,35C1, *C1, 100%]", 438.0 [M=H, °B, *°Cl, *7Cl, *’Cl,
11%]-, 439.0 [M=H, "B, 35Cl, ¥Cl, 'Cl, 22%]-, 440.0
[M=H, '°B, 37Cl, *’Cl, >Cl, 6%]-, 441.0 [M-H, ''B, >’Cl,
37C1, 77C1, 3%]; MS(ES*) (m/z): 358.0 [M=Ph, '°B, 33l
35C1, 35C1, 3%]*, 359.0 [M=Ph, 1B, 3°Cl, 35C1, 3Cl, 10%]",
362.0 [M=Ph, '°B, 35Cl, Cl, *’Cl, 4%]*, 361.0 [M=Ph,
1R, 331, 33C1, 27C, 13%]*, 362.0 [M=Ph, '°B, *5Cl, *’Cl,
37C1, 5%]*, 363.0 [M=Ph, B, 3*Cl, >’Cl, *’Cl, 6%]*, 436.1
[M+H, °B, 33Cl, 35Cl, 33Cl, 10%]", 437.1 [M+H, "B, **Cl,
351, 35C1, 70%]*, 438.0 [M+H, '°B, 35Cl, °Cl, *’Cl
27%]*, 439.0 [M+H, B, Cl, 35Cl, Cl, 45%]", 440.1
[M+H, °B, *5Cl, *7Cl, ’Cl, 19%]*, 441.1 [M+H, "B, **Cl,
37C1,37C1, 26%]*, 442.1 [M+H, °B, *7Cl, >’Cl, >7Cl, 5%]".
443.1 [M+H, "B, ¥°Cl, ¥Cl, ¥7Cl, 2%]*; HRMS (m/2):
[M-H]~ caled. for C,,H,,''B**CI,N,0,, 435.0605; found,
435.0616.

17

H

N-Propargylacetoacetamide (17) was prepared by a
revised method to that described by Alvarez-Pérez &
Marco-Contelles, 20112°. tert-Butyl acetoacetate (0.75 mL,
4.50 mmol) was suspended in toluene (5 mL). Propargylam-
ine (0.26 ml, 4.10 mmol) was added. The mixture was
heated at 110° C. under N, for 14 h. The reaction mixture
was dissolved in Et,O and washed with 1IN HCI1 (2x10 mL).
The aqueous layers were combined and basified aqueous
NaOH 50% (w/v). Once neutralised (pH=7-8), the aqueous
layer was extracted with EtOAc and the extract dried over
MgSO,. The solution was concentrated in vacuo to give 0.40
g (65%) of (17) as a dark orange oil. "H NMR (300.1 MHz,
CDCl,): 8 7.37 (br s, 1H, CONH), 4.08 (dd, J=5.4 & 2.4 Hz,
2H, HC=CCH,), 3.46 (s, 2H, CH;COCH,), 2.28 (s, 3H, C
H,CO0), 2.25 (t,1=2.6 Hz, 1H, HC=CCH,); 1*C NMR (100.1
MHz, CDCl,): 204.5 (CH,CO), 165.3 (CONH), 79.2 (HC=
CCH,), 71.6 (HC=CCH,), 49.0 (CH,COCH,), 31.1
(CH;CO), 29.1 (HC=CCH,); MS(ES") (n/z): 138.0 [M-H,
100%]~; IR: 3281 (N—H), 3271 (C=C), 1712 (C=0,
ketone), 1650 (C—O0, amide band I), 1550 (C—0O, amide
band II) cm™; MS(ES™) (m/z): 140.0 [M+H, 92%]*, 162.0

[M+Na, 88%]*; HRMS (m/z): [M+H]* caled. for
C,H,,NO,, 140.0712; found, 140.0713.
|| 18
O HN
Me | (@]
CLC NH,

(2)-2-Acetyl-3-amino-4,4,4-trichloro-N-(prop-2-yn-
1-yDbut-2-enamide (18)

To a suspension of zinc acetylacetonate hydrate (6.3 mg,
0.02 mmol) and sodium carbonate (0.24 g, 2.28 mmol) in
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anhydrous DCM (5 mL), N-propargylacetoacetamide (0.31
g, 2.23 mmol) and trichloroacetonitrile (0.22 mL, 2.23
mmol) were added. The reaction mixture was stirred at room
temperature under N, for 2 h. The reaction mixture was
extracted with DCM, dried over MgSO,, and concentrated by
evaporation in vacuo to give 0.51 g (81%) of (18) as a brown
solid. mp: 77-79° C.; '"H NMR (300.1 MHz, CDCl,): 8.66
(br's, 1H, NH,), 6.07 (br s, 1H, CONH), 4.10 (dd, J=5.3 &
2.6 Hz, 2H, HC=CCH,), 2.25 (s, 3H, CH,CO), 2.21 (t, ]I=2.6
Hz, 1H, HC=CCH,), 1xNH signal not observed; >*C NMR
(100.1 MHz, CDCly): 197.4 (CH,CO), 1672 (C—
C(NH,)CCl,), 157.0 (CONH), 104.0 (C—C(NH,)CCl,),
93.2 (CCly), 78.4 (HC=CCH,), 72.2 (HC=CCH,), 30.1
(CH,CO), 28.4 (HC=CCH,); IR: 3247 (C=C), 1650 (C=0),
1609 (C=C, conjugated), 1524 (C=C—NH,); MS(ES")
(m/z): 282.9 [M+H, 19%]*, 304.9 [M+Na, *°Cl, *°Cl,
130%]*, 306.9 [M+Na, *°Cl, *°Cl, *’Cl, *%]*, 308.9
[M+Na, *>Cl, *’Cl, *’Cl, 4%]*, 310.9 [M+Na, *’Cl, *Cl,
37C1, 2%]+.

19

o HN
Me | \(l)+
I
ClsC N~ @
"
(NBC21)

(Z)-2-Acetyl-3-amino-4,4 4-trichloro-N-(prop-2-yn-
1-yDbut-2-enamide Diphenylboron (19; NBC21)

(Z)-2-Acetyl-3-amino-4,4 4-trichloro-N-(prop-2-yn-1-yl)
but-2-enamide (0.37 g, 1.31 mmol) was added to DPBA
(0.23 g, 0.66 mmol) suspended in anhydrous THF (4 mL).
The reaction mixture was heated at 50° C. under N, for 16
h. The reaction mixture was extracted in DCM. The solution
was concentrated and purified by flash column chromatog-
raphy (ethyl acetate/n-hexane, 1:7). The collected fractions
were combined, evaporated and stirred in cold n-hexane (15
mL) for 30 mins. The precipitate was filtered to give 63.1 mg
(22%) of (19) as a yellow solid. mp: 147-148° C.; '"H NMR
(300.1 MHz, CDCl,): & 7.82 (br s, 1H, CIL,C(NH)C—C),
7.16-7.34 (m, 10H, B-Ph), 5.70 (t, J=5.4 Hz, 1H, CONH),
3.99 (dd, J=53 & 2.6 Hz, 2H, HC=CCH,), 2.29 (s, 3H,
CH,CO), 2.16 (1, J=2.7 Hz, 1H, HC=CCH,); *C NMR
(100.6 MHz, CDCl,): d 187.2 (CH,CO), 164.4 (C1,C(NH)
C—C), 162.3 (CONH), 131.6 (B-Ph(0)), 127.6 (B-Ph(m)),
127.1 (B-Ph(p)), 104.5 (C1;C(NH)C—C), 92.7 (CCl,), 78.2
(HC=CCH,), 72.2 (HC=CCH,), 29.9 (HC=CCH,), 233
(CH,CO), B-Ph quaternary signal not observed; IR: 3309
(N—H), 3277 (C=C), 1644 (C—O0, amide band I), 1597
(C=C, conjugated), 1541 (C—0, amide band II) 1523
(C=C—NH) cm™!; MS(ES") (m/z): 444.1 [M-H, '°B, *°Cl,
»Cl, 2°Cl, 15%]7, 445.0 [M-H, ''B, *3Cl, **Cl, *>C],
85%]~, 446.1 [M-H, '°B, *°Cl, *°Cl, *’Cl, 17%]", 447.2
[M-H, !B, *°Cl, **Cl, *"Cl1, 28%]", 447.9 [M-H, '°B, **Cl,
*7C1,27Cl, 12%]7, 449.2 [M-H, ''B, *>C1,77Cl1,*’Cl, 11%],
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450.0 [M=H, '°B, *7Cl, 7Cl, *’Cl, 4%]", 451.2 [M-H, "B,
37C1, 37C1, 3CL, 3%]; MS(ES*) (m/z): 447.0 [M+H, 35C,
35CL, 3°Cl, 8%]*; HRMS (m/z): [M+H]* caled. for
C,,H,,BCLN,O,, 445.0453; found, 445.0439.

20
(€] (€]

H

N-Phenethylacetoacetamide (20)

tert-Butyl acetoacetate (1.49 mL, 9.00 mmol) was sus-
pended in toluene (150 mL). Phenethylamine (1.03 mL, 8.20
mmol) was added. The mixture was heated at 150° C. for 14
h using Dean Stark apparatus. The reaction mixture was
dissolved in Et,O and washed with IN HCl (2x10 mL). A
yellow solid formed in the organic phase and was discarded
by Buchner filtration. The aqueous layers were combined
and basified aqueous NaOH 50% (w/v). Once neutralised
(pH=7-8), the aqueous layer was extracted with EtOAc and
combined with the filtrate from the organic phase. The
extract was dried over MgSO,, and concentrated in vacuo to
give 1.19 g (71%) of (20) as a dark orange oil. 'H NMR
(300.1 MHz, CDCl,): 8 7.08-7.27 (m, 5H, Aryl-H, 6.94 (br
s, 1H, NH), 3.45 (q, J=6.6 Hz, 2H, NHCH,CH,), 3.27 (s,
2H, CH,COCH,), 2.74 (t,J=7.1 Hz, 2H, NHCH,CH,), 2.14
(s, 3H, CH,CO); '*C NMR (100.1 MHz, CDCl,): 204.4
(CH,CO), 165.4 (CONH), 138.7 (Ph(ipso0)), 128.7 (Ph(0)),
128.6 (Ph(m)), 126.5 (Ph(p)), 49.8 (CH;COCH,), 40.7 (NH
CH,CH,), 35.6 (NHCH,CH,), 30.9 (CH,CO); IR: 3303
(N—H), 1716 (C=0, ketone), 1644 (C—0, amide band 1),
1542 (C=0, amide band II) cm™'; MS(ES™) (m/z): 204.0
[M-H, 100%]~; MS(ES*) (m/z): 164.1 [M-C,H,0, 47%]*
206.1 [M+H, 100%]*, 228.0 [M+Na, 68%]*, 244.0 [M+K,
62%]*.

21

N
| H

CLC NH,

(2)-2-Acetyl-3-amino-4,4,4-trichloro-N-phenethyl-
but-2-enamide (21)

N-Phenethylacetoacetamide (1.19 g, 5.80 mmol) and
trichloroacetonitrile (0.58 mL, 5.80 mmol) were added to a
suspension of zinc acetylacetonate hydrate (16.3 mg, 0.06
mmol) and sodium carbonate (0.63 g, 5.92 mmol) in anhy-
drous DCM (10 mL). The reaction mixture was stirred at
room temperature under N, for 2 h. The reaction mixture
was extracted with DCM, dried over MgSO, and concen-
trated by evaporation in vacuo to give 1.82 g (90%) of (21)
as a brown solid. mp: 89-91° C.; 'H NMR (300.1 MHz,
CDCl,): 8.58 (br s, 2H, NH,), 7.05-7.31 (m, 5H, Aryl-H),
3.61 (q, J=6.5 Hz, 2H, NHCH,CH,), 2.85 (t, J=6.9 Hz, 2H,
NHCH,CH,), 2.16 (s, 3H, CH,CO); '*C NMR (100.1 MHz,
CDCl,): 197.7 (CH,CO), 167.7 (C—=C(NH,)CCl,), 156.5
(CONH), 138.4 (Ph(ipso)), 128.8 (Ph(0)), 128.7 (Ph(m)),
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126.8 (Ph(p)), 104.8 (C—=C(NH,)CCL,), 93.3 (CCL,), 41.4
(NHCH,CH,), 34.7 (NHCH,CH,), 28.3 (CH,CO); IR: 3293
(N—H), 1621 (C=0), 1536 (C=0), 1496 (C—=C—NH,)
-1
cm .

22

0 N
Me)‘tﬂkﬁf
I
CliC N~ @
H
(NBC15)

(2)-2-Acetyl-3-amino-4,4,4-trichloro-N-phenethyl-
but-2-enamide Diphenylboron (22; NBC15)

(Z)-2-Acetyl-3-amino-4,4 4-trichloro-N-(phenethyl)but-
2-enamide (0.81 g, 2.31 mmol) was added to DPBA (0.27 g,
0.77 mmol) suspended in anhydrous THF (10 mL). The
reaction mixture was heated at 50° C. under N, for 16 h. The
reaction mixture was extracted in DCM. The solution was
concentrated and purified by flash column chromatography
(ethyl acetate/n-hexane, 1:4) to give 70.4 mg (18%) of (22)
as a yellow oil and exists as a mixture of rotamers in ~7:3
ratio. '"H NMR (300.1 MHz, CDCl,): 7.71 (br s, 1H,
C—C(NH)CCl,), 7.01-7.31 (m, 15H, 3xAryl-H of major
and minor rotamers), 5.38 (br s, 1H, CONH of major
rotamer), 5.31 (br s, 1H, CONH of minor rotamer), 3.70 (q,
2H, NHCH,CH, of minor rotamer), 3.47 (q, J=6.5 Hz, 2H,
NHCH,CH, of major rotamer), 2.86 (t, 2H, NHCH,CH, of
minor rotamer), 2.72 (t, J=6.9 Hz, 2H, NHCH,CH, of major
rotamer), 2.17 (s, 3H, CH5CO), 1.99 (s, 3H, CH,;C(OH) of
enol form); 1*C NMR (100.1 MHz, CDCL,): 187.2 (CH,
CO), 164.8 (C—C(NH,)CCl,), 162.1 (CONH), 138.2 (Ph
(ipso)), 131.7 (B-Ph(0)), 128.8 (Ph(m)), 128.6 (Ph(0)), 127.6
(B-Ph(m)), 1272 (Ph(m)), 127.0 (B-Ph(p)), 105.6
(C—=C(NH,)CCl,), 92.7 (CCly), 41.3 (NHCH,CH,), 34.7
(NHCH,CH,), 23.2 (CH;CO), B-Ph quaternary signal not
observed; IR: 3341 (N—H), 1649 (C—0), 1594 (C—C,
conjugated), 1519 (C=C—NH) cm™; MS(ES") (w/z):
510.1 [M-H, '°B, >*Cl, >°C1, >*Cl, 6%], 511.1 [M-H, "'B,
33Cl, 33Cl, *3Cl, 33%], 512.2 [M-H, '°B, **Cl, **Cl, *"Cl,
13%], 513.2 [M-H, "B, **Cl, **Cl, *’Cl, 32%]", 514.1
[M-H, '°B, *°Cl, *Cl, *Cl, 7%]", 515.1 [M-H, ''B, **Cl,
*7C1, *7CLL 1%, 516.1 [M-H, '°B, *"C1, *7C1, *7Cl, 2%,
517.1 [M=H, "B, *’Cl, *’Cl, *"Cl, 1%]~; MS(ES*) (m/z):
512.2 [M+H, '°B, *°Cl, *°Cl1, **Cl, 14%]*, 513.1 [M+H, ''B,
1, *°Cl, *3Cl, 68%]7, 514.1 [M+H, '°B, *°Cl, *°Cl, *"C],
31%]%, 515.1 [M+H, !B, *°Cl, **Cl, *"Cl, 74%]*, 516.1
[M+H, '°B, *’Cl, *’C, ?°Cl, 30%]*, 517.1 [M+H, 'B, *°Cl,
37Cl, 37CL, 22%]%, 518.1 [M+H, °B, 37Cl, *7Cl, *"Cl,
13%]*, 519.1 [M+H, "B, *7Cl, *’Cl, *"Cl, 11%]*, 534.1
[M+Na, °B, *>Cl, *°Cl, *°Cl, 15%]*, 535.1 [M+Na, B,
1, 3L, *3CL, 41%]*, 536.1 [M+Na, '°B, *°Cl, **Cl, "],
10%]*, 537.1 [M+Na, ''B, *°Cl, *°Cl, *"Cl, 33%]*, 538.1
[M+Na, °B, *>Cl, *’Cl, *"Cl, 14%]*, 539.1 [M+Na, B,
1, *7CL, 7ClL, 26%]*, 540.1 [M+Na, '°B, *’Cl, *"Cl, *"C],
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39%]*, 540.1 [M+Na, "'B, *7Cl, ¥’Cl, *’Cl, 2%]*; HRMS
(m/z): [M+H]* caled. for C,4H,>*CLN,0O,, 513.1075;
found, 513.1073.

23
HN
H
| (6]
CLC NH,
(2)-3-Amino-4,4,4-trichloro-N-phenethylbut-2-ena-
mide (23)

N-Phenethylacetoacetamide (0.55 g, 2.67 mmol) and
trichloroacetonitrile (0.27 ml, 2.67 mmol) were added to a
suspension of zinc acetylacetonate hydrate (7.5 mg, 0.03
mmol) and sodium carbonate (0.29 g, 2.73 mmol) in anhy-
drous DCM (10 mL). The reaction mixture was stirred at
room temperature under N, for 2 h. The reaction mixture
was extracted with DCM, dried over MgSO,, and purified by
flash column chromatography (ethyl acetate/n-hexane, 1:3)
to give 0.40 g (49%) of (23) as a brown oil. '"H NMR (300.1
MHz, CDCl,): 7.08-7.33 (m, 5H, Aryl-H), 6.61 (br s, 2H, N
H,), 5.41 (brs, 1H, NHCH,CH,), 5.21 (s, 1H, C—CH), 3.50
(9, J=6.6 Hz, 2H, NHCH,CH,), 2.77 (t, J=6.9 Hz, 2H,
NHCH,CH,); *C NMR (100.1 MHz, CDCl,): 168.4 (C=
C(NH,)CCl,), 155.4 (CONH), 138.9 (Ph(ipso)), 128.8 (Ph
(m)), 128.7 (Ph(o0)), 126.5 (Ph(p)), 94.5 (CCl,), 87.8
(C—=C(NH,)CC(Cl,), 40.4 (NHCH,CH,), 35.9 (NHCH,CH,);
MS(BES7) (m/z): 306.0 [M-H, *°Cl, **Cl, **Cl, 100%]",
308.0 [M-H, **Cl, *°Cl, *’Cl, 92%]", 310.0 [M-H, *>Cl,
37Cl, *7Cl, 30%]-, 312.0 [M-H, *’Cl, *’Cl, *"Cl, 5%];
MS(ES*) (m/z): 307.0 [M+H, *°Cl, *°Cl, *>Cl, 100%]*,
309.0 [M+H, *°Cl, *Cl, *"Cl, 95%]*, 311.0 [M+H, *°Cl,
37C1,27CL, 26%], 313.0 [M+H, *7C1, *7C1, *"Cl, *%]*, 329.0
[M+Na, *>Cl, *>Cl, **Cl, 84%]*, 331.0 [M+Na, **Cl, **Cl,
*7Cl, 69%]*, 333.0 [M+Na, >>Cl, *’Cl, *’Cl, 25%]*, 335.0
[M+Na, *Cl, *"Cl, *"Cl, 4%]*, 345.0 [M+K, *Cl, **Cl,
*3Cl, 11%]7, 347.0 [M+K, *°Cl, >*Cl, *’Cl, 13%]*, 349.0
[M+K, *3Cl, *’Cl, *7Cl, 10%]*, 351.0 [M+K, *’Cl, *"Cl,
37Cl, 3%]*.
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(Z)-3-Amino-4.4 4-trichloro-N-phenethylbut-2-ena-
mide Diphenyl Boron (24; NBC16)

(Z)-3-Amino-4.4 4-trichloro-N-(phenethyl)but-2-enam-
ide (0.36 g, 1.15 mmol) was added to DPBA (0.13 g, 0.38
mmol) suspended in anhydrous THF (4 mL). The reaction
mixture was heated at 50° C. under N, for 16 h. The reaction
mixture was extracted in DCM. The solution was concen-
trated and purified by flash column chromatography (ethyl
acetate/n-hexane, 1:4) to give 32.1 mg (18%) of (24) as a
yellow solid. mp: 106-108° C., exists as a mixture of
rotamers in ~3:1 ratio. '"H NMR (300.1 MHz, CDCl,):
7.05-7.41 (m, 15H, 3xAryl-H of major and minor rotamers),
6.36 (br s, 1H, C=C(NH)CCI, of minor rotamer), 5.95 (br
s, 1H, C=C(NH)CC]l; of major rotamer), 5.47 (br s, 1H,
CONH of minor rotamer), 5.32 (br s, 1H, CONH of major
rotamer), 5.14 (s, 1H, CH—C(NH)CC]l; of minor rotamer),
5.06 (d, J=1.8 Hz, 1H, CH—C(NH)CC], of major rotamer),
3.67 (q, J=6.6 Hz, 2H, NHCH,CH, of major rotamer), 3.42
(9, 2H, NHCH,CH, of minor rotamer), 2.83 (t, J=6.8 Hz,
2H, NHCH,CH,); '*C NMR (100.1 MHz, CDCl,): 169.3
(CONH), 162.9 (C—=C(NH,)CCl,), 137.8 (Ph(ipso)), 131.8
(B-Ph(0)), 128.9 (Ph(m)), 128.8 (Ph(0)), 127.3 (B-Ph(m)),
126.5 (Ph(p)), 126.3 (B-Ph(p)), 94.5 (CCly), 42.2 (NH
CH,CH,), 35.8 (NHCH,CH,), B-Ph quaternary signal and
C—C(NH,)CCl; signal not observed; IR: 3367 (N—H),
1580 (C—=C, conjugated), 1509 (C—C—NH) cm™;
MS(ES™) (m/z): 468.1 [M-H, '°B, *°Cl, **Cl, *C, 14%],
469.1 [M-H, B, *°Cl, **Cl, **Cl, 100%]", 470.1 [M-H,
198, 33¢l, *°Cl, *7Cl, 48%]°, 471.2 [M-H, ''B, *°Cl, *°Cl,
*7Cl, 77%), 472.1 [M-H, '°B, *°Cl1,*7C1,*"Cl, 31%], 473.2
[M-H, !B, *°Cl, 3"Cl, *"Cl, 24%]", 474.0 [M-H, '°B, *"Cl,
*7Cl, *7Cl, 5%, 475.2 [M=H, 'B, *Cl, *’Cl, *"Cl, 3%];
MS(ES*) (m/z): 392.1 [M=Ph, '°B, *°Cl, **Cl, **Cl, 13%]*,
393.1 [M-Ph, ''B, °Cl, *°Cl, **Cl, 40%]*, 394.1 [M—Ph,
198, *>C1, *>Cl, *7Cl, 30%]*, 395.0 [M-Ph, ''B, *°Cl, *°Cl,
*7Cl, 59%]%, 396.1 [M-Ph, '°B, *°Cl, *"Cl, *’Cl, 12%]*,
397.1 [M-Ph, ''B, *°Cl, *’Cl, *Cl, 15%]*, 398.1 [M-Ph,
9B, 37C1, 37Cl, 37Cl, 5%]*, 399.1 [M-Ph, !'B, *’Cl, *"Cl,
*7CL, 11%]%, 470.1 [M+H, '°B, *3Cl, *>Cl, *>Cl, 22%]*,
471.1 [M+H, B, *°Cl, **Cl, *>Cl, 100%]*, 472.1 [M+H,
198, 33Cl, *°Cl, *7Cl, 36%]*, 473.1 [M+H, ''B, *°Cl, *°Cl,
*7ClL, 98%]*, 474.1 [M+H, '°B, *°Cl, *7Cl, *>Cl, 37%]*,
475.2 [M+H, "B, *C1,3"Cl, *"Cl, 28%]*, 476.2 [M+H, '°B,
*7Cl, *7CL, 27, 12%)T, 477.2 [M+H, 1B, 27Cl, 27Cl,L *7Cl,
4%]*, 492.1 [M4+Na, '°B, *Cl, *°Cl, *Cl, 3%]*, 493.1
[M+Na, ''B, *°Cl, >°Cl, *°Cl, 22%]*, 494.1 [M+Na, '°B,
33Cl, 33Cl, *7Cl, 4%]*, 495.2 [M+Na, ''B, *°Cl, *>Cl, *"Cl,
10%]*, 496.2 [M+Na, '°B, *Cl, *’Cl, *’Cl, 7%]*, 497.2
[M+Na, "B, °Cl, *7Cl, *’Cl, 5%]*, 498.2 [M+Na, '°B,
37C1, 37Cl, 37Cl, 3%]*, 499.2 [M+Na, ''B, *"Cl, *"Cl, *"Cl,
2%]%, 508.1 [M+K, '°B, *3Cl, *>Cl, *°Cl, 3%]*, 509.1
[M+K, !B, *°Cl, *°Cl, *°Cl1, 20%]*, 510.1 [M+K, '°B, **Cl,
3C1,27Cl 4%, 511.2 [M+K, ''B, *°Cl, *>Cl, *7Cl, 13%]*,
512.2 [M+K, '°B, *°Cl, *’Cl, *"Cl, 5%]*, 513.2 [M+K, ''B,
1, 27CL, P7CL, 8%, 514.2 [M+K, '°B, *7Cl, *7Cl, 7],
3%, 5152 [M+K, ''B, *’Cl, *Cl, *’Cl, 4%]". HRMS
(m/z): [M-H]~ caled. for C,,H,,'B**C1,N,0, 469.0817;
found, 469.0830.
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N-Methylacetoacetamide (25)

tert-Butyl acetoacetate (1.49 mL, 9.00 mmol) was sus-
pended in toluene (150 mL). Methylamine (0.78 mL., 22.50
mmol) was added. The mixture was heated at 150° C. for 14
h using Dean Stark apparatus. The reaction mixture was
dissolved in Et,O and washed with 1N HCI (2x10 mL). The
aqueous layer was basified with aqueous NaOH 50% (w/v).
Once neutralised (pH=7-8), the aqueous layer was extracted
with EtOAc and combined with the filtrate from the organic
phase. The extract was dried over MgSO,, and concentrated
in vacuo to give 0.90 g (88%) of (25) as a dark orange oil.
'"H NMR (300.1 MHz, CDCI,): 7.09 (br s, 1H, NH), 3.40 (s,
2H, CH,COCH,), 2.80 (d, J=4.5 Hz, 3H, CH;NH), 2.24 (s,
3H, CH,CO); *C NMR (100.1 MHz, CDCl,): 204.6 (CH,
CO), 166.2 (CONH), 49.6 (CH;COCH,), 30.9 (CH,CO),
279 (CH;NH, minor rotamer), 26.2 (CH;NH, major
rotamer); IR: 3305 (N—H), 1715 (C=—0, ketone), 1641
(C=0, amide band I), 1556 (C—O0, amide band II) cm™*;
MS(ES*) (m/z): 116.0 [M+H, 59%]*, 138.0 [M+Na, 81%]*.
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(2)-2-Acetyl-3-amino-4,4,4-trichloro-N-methylbut-
2-enamide (26)

N-Methylacetoacetamide (0.29 g, 2.50 mmol) and trichlo-
roacetonitrile (0.25 mL, 2.50 mmol) were added to a sus-
pension of zinc acetylacetonate hydrate (7.1 mg, 0.03 mmol)
and sodium carbonate (0.27 g, 2.55 mmol) in anhydrous
DCM (10 mL). The reaction mixture was stirred at room
temperature under N, for 3 h. The reaction mixture was
extracted with DCM, dried over MgSO,, and concentrated by
evaporation in vacuo to give 0.40 g (62%) of (26) as a brown
solid. mp: 92-94° C.; '"H NMR (300.1 MHz, CDCl,): 8.65
(br s, 2H, NH,), 6.06 (br s, 1H, CONH), 2.85 (d, J=4.8 Hz,
CH,NH), 2.23 (s, 3H, CH,CO); '*C NMR (100.1 MHz,
CDCl,): 196.7 (CH,CO), 167.4 (C—C(NH,)CCl,), 155.7
(CONH), 103.7 (C—C(NH,)CCly), 924 (CCly), 27.4
(CH,CO), 26.3 (CH;NH); IR: 3276 (N—H), 1646 (C—=0),
1637 (C=0), 1558 (C=0) cm™'; MS(ES™) (m/z): 257.0
[M-H, *3Cl, *Cl, *°Cl, 78%]~, 258.9 [M-H, **Cl, *°Cl,
37Cl, 100%]-, 261.0 [M-H, *°Cl, *’Cl, 3"Cl, 28%]~, 263.0
[M-H, 37Cl, *7Cl, *"Cl, 3%]~, 292.9 [M+>>Cl, *°Cl, *°Cl,
33Cl, 24%]7, 295.0 [M+23Cl, *°Cl, *>Cl, *7Cl, 22%]", 297.0
[M+7>C1, *>C1,*7Cl1, *"Cl, 11%]", 209.0 [M+7°C1, *"Cl,7Cl,
37Cl, 3%]7; MS(ESY) (m/z): 217.0 [M-C,H,0, 33%]*,
259.0 [M+H, *3Cl, °Cl, *>Cl, 51%]*, 261.0 [M+H, *>Cl,
*3Cl, 27Cl, 38%], 263.0 [M+H, *°Cl, *7Cl, *Cl, 17%]*,
265.0 [M+H, 7Cl1, *’Cl, *Cl, 2%]*, 281.0 [M+Na, *>Cl,
33Cl, *°Cl, 70%]*, 283.0 [M+Na, *>Cl, *°Cl, *’Cl, 80%]*,
285.0 [M+Na, *>Cl, *’Cl, *’Cl, 34%]*, 287.0 [M+Na, *>"Cl,
37C1, 27Cl, 4%
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(2)-2-Acetyl-3-amino-4,4,4-trichloro-N-methylbut-
2-enamide Diphenylboron (27; NBC12)

(Z)-2-Acetyl-3-amino-4.4 4-trichloro-N-(methyl)but-2-
enamide (0.40 g, 1.54 mmol) was added to DPBA (0.18 g,
0.51 mmol) suspended in anhydrous THF (4 mL). The
reaction mixture was heated at 50° C. under N, for 16 h. The
reaction mixture was extracted in DCM. The solution was
concentrated and purified by flash column chromatography
(ethyl acetate/n-hexane, 3:7). n-Hexane (15 mL) was added
and stirred for 30 min to induce precipitation and filtered to
give 8.0 mg (4%) of (27) as a yellow solid. "H NMR (300.1
MHz, CDCl,): 8 7.85 (br s, 1H, CL,C(NH)C—C), 7.24-7.44
(m, 10H, B-Ph), 2.84 (d, J=5.1 Hz, 3H, CH;NH), 2.39 (s,
3H,CH CO) 13C NMR (100.6 MHz, cDCl 5): 0 187.4 (CH,
CO) 165.3 (Cl,C(NH)C—C), 162.2 (CONH), 131.7 (B-Ph
(0)), 127.5 (B-Ph(m)), 127.0 (B-Ph(p)), 105.4 (C1,C(NH)
C=0), 92.9 (CCl,), 27.1 (CH,NH), 23.3 (CH,CO), B-Ph
quaternary signal not observed; IR: 3313 (N—H), 1638
(C=0), 1593 (C=C, conjugated), 1524 (C—C—NH)
em™'; MS(ES™) (m/z): 420.0 [M-H, '°B, *3Cl, *>Cl, *>C],
23%], 421.0 [M-H, 'B, **Cl, *°Cl, *>Cl, 100%], 422.0
[M-H, '°B, **Cl, **Cl, *’Cl, 38%]~, 423.0 [M-H, ''B, *°Cl,
*Cl, *7ClL, 93%]7, 424.0 [M-H, '°B, *°Cl, *’Cl, *Cl,
25%], 425.0 [M-H, "'B, *>Cl, *"Cl, *"Cl, 27%]", 426.0
[M-H, °B, *"Cl, *Cl, *Cl, 4%]", 427.0 [M-H, ''B, *>’Cl,
>7¢l, 37Cl 2%] ,MS(ES*) (m/z) 344.0 [M-Ph, 10B 35Cl
35Cl 33Cl, 5%]*, 345.0 [M=Ph, B, *°Cl, **Cl, 35Cl 43%]*
346.0 [M-Ph, '°B, **Cl, *>Cl, 37Cl 11%]*, 347.0 [M-Ph,
1y 35y, 35Cl, 37Cl, 40%]*, 348.0 [M—Ph, 10B, 3>l 37Cl,
*7Cl, 8%]*, 349.0 [M-Ph, ''B, *>Cl, *’Cl, *’Cl, 7%]*, 350.0
[M-Ph, *°B, *7Cl1, *"Cl, *"Cl, 3%]*, 351.0 [M-Ph, ' B, *"Cl,
*7C1, 27CLL 6%, 422.1 [M+H, '°B, *°Cl, **Cl, *>Cl, 35%]*,
423.1 [M+H, "'B, *>Cl,?°Cl, *>Cl, 77%]", 424.0 [M+H, '°B,
1, *°Cl, 27Cl, 60%]*, 425.0 [M+H, ''B, *°Cl, *°Cl, *"C],
100%]*, 426.0 [M+H, '°B, **Cl, *’Cl, >°Cl, 39%]*, 427.0
[M+H, !B, *°Cl, 3"Cl, *"Cl, 48%]*, 428.0 [M+H, '°B, *"Cl,
*7Cl, 7C, 8%, 429.0 [M+H, ''B, *7Cl1, *7Cl, *7Cl, 7%]*,
444.0 [M+Na, 1°B, 3°Cl, *Cl, *Cl, 20%]*, 445.0 [M+Na,
1R, 3¢, 23, 2°Cl, 53%]*, 446.0 [M+Na, '°B, *°Cl, *°Cl,
*7Cl, 12%]*, 447.0 [M+Na, "B, *Cl, **Cl, *Cl, 49%]*,
448.0 [M+Na, 1°B, °Cl, *’Cl, *’Cl, 12%]*, 449.0 [M+Na,
1R, 3¢, *7CL, *7Cl, 14%]*, 450.0 [M+Na, '°B, *7Cl, *"Cl,
37Cl, 2%]*, 451.0 [M+Na, B, *7Cl, *’Cl, *’Cl, 3%]*.
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N-Benzylacetoacetamide (28)

tert-Butyl acetoacetate (1.49 mL, 9.00 mmol) was sus-
pended in toluene (150 mL). Benzylamine (0.89 mL, 8.20
mmol) was added. The mixture was heated at 150° C. for 14
h using Dean Stark apparatus. The reaction mixture was
dissolved in Et,O and washed with 1N HCI (2x10 mL). The
aqueous layers were combined and basified aqueous NaOH
50% (w/v). Once neutralised (pH=7-8), the aqueous layer
was extracted with EtOAc. The extract was dried over
MgSO, and concentrated in vacuo to give 1.52 g (97%) of
(28) as a cream solid. mp: 85-87° C.; '"H NMR (300.1 MHz,
CDCl,): 8 7.24-7.40 (m, 5H, Aryl-H), 7.36 (br s, 1H, NH),
4.46 (d, J=5.7 Hz, 2H, NHCH,) 3.45 (s, 2H, CH,COCH,),
2.27 (s, 3H, CH,CO); ">C NMR (100.1 MHz, CDCl,): 204.5
(CH;CO), 165.5 (CONH), 137.9 (Ph(ipso)), 128.7 (Ph(m)),
127.7 (Ph(0)), 127.5 (Ph(p)), 49.6 (CH,COCH,), 43.5 (NH
CH,Ph), 31.0 (CH,CO); IR: 3245 (N—H), 1712 (C=0,
ketone), 1638 (C—O0, amide band I), 1577 (C—0, amide
band 1) cm™'; MS(BS™) (m/z): 190.1 [M-H, 5%]~; 226.1
[M+7>Cl, 100%]", 228.1 [M+"Cl, 33%]~; MS(ES*) (m/z):
192.1 [M+H, 100%]*214.1 [M+Na, 63%]*, 228.0 [M+Na,
68%]*, 244.0 [M+K, 62%]*.

29

(2)-2-Acetyl-3-amino-4,4,4-trichloro-N-benzyl but-
2-enamide (29)

N-Benzylacetoacetamide (1.51 g, 7.91 mmol) and trichlo-
roacetonitrile (0.79 mL, 7.91 mmol) were added to a sus-
pension of zinc acetylacetonate hydrate (22.3 mg, 0.08
mmol) and sodium carbonate (0.85 g, 8.06 mmol) in anhy-
drous DCM (10 mL). The reaction mixture was stirred at
room temperature under N, for 3 h. The reaction mixture
was extracted with DCM, dried over MgSO, and concen-
trated by evaporation in vacuo to give 1.99 g (75%) of (29)
as a cream solid. mp: 92-93° C.; 'H NMR (300.1 MHz,
CDCl,): 8.61 (br s, 2H, NH,), 7.22-7.31 (m, 5H, Aryl-H),
6.12 (brs, 1H, CONH) 4.45 (d, J=5.4 Hz, 2H, NHCH,), 2.24
(s, 3H, CH,CO); '*C NMR (100.1 MHz, CDCl,): 197.6
(CH;CO), 167.3 (C—=C(NH,)CCly), 156.7 (CONH), 136.9
(Ph(ipso)), 128.8 (Ph(m)), 128.5 (Ph(0)), 127.9 (Ph(p)),
104.6 (C—C(NH,)CCl,), 93.4 (CCl;), 45.1 (NHCH,Ph),
28.5 (CH,CO); IR: 3297 (N—H), 1619 (C=0), 1541
(C=0), 1495 (C=C—NH,) em™'; MS(ES™) (m/z): 333.1
[M-H, 3°Cl, *°Cl, *Cl, 43%]~, 335.1 [M-H, **Cl, 36Cl,
37Cl, 38%], 337.1 [M-H, *>°Cl, *’Cl, *’Cl, 11%]", 339.1
[M-H, *’Cl, *’Cl, *’Cl, 2%]", 369.1 [M+>°Cl, *Cl, **Cl,
351C, 89%], 370.1 [M+>"Cl, *°Cl, *°Cl, **Cl, 5%], 371.1
[M+7°Cl, *3Cl, *°Cl, *7Cl, 100%]~, 372.1 [M+>7Cl, *°Cl,
33Cl, 37Cl, 15%]7, 373.1 [M+>>Cl, *Cl, *7Cl, *"Cl, 47%]",
374.1 [M+>7Cl, **C1, *7Cl1, *"Cl, 3%] ", 375.1 [M+>°Cl, *"C],
37Cl, 37Cl, 6%]7, 376.1 [M+>7Cl, *’Cl, *’Cl, *Cl, 1%];
MS(ESY) (m/z): 335.1 [M+H, **Cl, *°Cl, *°Cl, 70%]*, 337.1
[M+H, *3Cl1, **Cl, *"Cl, 98%]*, 339.1 [M+H, **Cl, *"Cl,
37Cl, 29%]*, 341.1 [M+H, 37Cl, *"Cl, *’Cl, 3%]*, 357.1
[M+Na, *>Cl, *>Cl, *>Cl, 30%]*, 359.1 [M+Na, **Cl, *°Cl,
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37C1, 18%]*, 361.1 [M+Na, 3°Cl, 37Cl, 37Cl, 4%]*, 363.1
[M+Na, *’Cl, 2Cl, *'Cl, 1%]*.
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(2)-2-Acetyl-3-amino-4,4,4-trichloro-N-benzylbut-
2-enamide Diphenylboron (30; NBC14)

(Z)-2-Acetyl-3-amino-4,4 4-trichloro-N-benzylbut-2-
enamide (1.13 g, 3.38 mmol) was added to DPBA (0.39 g,
1.13 mmol) suspended in anhydrous THF (4 mL). The
reaction mixture was heated at 50° C. under N, for 16 h. The
reaction mixture was extracted in DCM. The solution was
concentrated and purified by flash column chromatography
(ethyl acetate/n-hexane, 1:7). The collected fractions were
combined, evaporated and stirred in cold n-hexane (15 mL)
for 30 mins. The precipitate was filtered to give 68.7 mg
(12%) of (30) as a yellow solid and exists as a mixture of
rotamers in ~4:1 ratio. mp: 131-132° C.; 'H NMR (300.1
MHz, CDCIl,): 'H NMR (300.1 MHz, CDCl,): 7.85 (br s,
1H, C=C(NH)CCl,), 7.00-7.45 (m, 15H, 3xAryl-H of
major and minor rotamers), 5.87 (br s, 1H, CONH of minor
rotamer), 5.86 (br s, 1H, CONH of major rotamer), 4.77 (d,
2H, NHCH,Ph of minor rotamer), 4.43 (d, J=5.7 Hz, 2H,
NHCH,Ph of major rotamer), 2.36 (s, 3H, CH,CO); *C
NMR (100.1 MHz, CDCl,): 187.2 (CH,CO), 164.5 (C—
C(NH,)CCly), 162.2 (CONH), 136.7 (Ph(ipso)), 131.7
(B-Ph(0)), 128.8 (Ph(m)), 128.4 (Ph(0)), 127.9 (Ph(p)),
127.5 (B-Ph(m)), 127.0 (B-Ph(p)), 1052 (C—
C(NH,)CCly), 92.8 (CCly), 44.8 (NHCH,Ph), 23.4 (CH,
CO), B-Ph quaternary signal not observed; IR: 3303
(N—H), 1631 (C=0), 1596 (C—C, conjugated), 1526
(C=C—NH) cm™'; MS(ES") (m/z): 455.1 [M-Ac, B,
33Cl, 33Cl, *°Cl, 9%]~, 456.2 [M-Ac, ''B, **Cl, *>Cl, *°Cl,
74%]", 457.2 [M-Ac, '°B, *°Cl, **Cl, *"Cl, 40%)]", 458.2
[M-Ac, !B, *°Cl, *°Cl, *’Cl, 100%]", 459.2 [M-Ac, °B,
1, 27CL 27Cl, 17%)]7, 460.2 [M-Ac, ''B, *°Cl, *"Cl, *"C],
18%]~, 461.1 [M-Ac, °B, *’Cl, *’Cl, *"Cl, 4%]", 462.1
[M-Ac, ''B, *7Cl1, *"Cl, *’Cl, 3%] ", 496.2 [M-H, '°B, *°Cl,
»Cl, 2Cl, 50%], 497.2 [M-H, ''B, *3Cl, **Cl, *>C],
73%]-, 498.2 [M-H, '°B, *°Cl, *°Cl, *"Cl, 60%]", 499.2
[M-H, ''B, **Cl, **Cl, *"Cl, 73%], 500.2 [M-H, '°B, *°Cl,
37Cl, 37Cl, 37%], 501.2 [M=H, "B, *°Cl, 37, 37Cl, 18%]",
502.2 [M-H, '°B, "1, *’C1, *’Cl, 3%]", 503.2 [M-H, "'B,
37Cl, 37Cl, 27Cl, 2%]7; MS(ES*) (m/z): 498.1 [M+H, '°B,
1, *°Cl, *3Cl, 13%]7, 499.2 [M+H, ''B, *°Cl, *°Cl, *>C],
80%1*, 500.2 [M+H, '°B, *°Cl, *°Cl, *’Cl, 35%]*, 501.2
[M+H, B, *°Cl, *°Cl, *’Cl, 100%]*, 502.2 [M+H, °B,
1, *7Cl, *3Cl, 26%] T, 503.1 [M+H, ''B, *°Cl, *7Cl, *"C],
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32%]*, 504.1 [M+H, °B, ¥’Cl, *’Cl, ¥’Cl, 5%]*, 505.1
[M+H, B, 3C1, *C1, 27Cl, 3%]*, 520.2 [M+Na, '°B, 35Cl,
35C1, 35CI, 18%]*, 521.2 [M+Na, !'B, 3Cl, 3Cl, 35Cl,
24%]*, 522.2 [M+Na, °B, 33Cl, 33Cl, ¥'Cl, 11%]*, 523.1
[M+Na, ''B, 33Cl, 3°Cl, 2Cl, 19%]*, 524.1 [M+Na, '°B,
35¢1, 37C1, 37Cl, 6%]*, 525.1 [M+Na, 1B, 35Cl, >°Cl, ¥Cl,
4%]*, 526.1 [M+Na, °B, ¥Cl, >’Cl, ¥'Cl, 2%]*, 527.1
[M+Na, B, 'Cl, 27Cl, *'Cl, 1%].
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N-Adamantylacetoacetamide (31)

tert-Butyl acetoacetate (1.49 mL, 9.00 mmol) was sus-
pended in toluene (150 mL). 1-Adamantylamine (1.23 g,
8.20 mmol) was added. The mixture was heated at 150° C.
for 14 h using Dean Stark apparatus. The reaction mixture
was dissolved in Et,O (10 mL) and washed with 1N HCI
(2x10 mL). The organic layer was dried over MgSO, and
concentrated in vacuo. The solid obtained was filtered and
washed with cold Et,O to give 1.05 g (55%) of (31) as an
orange solid. mp: 81-82° C.; '"H NMR (300.1 MHz, CDCL,):
86.50 (brs, 1H, NH), 3.32 (s, 2H, CH,COCH,), 2.26 (s, 3H,
CH,CO), 2.07 (m, 3H, Adamantyl-H,), 2.01 (m, 6H, Ada-
mantyl-H; and Adamantyl-H,), 1.68 (m, 6H, Adamantyl-
H,); *C NMR (100.1 MHz, CDCl,): 204.9 (CH,CO), 164.2
(CONH), 52.1 (Adamantyl-C,), 51.2 (CH,;COCH,), 41.5
(Adamantyl-C5), 36.3 (Adamantyl-C,), 30.9 (CH;CO), 29.4
(Adamantyl-C)); IR: 3310 (N—H), 2903 (Adamantyl CH,
stretch), 2849 (Adamantyl CH, stretch), 1721 (C=O0,
ketone), 1639 (C—O0, amide band I), 1545 (C—0, amide
band 1T) cm™; MS(ES™) (m/z): 270.1 [M+Cl, **Cl, 100%]",
272.2 [M+Cl, *"Cl, 48%]; MS(ES™) (m/z): 236.1 [M+H,
100%]", 471.4 [2M+H, 93%]*, 493.4 [2M+Na, 49%]".

32

Me

=z

CLC NH,

(2)-2-Acetyl-3-amino-4,4,4-trichloro-N-adamantyl-
but-2-enamide (32)

N-Adamantylacetoacetamide (1.05 g, 4.47 mmol) and
trichloroacetonitrile (0.45 ml, 4.47 mmol) were added to a
suspension of zinc acetylacetonate hydrate (12.6 mg, 0.05
mmol) and sodium carbonate (0.48 g, 4.56 mmol) in anhy-
drous DCM (10 mL). The reaction mixture was stirred at
room temperature under N, for 3 h. The precipitate was
filtered, washed with EtOAc to remove sodium carbonate
and concentrated by evaporation in vacuo to give 0.69 g
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(41%) of (32) as a white solid. mp: 105-106° C.; 'H NMR
(300.1 MHz, CDCl,): 8.55 (br s, 2H, NH,,), 5.54 (br s, 1H,
CONH) 2.29 (s, 3H, CH;CO), 2.02 (m, 10H, Adamantyl-H),
1.91 (d, J=2.4 Hz, 1H, Adamantyl-H), 1.64 (m, 7H, Ada-
mantyl-H); IR: 3309 (N—H), 2903 (Adamantyl CH,
stretch), 2849 (Adamantyl CH, stretch), 1633 (C—0), 1617
(C=C, conjugated), 1517 (C=C—NH,) cm™; MS(ES")
(m/z): 377.1 [M-H, *Cl, **Cl, **Cl, 12%]", 379.1 [M-H,
1, *>Cl, *7Cl, 9%], 381.1 [M-H, **Cl, *’Cl, *Cl, 4%,
383.1 [M-H, *’Cl, *’Cl, *’Cl, 1%]~, 413.1 [M+>>Cl, *>C],
33Cl, 33Cl, 91%]7, 414.1 [M+>7Cl, *°Cl, *3Cl, *>Cl, 8%]",
415.1 [M+73Cl, *3Cl, *°Cl, *7Cl, 100%]-, 416.1 [M+>"C],
1, *3Cl, 27CL 15%], 417.1 [M+°Cl, 3¢, 27, 27,
44%]-, 418.1 [M+>7Cl, 33Cl, *7Cl, *"Cl, 13%]", 419.1
[M+>C1, *7C1, *7Cl, *"Cl, 7%]~, 420.2 [M+>"Cl, *’C1, *"Cl,
37Cl, 3%]7; MS(ES*) (m/z): 379.1 [M+H, *°Cl, *°Cl, *°Cl,
100%]*, 381.1 [M+H, *°C1, *°Cl, *Cl, 45%]*, 383.1 [M+H,
*C1,77CL, *7Cl, 13%]7, 385.1 [M+H, *’C1,*Cl,*"Cl, 3%]*,
401.1 [M+Na, *>Cl, *°Cl, **Cl, 81%]*, 403.1 [M+Na, *°Cl,
1, ¥7Cl, 84%]*, 405.1 [M+Na, *°Cl, *’Cl, *’Cl, 19%]*,
407.1 [M+Na, *’Cl, 3Cl, *Cl, 4%]*.

33

Cly

0 N
+
Me)‘jﬁ\?
I-
i1
(NBC17)

(2)-2-Acetyl-3-amino-4,4,4-trichloro-N-adamantyl
but-2-enamide Diphenylboron (33; NBC17)

(Z)-2-Acetyl-3-amino-4,4 4-trichloro-N-adamantylbut-2-
enamide (0.44 g, 1.15 mmol) was added to DPBA (0.26 g,
0.77 mmol) suspended in anhydrous THF (5 mL). The
reaction mixture was heated at 50° C. under N, for 16 h. The
reaction mixture was extracted in DCM. The solution was
concentrated and purified by flash column chromatography
(ethyl acetate/n-hexane, 1:19). The collected fractions were
combined, evaporated and stirred in cold n-hexane (15 mL)
for 30 mins. The precipitate was filtered to give to 0.14 g
(33%) of (33) as a yellow solid. mp: 115-116° C.; '"H NMR
(300.1 MHz, CDCl,): 7.73 (br s, 1H, C—C(NH)CCl,),
7.12-7.33 (m, 10H, Aryl-H), 5.08 (br s, 1H, CONH), 2.29 (s,
3H, CH;CO), 1.99 (m, 3H, Adamantyl-H), 1.87 (m, 6H,
Adamantyl-H), 1.59 (m, 6H, Adamantyl-H); IR: 3318
(N—H), 2909 (Adamantyl CH, stretch), 2851 (Adamantyl
CH, stretch), 1638 (C—0), 1603 (C—C, conjugated), 1526
(C=C—NH) cm™; MS(ES™) (m/z): 540.2 [M-H, '°B, >>C],
3Cl, 33CL 10%]7, 541.2 [M-H, B, 3°Cl, **Cl, **Cl,
100%]~, 542.2 [M-H, '°B, *Cl, >°Cl, *’Cl, 45%]~, 543.2
[M-H, ''B, **Cl, **Cl, >’Cl, 64%], 544.2 [M-H, '°B, *°Cl,
37Cl, 37CL 23%]5, 545.2 [M-H, !B, *°Cl, *’Cl, *Cl,
33%], 546.2 [M-H, '°B, *’Cl, *’Cl, *’Cl, 3%]~, 547.2
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[M-H, "B, >C1, ¥’Cl, >’Cl, 2%]~; MS(ES*) (m/z): 542.2
[M+H, '°B, 35C1, 35C1, 2°Cl, 22%]*, 543.2 [M+H, ''B, 35Cl,
35C1, 35C1, 100%]*, 544.2 [M+H, '°B, 35Cl, 35Cl, ¥'Cl,
39%]*, 545.2 [M+H, B, C1, 3°Cl, 'Cl, 70%]*, 546.2
[M+H, '°B, 35C1, 37Cl, 2>Cl, 35%]*, 547.2 [M+H, "B, 35Cl,
37C1, 37C1, 24%]*, 548.2 [M+HL, 1°B, 37C1, 37C1, ¥Cl, 11%]*,
549.2 [M+H, "B, 27C1, *’Cl, 2"Cl, 2%]*, 534.1 [M+Na, '°B,
35C1, 35C1, 3°Cl, 15%]*, 535.1 [M+Na, 1B, 3°Cl, >°Cl, >°Cl,
41%]*, 536.1 [M+Na, '°B, 3Cl, 3C1, ¥’Cl, 10%]*, 537.1
[M+Na, ''B, 33Cl, 3°Cl, 27Cl, 33%]*, 538.1 [M+Na, '°B,
35C1,37C1, 37Cl, 14%]*, 539.1 [M+Na, !B, 3°Cl, >"Cl, *’Cl,
26%]*, 540.1 [M+Na, 1°B, *'Cl, 37Cl, ¥'Cl, 3%]*, 540.1
[M+Na, 1B, 3’Cl, 37Cl, >'Cl, 2%]*.

34
(€] (€]

A

H

N-Phenylacetoacetamide (34)

tert-Butyl acetoacetate (1.49 mL, 9.00 mmol) was sus-
pended in toluene (150 mL). Aniline (0.74 mL., 8.20 mmol)
was added. The mixture was heated at 150° C. for 14 h using
Dean Stark apparatus. The reaction mixture was dissolved in
Et,O (20 mL) and washed with IN HCI (2x10 mL). The
aqueous layers were combined and basified aqueous NaOH
50% (w/v). Once neutralised (pH=7-8), the aqueous layer
was extracted with EtOAc. The extract was dried over
MgSO, and concentrated in vacuo affording a pure solid.
The organic layer was also dried over MgSO,, and concen-
trated in vacuo to recover product. The solid obtained from
the organic phase was filtered, washed with cold Et,O and
combined with the solid obtained from the water phase to
give 0.82 g (56%) of (34) as an orange solid. mp: 81-83° C.;
'"H NMR (300.1 MHz, CDCl,): 8 9.13 (br s, 1H, NH), 7.56
(d, J=8.1 Hz, 2H, Ph(0)), 7.34 (1, J=7.8 Hz, 2H, Ph(m)), 7.14
(t, J=7.4 Hz, 1H, Ph(p)), 3.61 (s, 2H, CH,COCH,), 2.34 (s,
3H, CH,CO); *C NMR (100.1 MHz, CDCl,): 205.2 (CH,
CO0), 163.3 (CONH), 137.5 (Ph(ipso)), 129.0 (Ph(m)), 124.6
(Ph(p)), 120.2 (Ph(0)), 49.7 (CH;COCH,), 31.3 (CH,CO);,
IR: 3253 (N—H), 1710 (C=0, ketone), 1659 (C—0, amide
band I), 1598 (C=0, amide band II) cm™"; MS(ES™) (m/z):
204.0 [M-H, 100%]~; MS(ES*) (m/z): 164.1 [M-C,H,0,
47%]* 206.1 [M+H, 100%]*, 228.0 [M+Na, 68%]", 244.0
[M+K, 62%]*.

35
(€] (€]
Me N
| H
ClL3C NH,
(2)-2-Acetyl-3-amino-4,4,4-trichloro-N-phenylbut-
2-enamide (35)

N-Phenylacetoacetamide (0.82 g, 4.61 mmol) and trichlo-

roacetonitrile (0.46 mL, 4.61 mmol) were added to a sus-
pension of zinc acetylacetonate hydrate (13.0 mg, 0.05
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mmol) and sodium carbonate (0.50 g, 4.71 mmol) in anhy-
drous DCM (10 mL). The reaction mixture was stirred at
room temperature under N, for 3 h. The precipitate was
filtered, washed with EtOAc to remove sodium carbonate
and concentrated by evaporation in vacuo to give 0.62 g
(42%) of (35) as a cream solid. mp: 105-107° C.; "H NMR
(300.1 MHz, CDCl,): 8.73 (br s, 2H, NH,), 7.72 (br s, 1H,
CONH), 7.50 (d, J=8.1 Hz, 2H, Ph(0)), 7.30 (t, J=7.8 Hz,
2H, Ph(m)), 7.10 (t, J=7.4 Hz, 1H, Ph(p)), 2.32 (s, 3H,
CH,CO); >C NMR (100.1 MHz, CDCl,): 197.6 (CH,CO),
165.5 (C=C(NH,)CCl,), 157.0 (CONH), 137.8 (Ph(ips0)),
129.2 (Ph(m)), 125.0 (Ph(p)), 119.9 (Ph(0)), 105.4 (C—
C(NH,)CCly), 93.4 (CCly), 28.6 (CH,CO); IR: 3267
(N—H), 1647 (C=0), 1617 (C—=0), 1595 (C—C, conju-
gated), 1528 (C=C—NH,) cm™'; MS(ES™) (m/z): 319.0
[M-H, *3Cl, *>Cl, *°Cl, 100%]", 321.0 [M-H, *°Cl, **Cl,
*7Cl, 65%], 323.0 [M-H, *°Cl, *’Cl, *’Cl, 30%]", 325.0
[M-H, *Cl, *’Cl, *’Cl, 3%]"; MS(ES*) (m/z): 227.9
[M-C,HN, *3Cl, >°Cl, *Cl, 61%]*, 229.9 [M-C.HyN,
1, *Cl, *7Cl, 47%], 231.9 [M-C4HN, *>Cl, *7Cl, *7Cl,
12%]*, 233.0 [M-C.HN, *7Cl, *7Cl, *"Cl, 5%]*, 279.1
[M-C,H,0, *3Cl, >°Cl, **Cl, 34%]*, 281.0 [M-C,H,0,
3Cl, *3Cl, *7Cl, 4%]*, 283.0 [M-C,H,0, *°Cl, *’Cl, *Cl,
3%]*, 285.0 [M-C,H,0, *’Cl, *’Cl, *’Cl, 2%]*, 321.0
[M+H, 33Cl, *>Cl, *°Cl, 100%]*, 323.0 [M+H, *°Cl, *°Cl,
*7Cl, 72%], 325.0 [M+H, *°Cl, *7Cl, *’Cl, 18%]*, 327.0
[M+H, *7Cl1, *’Cl, *"Cl, 2%]*, 343.0 [M+Na, **Cl, *°Cl,
33Cl, 24%]*, 345.0 [M+Na, **Cl, **Cl, 3"Cl, 15%]*, 347.0
[M+Na, *>Cl, *’Cl, *’Cl, 4%]*, 349.0 [M+Na, *’Cl, *Cl,
37Cl, 2%]*.

36

o HN
Me)‘tf\(lf
I-
ClsC N~ @
i
(NBC13)

(2)-2-Acetyl-3-amino-4,4,4-trichloro-N-phenylbut-
2-enamide Diphenylboron (36; NBC13)

(Z)-2-Acetyl-3-amino-4,4 4-trichloro-N-phenylbut-2-
enamide (0.62 g, 1.94 mmol) was added to DPBA (0.37 g,
1.06 mmol) suspended in anhydrous THF (4 mL). The
reaction mixture was heated at 50° C. under N, for 16 h. The
reaction mixture was extracted in DCM. The solution was
concentrated and purified by flash column chromatography
(ethyl acetate/n-hexane, 1:7). The collected fractions were
combined, evaporated and stirred in cold n-hexane (15 mL)
for 30 mins. The precipitate was filtered to give to 0.21 g
(41%) of (36) as a yellow solid. mp: 131-133° C.; '"H NMR
(300.1 MHz, CDCl,): 7.96 (br s, 1H, C—C(NH)CCl,),
7.12-7.48 (m, 16H, 3xAryl-H and CONH), 2.46 (s, 3H,
CH,CO); °C NMR (100.1 MHz, CDCl,): 187.6 (CH,CO),
162.5 (C=C(NH,)CCl,), 162.4 (CONH), 137.4 (Ph(ipso)),
131.7 (B-Ph(0)), 129.2 (Ph(m)), 127.6 (B-Ph(m)), 127.2
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(Ph(p)), 125.1 (B-Ph(p)), 119.7 (Ph(o)), 1064 (C—
C(NH,)CCly), 92.8 (CCl,), 23.4 (CH,CO), B-Ph quaternary
signal not observed; IR: 3350 (N—H), 1654 (C—0), 1596
(C=C, conjugated), 1520 (C—=C—NH) cm™'; MS(ES")
(m/z): 4822 [M-H, '°B, *°Cl, **Cl, **Cl, 13%]", 483.2
[M-H, !B, *°Cl, *°Cl, *°Cl, 63%]", 484.2 [M-H, '°B, >*Cl,
*3Cl, ¥7Cl, 29%]7, 485.1 [M-H, ''B, *3Cl, *>Cl, *"C],
100%], 486.2 [M=H, '°B, **Cl, *"Cl, *’Cl, 15%]", 487.2
[M-H, ''B, *"Cl,*’Cl, >"Cl, 23%] ", 488.1 [M-H, '°B, *Cl,
*7Cl1, *7Cl, 3%], 489.1 [M-H, B, *’Cl, *’Cl, *’Cl, 1%];
MS(ES*) (m/z): 484.1 [M+H, '°B, *>Cl, *Cl, *°Cl, 5%]*,
485.1 [M+H, B, 3>Cl, *°Cl, *°Cl, 37%]*, 486.1 [M+H, '°B,
*3Cl, *3ClL, 27Cl, 12%]*, 487.1 [M+H, ''B, *°Cl, *°Cl, *"C],
28%]*, 488.1 [M+H, '°B, *>Cl, *"Cl, *>Cl, 4%]*, 489.1
[M+H, ''B, >°Cl1, *’Cl, *>"Cl, "'%]*, 490.2 [M+H, '°B, *"Cl,
*7Cl, *7Cl, 3%]*, 491.2 [M+H, B, *7Cl, °Cl, *"Cl, 1%]*,
506.1 [M+Na, '°B, >°Cl, *°Cl, **Cl, 38%]*, 507.1 [M+Na,
1B, 351, 33C1, *°Cl, 100%]*, 508.1 [M+Na, °B, **Cl, **Cl,
37Cl, 43%]*, 509.1 [M+Na, ''B, *Cl, **Cl, *’Cl, 78%]*,
510.1 [M+Na, 1°B, 3°C1, *7Cl, *’Cl, 19%]*, 511.1 [M+Na,
1B, 3¢, *7Cl, *7Cl, 26%]*, 512.1 [M+Na, '°B, *’Cl, *"Cl,
37Cl, 3%]*, 513.1 [M+Na, B, *’Cl, *’Cl, *’Cl, 2%]*.

37
NH,

NC

CLC NH,

(2)-2-Cyano-3-amino-4,4,4-trichlorobut-2-enamide (37)
was prepared by a revised method to that described by
Ibrahim et al, 198527, Cyanoacetamide (1.68 g, 20 mmol)
and trichloroacetonitrile (2 mL., 20 mmol) were added to a
suspension of sodium acetate (1.64 g, 20 mmol) and anhy-
drous ethanol (100 mL). The reaction mixture was stirred at
room temperature under N, for 16 h. The reaction mixture
was dissolved in water, the precipitate was filtered and
recrystallized from EtOH to give 0.45 g (10%) of (37) as a
cream solid. mp: 124-126° C. (lit.” 152 OC); 'H NMR
(300.1 MHz, d,-MeOH): 11.08 (br s, 1H, NH,), 8.79 (br s,
1H, NH,), 7.43 (br s, 1H, CONH), 7.20 (br s, 1H, CONH);,
1R: 3323 (N—H), 3198 (N—H), 2197 (C=N), 1660 (C=0),
1593 (C=C, conjugated) cm™'; MS(ES™) (m/z): 225.9
[M-H, *3Cl, 3>Cl, **Cl, 71%]~, 227.9 [M-H, *Cl, **Cl,
*7Cl, 100%]7, 229.9 [M-H, *>Cl, *’Cl, *’Cl, 22%]~, 231.9
[M-H, 37Cl, *"Cl, *’Cl, 3%]".

38
NI,
NC
\O+
|l
ClsC N~ @
i
(NBC18)

(£)-2-Cyano-3-amino-4,4,4-trichlorobut-2-enamide
Diphenylboron (38; NBC18)

(E)-2-Cyano-3-amino-4,4,4-trichlorobut-2-enamide (0.36
g, 1.58 mmol) was added to DPBA (0.36 g, 1.04 mmol)
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suspended in anhydrous THF (5 mL). The reaction mixture
was heated at 50° C. under N, for 16 h. The reaction mixture
was extracted in DCM. The solution was concentrated and
purified by flash column chromatography (ethyl acetate/n-
hexane, 1:9) to give 0.30 g (74%) of (38) as a grey solid. mp:
153-155° C.; "H NMR (300.1 MHz, CDCl,): 7.66 (br s, 1H,
C—C(NH)CCl,), 7.16-7.30 (m, 10H, Aryl-H), 6.48 (br s,
1H, CONH,), 5.98 (br s, 1H, CONH,); *C NMR (100.1
MHz, CDCl,): 170.5 (C—=C(NH)CCl,), 163.9 (CONH),
130.6 (B-Ph(0)), 126.7 (B-Ph(m)), 126.3 (B-Ph(p)), 114.4
(CN), 90.8 (CCly), 63.3 (C—C(NH,)CCl,); IR: 3385
(N—H), 3353 (N—H), 2227 (C=N), 1649 (C=0), 1596
(C=C, conjugated), 1524 (C—=C—NH) cm™!; MS(ES")
(m/z): 389.1 [M-H, '°B, *°Cl, **Cl, **Cl, 19%]-, 390.1
[M-H, "B, **Cl, **Cl, **Cl, 100%]~, 391.1 [M-H, '°B,
33Cl, 33Cl, 37CL, 22%)]7, 392.1 [M-H, !B, *3Cl, *>Cl, *"Cl,
63%]", 393.1 [M-H, '°B, *>Cl, *’Cl, *’Cl, 21%]", 394.1
[M-H, ''B, **Cl, *’Cl, >"Cl, 27%]~, 395.1 [M-H, '°B, *Cl,
37Cl, 37Cl, 2%]7, 396.2 [M-H, B, *’Cl, *’Cl, *’Cl, 3%]";
MS(ES*) (n/2): 413.0 [M+Na, '°B, *°Cl, **Cl, *>Cl, 14%]*,
414.0 [M+Na, B, 33Cl, 3°Cl, °Cl, 67%]*, 415.0 [M+Na,
198, 31, *Cl, *’Cl, 24%]*, 416.0 [M+Na, ''B, *°Cl, *°Cl,
37Cl, 100%]*, 417.0 [M+Na, 1°B, *Cl, 37Cl, 3"Cl, 11%]*,
418.1 [M+Na, ''B, *Cl, *’Cl, *’Cl, 18%]*, 419.1 [M+Na,
198, 37Cl, *7Cl, *7Cl, 4%]*, 420.1 [M+Na, ''B, *’Cl, *’Cl,
37Cl, 3%]*.

Further Synthetic Procedures

Scheme 1 - General enaminones synthesis from 1,3-dicarbonyls and nitriles.

R
R

O _r
—_— (@]
R"\/K
O

R NH,

(ii)

(i) RCN, Zn(acac),/SnCly, Na,CO3, DCM/toluene, r.t. -80° C., 3-16 h; (ii)
K>CO3s EtOH, 1t.,, 24 h

General Procedure for Enaminone Reaction Using Zn(acac)

An appropriate nitrile (1 eq) was added to a suspension
containing 1,3-dicarbonyl (1 eq), Zn(acac), (1-2% mol) and
Na,CO; (1.1 eq) in anhydrous DCM (5 mL). The mixture
was stirred at room temperature under N, for 3 h, unless
otherwise stated. DCM/EtOAc (15 mlL) was added and the
mixture washed with H,O, dried over MgSO,, and concen-
trated in vacuo.

For deacetylated compounds, K,CO;,,,, (10 mL) and
EtOH (5 mL) was then added and the mixture was stirred at
room temperature for 24 h. The mixture was extracted with
EtOAc, dried over MgSO, and concentrated in vacuo. Alter-
natively, acetylated enaminones were passed through SiO,
by flash column chromatography to give the corresponding
deacetylated products.

General Procedure for Enaminone Reaction Using SnCl,

An appropriate nitrile (1 eq) was added to a suspension
containing 1,3-dicarbonyl (1 eq) and Na,CO; (1.1 eq) in
anhydrous toluene (10 mL). For deacetylated products,
addition of Na,CO; was omitted. SnCl, (1 eq) was slowly
added and the mixture was stirred at room temperature under
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N, for 30 min. The mixture was then heated to 80° C. and
stirred for 4 h, unless otherwise stated. MeCN (20 mL) was
added to dissolve the gummy solid, filtered to remove
Na,CO;, concentrated in vacuo and dried under vacuum
overnight. After 16 h, boiling CHCl; (20 mL) was added and
refluxed for 1 h. The solid was filtered and dried under
vacuum.

(2)-2-Acetyl-3-amino-4,4,4-trichlorobut-2-enamide
(39)
39
0 NH,
Me (6]
CLC NH,

Yield: 54%, white solid. mp: 108-110° C.; ‘H NMR
(300.1 MHz, CDCl,): 8 8.75 (br s, 2H, NH,,), 6.02 (br s, 1H,
CONH,), 5.95 (br s, 1H, CONH,), 2.38 (s, 3H, CH;CO);
13C NMR (100.6 MHz, CDCL,): § 197.2 (CH,CO), 169.9
(CONH,), 156.7 (C1,C(NH,)C—C), 104.0 (C1,C(NH,)C—
0©), 93.3 (CCly), 28.5 (CH,CO); IR: 3417 (N—H), 3310
(N—H), 3209 (N—H), 1651 (C=0), 1592 (C=C, conju-

gated) cm™.

Tert-Butyl (Z)-2-acetyl-3-amino-4,4,4-trichlorobut-
2-enoate (40)

40
(€] O'Bu

Me @]

CLC NH,

Yield: 88%, cream solid. mp: 75-76° C.; "H NMR (300.1
MHz, CDCl,): & 2.31 (s, 3H, CH,CO), 1.55 (s; 9H, (C
H,),C); *C NMR (100.1 MHz, CDCl,): 8 196.7 (CH,CO),
167.3 (C=C(NH,)CCl,), 157.5 (CONHCH,), 104.1 (C—
C(NH,)CCl,), 93.4 (CCly), 82.4 ((CH;);0), 29.1 (CH,CO),
27.7 ((CH;);0); IR: 3310 (N—H), 2979 (N—H), 1712
(C=0), 1673 (C=0), 1605 (C=C, conjugated) cm™;
MS(ES™) (m/z): 300.0 [M-H, **Cl, *°Cl, **Cl, 86%]~, 301.9
[M-H, 33Cl, *>Cl, *"Cl, 100%]", 304.0 [M-H, *°Cl, *"Cl,
*7C1, 39%], 306.0 [M-H, *Cl, *’Cl, *’Cl, 5%]~; MS(ES*)
(m/z): 227.8 [M-OBu, **Cl, *Cl, *°Cl, *%]*, 229.8
[M-O"Bu, *>Cl, **Cl, *’Cl, ™*%]*, 231.8 [M-OBu, *°Cl,
37C1, 27C, 25%]%, 233.8 [M-O"Bu, *’Cl, *7Cl, *7Cl, *%]*,
323.9 [M+Na, **Cl, *°Cl, *>Cl, 10%]*, 325.9 [M+Na, *>Cl,
*3Cl, 27Cl, 13%]*, 327.9 [M4+Na, *Cl, *’Cl, *"Cl, 3%]*,
329.9 [M+Na, *’Cl, *’Cl, *’Cl, 1%]*; HRMS (m/z):
[M+Na]* caled. for C,H,,**CI,NO;Na, 323.9931; found,
323.9931, error: 0.0 ppm.
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General Reaction Scheme for Oxazaborinine Synthesis

Scheme 2 - Synthesis of oxazaborinines from enaminones.

R
R’ R,
\ O+
H | |
O B
R N~
H
R NH,

(i) DPBA, THF, 50° C., 16 h.

General Procedure for Oxazaborinine Reaction

An appropriate enaminone (3 eq) was added to a solution
of DPBA (1 eq) in anhydrous THF (5 mL). The mixture was
stirred at 50° C. under N, for 16 h. The mixture was
concentrated in vacuo and purified by flash column chro-
matography. The collected fractions were combined, evapo-
rated in vacuo and stirred in cold n-hexane (15 mL) for 30
mins. The precipitate was then filtered and dried under
vacuum to give the corresponding oxazaborinine products.

5-(tert-Butoxycarbonyl)-2,2-di phenyl-6-methyl-4-
(trichloromethyl)-2,3-dihydro-1,3,2-oxazaborinin-1-
ium-2-uide (41; NBC25)

41
) 0'Bu
Me | = (l)+
B
ClsC N~ @
i
(NBC25)

Ethyl acetate/n-hexane, 1:9. Yield: 35%, yellow solid.
mp: 147-149° C.; 'H NMR (300.1 MHz, CDCL,): § 7.86 (br
s, 1H, C=C(NH)CCl,), 7.15-7.32 (m, 10H, 2xPh-H), 2.34
(s, 3H, CH,CO), 1.42 (s, 9H, (CH;);C); '*C NMR (100.1
MHz, CDCl,): & 187.2 (CH,CO), 164.4 (C—=C(NH)CCl,),
163.3 (COO), 131.7 (B-Ph(0)), 127.5 (B-Ph(m)), 126.9
(B-Ph(p)), 103.8 (C—=C(NH)CCl,), 933 (CCl;), 82.8
((CH;);50), 27.8 ((CH;)50), 24.3 (CH;CO); B-Ph(i) quater-
nary signal not observed; IR: 3310 (N—H), 1715 (C=0),
1597 (C—=C, conjugated); MS(ES™) (m/z): 463.1 [M-H,
9B, 33C1, *Cl, *3Cl, 8%], 464.1 [M-H, ''B, *°Cl, **Cl,
¥Cl, 64%]7, 465.1 [M-H, '°B, *Cl, *3Cl, *’Cl, 32%],
466.1 [M-H, B, *°Cl, **Cl, *’Cl, 100%]", 467.1 [M-H,
0B, 31, *7Cl, *7Cl, 32%], 468.1 [M-H, B, **Cl, *"Cl,
*7C1, 20%], 469.1 [M-H, '°B, *’C1,?"Cl, *’Cl, 5%]~, 470.1
[M-H, 'B, *’Cl, *"Cl, *"Cl, 3%]~; HRMS (m/z): [M+Na]*
caled. for C,,H,;"'B**CI,NO,Na, 488.0729; found,
488.0729, error: 0.0 ppm.
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6-Amino-5-carbamoyl-2,2-diphenyl-4-(trichlorom-
ethyl)-2,3-dihydro-1,3,2-oxazaborinin-1-ium-2-uide

(42, NBC24)
4
) NI,
LN | \(l)+
B
ClsC ﬁ/ @
(NBC24)

Crude enaminone product was directly borylated using
DPBA due to difficulty in purification. Ethyl acetate/n-
hexane, 1:9. Yield: 13%, yellow solid. mp: 155-156° C.; 'H
NMR (300.1 MHz, DMSO-d,): d 8.80 (br s, 1H, CONH,),
8.21 (br s, 1H, CONH,), 7.33 (d, J=6.6 Hz, 4H, B-Ph(0) &
br s, 1H, CONH,), 7.05-7.24 (m, 7H, B-Ph(m/p) & CON
H,); *C NMR (100.6 MHz, DMSO-d,): 8 169.0 (CONH,),
167.5 (CI,C(NH)C—C), 160.2 (CONH,), 131.6 (B-Ph(0)),
126.7 (B-Ph(m)), 125.7 (B-Ph(p)), 93.5 (CCl,), 89.6 (C1;C
(NH)C—C), B-Ph quaternary signal not observed; IR: 3484
(N—H), 3419 (N—H), 3345 (N—H), 3318 (N—H), 1653
(C=0), 1614 (C—=C, conjugated), 1559 (C—C—NH)
em™'; MS(ES™) (m/z): 407.0 [M-H, '°B, *3Cl, *>Cl, *>CI,
12%], 408.0 [M-H, ''B, **Cl, **Cl, **Cl, 100%]", 409.0
LM—H, 19, 33C1, *>Cl, 3"Cl, 19%l‘, 410.0 [M-H, "B, *°Cl,
>Cl1,%7Cl, 68%]", 411.0 [M-H, '°B, **Cl, *’Cl, *’Cl, 5%]",
412.0[M-H, "B, 3Cl,*"C1,%"Cl, 21%] ", 413.0 [M-H, '°B,
37C1, 27, 27, 3%, 414.0 [M-H, "B, *7Cl, *7Cl, 7],
3%]~; MS(ES™) (m/z): 330.9 [M-Ph, '°B, **Cl, *°Cl, *>Cl,
6%]*, 331.9 [M-Ph, MBg 33Cl, *3Cl, *°Cl, 62%]*, 332.9
LM_Phg 1°Bi >Cl, >Cl1, *’Cl, 10%]*, 333.9 [M-Ph, ''B,
3Cl,33Cl, *’Cl, 34%]*, 334.9 [M-Ph, 10]5’7, *Cl, *7Cl1,7Cl,
3%]*, 335.9 LM—Ph,7 11Bé *>Cl, *7Cl, *7Cl, 8%]*, 337.0
LM_Phi o8, 37Cl, 37Cl, *"Cl, 3%]*], 338.1 [M-Ph, ''B,
Cl, *’Cl, *7Cl, 4%]*, 409.0 [M+H, '°B, *Cl, *°Cl, **Cl,
5%]%, 410.0 [M+H, "B, *Cl, *°Cl, **Cl, 11%]*, 411.0
LM+H, 1o, 3°Cl, *°Cl, *7Cl, 7%J+, 412.0 M+Hé R, 35Cy,
3Cl1,*7Cl, 12%]*, 413.0 LM+H B, *°Cl, *"Cl, *"Cl, 3%]*,
414.1 [M+H, "B, *°Cl1, *'C], 37C1, 4%]]", 415.1 [M+H, '°B,
37C1, 27CL, 7L, 2%, 416.1 [M+H, U'B, *7Cl, *7Cl, *7Cl,
1%]*, 431.0 LM+Naé 9B, 33Cl1, *°Cl, *°Cl, 3%]*, 432.0
LM+Na5, ”B% 3Cl, *°Cl, *Cl, 40%]*, 433.0 [M+Na, '°B,
3Cl, *3Cl, *7Cl, 8%]™, 434.0 [M+Na, ''B, >°Cl, *°Cl, *"Cl,
18%]*, 435.0 M+Na7, 1°B,7 3Cl, *7Cl, 3;7C1, 5%]*, 436.0
LM+Na7, HBi Cl, >7Cl, *’Cl, 6%]*, 437.0 [M+Na, '°B,
Cl, *7Cl, *7Cl, 2%]*, 438.0 [M+Na, ''B, *"Cl, *’Cl, *"Cl,
1%]*; HRMS (m/z): [M+H]* caled. for
C,,H,s'B*CI,N,0,, 410.0396; found, 410.0396, error:
0.0 ppm.

4-(tert-Butyl)-6-methyl-2,2-diphenyl-2,3-dihydro-1,
3,2-oxazaborinin-1-ium-2-uide (43; NBC28)

43
Me

|
B
Bu N~
i

(NBC28)
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Crude enaminone product was directly borylated using
DPBA due to difficulty in purification. Ethyl acetate/n-
hexane, 2:23. Yield: 3%, white solid. mp: 121-122° C.; 'H
NMR (300.1 MHz, CDCl,): § 7.08-7.33 (m, 10H, 2xPh-H),
6.78 (brs, 1H, C=C(NH)C(CHy,)5), 5.23 (d, J gy nz/2.1 Hz,
1H, C—CH), 2.02 (s, 3H, CH,CO), 1.16 (s, 9H, (CH;);0);
13C NMR (100.1 MHz, CDCl,): & 178.7, 178.6, 130.6
(B-Ph(0)), 126.2 (B-Ph(m)), 125.1 (B-Ph(p)), 92.5 (C=
C(NH)CCL,), 35.9 ((CH3):0), 26.5 ((CH3);C), 23.0 (CH,
CO); B-Ph(i) quaternary signal not observed; IR: 3381
(N—H), 1610 (C=—C, conjugated), 1519 (C—C—NH)
em™'; MS(ESY) (m/z): 303.1 [M-H, '°B, 27%]", 304.1
[M-H, "B, 100%]"; MS(ES*) (m/z): 227.1 [M-Ph, '°B,
52%]*, 228.1 [M-Ph, B, 100%]*, 3052 [M+H, '°B,
19%]*, 306.1 [M+H, ''B, 77%]*, 327.1 [M+Na, '°B, 5%]*,
328.1 [M+Na, B, 24%]"; HRMS (m/z): [M+Na]* calcd.
for C,,H,,"" BNONa, 328.1843; found, 328.1841, error: 0.6
ppm.

5-Acetyl-6-methyl-2,2 4-triphenyl-2,3-dihydro-1,3,
2-oxazaborinin-1-ium-2-uide (44; NBC23)

44

(NBC23)

Crude enaminone product was directly borylated using
DPBA due to difficulty in purification. Ethyl acetate/n-
hexane, 1:9. Yield: 17%, white solid. mp: 160-163° C.; ‘H
NMR (300.1 MHz, CDCL,): 8 7.47-7.52 (m, 5H, Ph-H), 7.43
(d, J=5.7 Hz, 4H, B-Ph(0)), 7.19-7.37 (m, 6H, B-Ph(m/p)),
7.16 (br s, 1H, C=C(NH)Ph), 2.50 (s, 3H, CH,CO), 1.48 (s,
3H, CH,CO); >C NMR (100.1 MHz, CDCl,): 8 196.6 (CH,
CO), 186.0 (CH,CO), 169.0 (C=C(NH)Ph), 135.4 (Ph(i)),
131.8 (Ph(p)), 130.8 (B-Ph(0)), 128.7 (Ph(m)), 126.8 (Ph
(0)), 1264 (B-Ph(m)), 125.6 (B-Ph(p)), 1139 (C=
C(NH)Ph), 31.3 (CH;CO), 23.5 (CH,CO); B-Ph(i) quater-
nary signal not observed; IR: 3208 (N—H), 1638 (C—0),
1628 (C=0) cm™; MS(ES") (m/z): 366.0 [M-H, "B,
100%]~; MS(ES*) (m/z): 368.0 [M+H, ''B, 100%]*, 390.0
[M+Na, B, 70%]*; HRMS (m/z): [M+Na]* calcd. for
C,,H,,' 'BNO,Na, 390.1636; found, 390.1634, error: 0.5
ppm.

5-(tert-Butoxycarbonyl)-4-(ethylthio)-2,2-diphenyl-
6-methyl-2,3-dihydro-1,3,2-oxazaborinin-1-ium-2-
uide (45; NBC26)

45
O'Bu

)
Me | g
S N~

B A

(NBC26)
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Crude enaminone product was directly borylated using
DPBA due to difficulty in purification. Ethyl acetate/n-
hexane, 1:9. Yield: 30%, white solid. mp: 145-148° C.; 'H
NMR (300.1 MHz, CDCl,): & 7.30 (d, J=5.7 Hz, 4H,
B-Ph(0)), 7.10-7.20 (m, 6H, B-Ph(m/p)), 6.70 (br s, 1H,
C—C(NH)SCH,CH,), 2.70 (q, J=7.5 Hz, 2H, CH,CH,S),
2.37 (s, 3H, CH,CO), 1.40 (s, 9H, (CH;);C), 1.30 (t, I=7.5
Hz, 3H, CH,CH,S); >C NMR (100.1 MHz, CDCL,): &
184.0 (CH,CO), 1734 (CO0O), 1655 (C=
C(NH)SCH,CH,), 131.8 (B-Ph(0)), 127.4 (B-Ph(m)), 126.5
(B-Ph(p)), 97.1 (C—=C(NH)CCl,), 82.1 ((CH,),C), 28.4
((CH;);0), 25.5 (CH,CH,S), 24.3 (CH,CO), 11.9 (CH,
CH,S); B-Ph(i) quaternary signal not observed; IR: 3364
(N—H), 1660 (C—0), 1556 (C—C, conjugated), 1552
(C=C—NH) cm™; MS(ES") (m/z): 408.2 [M-H, !B,
100%]~;  HRMS  (m/z): [M+Na]*  caled. for
C,;H,, 'BNO,SNa, 432.1775; found, 432.1774, error: 0.2

General Reaction Scheme for Oxazaborinine Synthesis

Scheme 4 - Synthesis of oxazaborinines from secondary amides and
substituted esters. The synthesis of disubstituted tertiary amides can
also be achieved under the same reaction conditions.

(€] O'Bu (€]

NHR
R
Nor NHR
| | () R
B 6]
ClsC N~
H
Cl,C NI,

(i) RNH,, toluene, 125° C., 16 h; (ii) C13CCN, Zn(acac),, Na;CO3, DCM, r.t., 3 b
(ii1) DPBA, THF, 50° C., 16 h. Cy = cyclohexyl, Ad = adamantyl, Pyr = pyrene,
Py = pyridyl.

General Procedure for Acetoacetamide-Based Oxazabori-
nine Derivative

Unless otherwise stated, an appropriate primary amine (1
eq) was added to a solution of tert-butyl acetoacetate (1.1 eq)
in toluene (150 mL) or DMF (5 mL). The mixture was
stirred at 50° C. under N, for 16 h. Solvent was evaporated
in vacuo and the residue was dissolved in Et,O/DCM (20
mL), washed with IN HCl,,,, (2x10 mL), dried over MgSO,,
and evaporated in vacuo. All further reactions were con-
ducted in the same manner as previously described for the
general procedures for the enaminone reaction and oxaza-
borinine reaction to give the corresponding oxaborinine
products.
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N-Cyclohexylacetoacetamide (46)

46

Me MO

Yield: 78%, brown solid. mp: 65-67° C.; '"H NMR (300.1
MHz, CDCl,): 6 7.08 (br s, 1H, NH), 3.70 (p, J=3.6 Hz, 1H,
—CHCH,CH,CH,CH,CH,—), 3.36 (s, 2H, CH,COCH,),
2.20 (s, 3H, CH,CO); 1.82 (d, J=11.7 Hz, 2H, —CHC
H,(CH,);CH,—), 1.04-1.70 (m, 8H, —CHCH,(CH,),C
H,—); °C NMR (100.1 MHz, CDCl,): 8 204.8 (CH,CO),
1643 (CONH), 49.9 (CH,COCH,), 48.2 (—CH (CH,),
(CH,),CH,—), 32.8 (—CH(CH,),(CH,),CH,—), 31.0
(CH,CO), 25.5 (—CH(CH,),(CH,),CH,), 24.7 (—CH
(CH,),(CH,),CH,—); IR: 3290 (N—H), 2932 (C—H),
2855 (C—H), 1716 (C—=0, ketone), 1638 (C—0, amide
band I), 1543 (C=0, amide band II) cm™"; MS(ES™) (m/z):
184.1 [M+H, 100%]", 206.1 [M+Na, 82%]*. HRMS (m/z):
[M+H]* caled. for C, H, {NO,, 184.1332; found, 184.1329,
error: 1.6 ppm.

(Z)-2-Acetyl-3-amino-4,4 4-trichloro-N-cyclohexyl-
but-2-enamide (47)

47

Cl,C NH,

Yield: 93%, brown solid. mp: 109-111° C. (dec); "H NMR
(300.1 MHz, CDCl,): 8 8.66 (br s, 1H, NH,), 5.83 (d, J=7.5
Hz, 1H, NH), 3.81-3.97 (m, J=3.6 Hz, 1H, —C
HCH,CH,CH,CH,CH,—), 2.32 (s, 3H, CH,CO); 1.95-2.08
(m, 2H, —CHCH,(CH,);CH,—), 1.53-1.79 (m, 4H,
—CHCH,(CH,);CH,—), 1.32-1.49 (m, 2H, —CHCH,(C
H,),CH,—), 1.11-1.27 (m, 3H, —CHCH,(CH,);CH,—);
13C NMR (100.1 MHz, CDCL,): 8 197.8 (CH,CO), 166.5
(C=C(NH,)CCl,), 1563 (CONHCH,), 1053 (C—
C(NH,)CCly), 93.5 (CCly), 49.0 (—CH(CH,),
(CH,),CH,—), 324 (—CH(CH,),(CH,),CH,—), 28.4
(CH,CO), 25.5 (—CH(CH,),(CH,),CH,—), 24.7 (—CH
(CH,),(CH,),CH,—); IR: 3271 (N—H), 2929 (N—H),
1721 (C=0, ketone), 1620 (C—0, amide), 1535 (C—=C—
NH,) em™"; MS(ES™) (n/z): 325.0 [M-H, **Cl, *>Cl, **Cl,
100%]-, 327.0 [M-H, **Cl, **Cl, *’Cl, 53%], 329.0 [M-H,
*C1,°7Cl, *7Cl, 33%], 331.0 [M-H, *’C1,*Cl1,*"Cl, 3%] ",
361.0 [M+°Cl, *°Cl, *°Cl, **Cl, 87%], 363.0 [M+>°Cl, *°Cl,
1, *7Cl, 48%]7, 365.0 [M+>°Cl, *°C1, *"Cl, *7Cl, 24%]",
367.0 [M+>Cl, *7Cl, *7Cl, *’Cl, 5%]"; MS(ES*") (m/2):
327.0 [M+H, *°Cl, *°Cl, **Cl, 62%]*, 329.0 [M+H, *°Cl,
31, 7L, 41%], 331.0 [M+H, *3Cl, *7Cl, *7Cl, 15%],
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333.0 [M+H, ¥’Cl, ¥’Cl, 'Cl, 2%]*; HRMS (m/z): [M+H]*
caled. for C,,H,>>CI,N,0,, 327.0428; found, 327.0428,
error: 0.0 ppm.

5-Acetyl-6-(cyclohexylamino)-2,2-diphenyl-4-
(trichloromethyl)-2,3-dihydro-1,3,2-oxazaborinin-1-
ium-2-uide (48; NBC19)

43

0o N
Me | N (l)+
B
ClsC N~ @
H
(NBC19)

Ethyl acetate/n-hexane, 1:4. Yield: 9%, yellow solid. mp:
53-54° C.; 'H NMR (300.1 MHz, CDCl,): 8 7.82 (brs, 1H,
C—C(NH)CCl,), 7.27-739 (m, 10H, 2xPh-H), 5.38 (d,
J=7.5 Hz, 1H, CONH), 3.69-3.85 (m, 1H, —CH
(CH,),(CH,),CH,—), 2.35 (s, 3H, CH,CO); 1.89 (d, J=10.5
Hz, 2H, —CH(CH,),(CH,),CH,—), 0.98-1.42 (m, 8H,
—CH(CH,),(CH,),CH,—); *C NMR (100.1 MHz,
CDCl,): 8 187.0 (CH,CO), 163.6 (C—=C(NH)CCl,), 162.1
(CONH), 156.1 (B-Ph(ipso)), 131.7 (B-Ph(0)), 127.5 (B-Ph
(m)), 127.0 (B-Ph(p)), 105.8 (C—C(NH)CCl,), 93.0 (CCl,),
49.1 (—CH(CH,),(CH,),CH,—), 32.4 (—CH(CH,),
(CH,),CH,—), 25.4 (—CH(CH,),(CH,),CH,—), 24.7
(—CH(CH,),(CH,),CH,—), 23.3 (CH,CO); IR: 3311
(N—H), 2928 (N—H), 1631 (C—0, amide band I), 1594
(C=0, amide band II), 1514 (C=C—NH) cm™"; MS(ES")
(m/z): 447.1 [M-C,H,0, °B, **Cl, °Cl, >°Cl, 20%]", 448.1
[M-C,H,0, *°Cl, **Cl, **Cl, 99%] ", 449.1 [M-C,H,0, °B,
33Cl, 33Cl, *7Cl, 33%]~, 450.1 [M-C,H,0, B, *>Cl, *°Cl,
*7Cl, 100%]°, 451.1 [M-C,H,0, "B, *°Cl, *’Cl, *"C],
25%], 452.1 [M-C,H,0, "B, *3Cl, *’Cl, *°Cl, 23%],
453.1 [M-C,H,0, '°B, *7Cl, *’Cl, *’Cl, 8%], 454.1
[M-C,H,0, "B, *’Cl, *’Cl, *"Cl, 3%]", 488.1 [M-H, °B,
33Cl, 33Cl, *°Cl, 32%], 489.1 [M-H, !B, **Cl, *>Cl, *°Cl,
100%]", 490.1 [M-H, '°B, *Cl, >°Cl, *’Cl, 48%]~, 491.2
[M-H, 'B, **Cl, *>Cl, >"Cl, 94%]", 492.2 [M-H, '°B, *°Cl,
37Cl, 33Cl, 22%]7, 493.2 [M-H, B, *°Cl, *’Cl, *Cl,
32%]-, 4942 [M-H, '°B, 37Cl, *’Cl, 3"Cl, 5%]", 495.2
[M-H, ''B, *’Cl, *’Cl, *’Cl, 4%]~. MS(ES*) (m/z): 490.2
[M+H, '°B, *°Cl, *Cl, **Cl, 13%]*, 491.2 [M+H, ''B, *°Cl,
33Cl1, 3°Cl, 100%]*, 492.2 [M+H, '°B, *3Cl, *>Cl, *Cl,
45%]*, 493.2 [M+H, "B, *>Cl, >°Cl, *"Cl, 46%]*, 494.2
[M+H, '°B, *°Cl, *"Cl, *’Cl, 18%]*, 495.2 [M+H, ''B, *°Cl,
37C1, 27, 24%] %, 496.2 [M+H, '°B, *7Cl, *7C1, *7Cl, 6%]*,
4972 [M+H, "B, *Cl, *’Cl, *’Cl, 3%]*. HRMS (m/z):
[M+H]* caled. for C,,H,,"'B**CI,N,0,, 491.1226; found,
491.1226, error: 0.0 ppm.
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N-(Pyren-1-ylmethyl)acetoacetamide (49)

49

tert-Butyl acetoacetate (0.14 mL, 0.82 mmol) was added
to a solution of 1-pyrenemethylamine hydrochloride (0.20 g,
0.75 mmol) and triethylamine (0.21 ml, 1.49 mmol) in
toluene (50 mL). The procedure was carried out as described
previously. Yield: 0.23 g (98%), orange solid. mp: 130-132°
C.; '"H NMR (300.1 MHz, CDCl,): & 7.88-8.21 (m, 9H,
pyrene-H), 7.27 (br s, 1H, NH), 5.12 (d, J=5.4 Hz, 2H, C
H,NH)3.41 (s, 2H, CH,COCH,), 2.17 (s, 3H, CH,CO); *C
NMR (100.1 MHz, CDCly): § 204.4 (CH,CO), 165.1
(CONH), 131.3,130.8, 129.03, 128.96, 128.3, 128.2, 127.5,
1274, 127.0, 126.1, 125.4, 1253, 125.0, 124.8, 124.7,
1227, 49.5 (CH,COCH,), 41.9 (CH,NH) 31.0 (CH,CO);
IR: 3284 (N—H), 1714 (C=—0, ketone), 1622 (C—0, amide
band I), 1536 (C=0, amide band II) cm™"; MS(ES™) (m/z):
3143 [M-H, 15%], 350.1 [M+Cl, *3Cl, 30%]-, 352.1
[M+Cl, *Cl, 12%]~; MS(BS*) (m/z): 316.1 [M+H, 84%]*,
338.3 [M+Na, 23%]". HRMS (m/z): [M-H]™ calcd. for
C,,H,,NO,, 314.1187; found, 314.1185, error: 0.6 ppm.

(2)-2-Acetyl-3-amino-4,4 4-trichloro-N-(pyren-1-
ylmethyl)but-2-enamide (50)

50

Me

CL,C NH,

Yield: 76%, orange solid. mp: 124-126° C. (dec); 'H
NMR (300.1 MHz, CDCl;): & 8.29 (d, J=9.0 Hz, 1H,
pyrene-C8-H), 7.92-8.19 (m, 8H, pyrene-H), 6.21 (brs, 1H,
CONHCH,), 5.18 (d, J=5.1 Hz, 2H, CONHCH,), 2.28 (s,
3H, CH,CO); >C NMR (100.1 MHz, CDCl,): 8 197.6 (CH,
CO), 167.2 (C—=C(NH,)CCl,), 156.7 (CONHCH,), 131.5,
131.3, 130.7, 129.9, 128.4, 127.84, 127.77, 127.3, 126.2,
125.6, 125.5, 124.9, 122.9, 104.5 (C—C(NH,)CCl,), 93.4
(CCly), 43.2 (CH;COCH,), 28.6 (CH;CO), CONHCH,C
quaternary signal not observed; IR: 3248 (N—H), 1717
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(C=0, ketone), 1620 (C—0, amide), 1520 (C—C—NH,)
em™'; MS(ES™) (m/2): 416.0 [M-C,H,0, *°Cl, **Cl, *>C],
50%], 418.1 [M-C,H,0, *°Cl, *°Cl, *"Cl, 23%]", 420.1
[M-C,H,0, **Cl, *Cl, *’Cl, *°%]", 421.1 [M-C,H,0, *’Cl,
3¢, 27Cl, 8%, 457.1 [M=H, *°Cl, *°Cl, *°Cl, 65%],
459.0 [M-H, *>Cl, *Cl, *’Cl, 100%]", 461.1 [M-H, *"Cl,
37Cl, 27Cl, 12%]7, 463.1 [M-H, *7Cl, *"Cl, *’Cl, 3%],
493.0 [M+>Cl, 3Cl, 3°Cl, *Cl, 34%]~, 495.0 [M+>°Cl,
33Cl, 33Cl, *7Cl, 35%]", 497.0 [M+>3Cl, **Cl, *"Cl, *"Cl,
26%]", 499.0 [M+7°C1, *"Cl1,>"Cl1, *’Cl, 4%]~. HRMS (m/2):
[M-H]~ caled. for C,;H,>°CI.N,O,, 457.0283; found,
457.0277, error: 1.3 ppm.

5-Acetyl-2,2-diphenyl-6-((pyren-1-yl methyl)

amino)-4-(trichloromethyl)-2,3-dihydro-1,3,2-oxaza-
borinin-1-ium-2-uide (51; NBC20)

51

0o N
Me | N (l)+
B
ClsC N~ @
H
(NBC20)

Ethyl acetate/n-hexane, 1:4. Yield: 12%, yellow solid.
mp: 167-169° C. (dec); '"H NMR (300.1 MHz, CDCl,): §
8.03-8.32 (m, 8H, pyrene-H), 7.95 (d, J=7.8 Hz, 1H, pyrene-
C3-H), 7.82 (br s, 1H, C—=C(NH)CCl,), 7.14-7.33 (m, 10H,
2xPh-H), 5.90 (t, I=5.1 Hz, 1H, CONHCH,), 5.18 (d, I=5.4
Hz, 2H, CONHCH,), 2.35 (s, 3H, CH,CO); '*C NMR
(100.1 MHz, CDCly): § 187.1 (CH;CO), 1643 (C—
C(NH)CCl,), 162.2 (CONHCH,), 131.6 (B-Ph(0)), 131.5,
131.3,130.7,129.8, 129.0, 128.4, 127.8, 127.7, 127.5 (B-Ph
(m)), 127.3, 126.9 (B-Ph(0)), 126.2, 125.6, 125.5, 125.0,
124.8, 124.7, 122.8, 105.1 (C—=C(NH)CCl,), 92.8 (CCl,),
42.7 (CH,COCH,), 23.4 (CH,CO), B-Ph quaternary signal
not observed; IR: 3320 (N—H), 3288 (N—H), 1630
(C=0), 1597 (C=C, conjugated), 1521 (C—C—NH)
em™t; MS(EST) (m/z): 620.2 [M-H, '°B, 3°Cl, **Cl, **Cl,
20%]-, 621.2 [M-H, B, *°Cl, *°Cl, *°Cl, 98%]", 622.2
[M-H, '°B, *°Cl, **Cl, *’Cl, 47%]~, 623.2 [M-H, ''B, *°Cl,
*>Cl, *7Cl, 100%], 624.2 [M-H, °B, *°Cl, *’Cl, *"C],
33%]-, 625.2 [M-H, B, *°Cl, *’Cl, *"Cl, 19%]", 626.2
[M-H, '°B, *"Cl, *>’Cl, *’Cl, 9%], 627.3 [M-H, "'B, *’Cl,
37C1, 27CL, 4% MS(ES™) (m/z): 622.2 [M+H, °B, *>Cl,
*3C1,23CL, 1%, 623.2 [M+H, "B, *°C1, *>Cl, *°Cl, 69%]*,
624.2 [M+H, °B, *>Cl, **C1,3"Cl, 30%]*, 625.2 [M+H, ''B,
*3C1, 3¢, *7Cl, 100%]*, 626.2 [M+H, '°B, °Cl, *"Cl, *"Cl,
36%]Y, 627.2 [M+H, ''B, *>Cl, *7Cl, *"Cl, 28%]*, 628.2
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[M+H, '°B, *’Cl, *>’Cl, *’Cl, 5%]*, 629.2 [M+H, "'B, *Cl,
37Cl, *7Cl, 3%]". HRMS (w/z): [M-H]~ calcd. for
C55sH, 'B*CI,N,0,, 621.1080; found, 621.1072, error:
1.3 ppm.

N-Pyridin-4-ylacetoacetamide (52)

52

Yield: 57%, cream solid. mp: 92-93° C.; '"H NMR (300.1
MHz, CDCl,): 8 9.61 (br s, 1H, NH, 8.53 (d, J=6.0 Hz, 2H,
Py-meta), 7.52 (d, J=6.0 Hz, 2H, Py-ortho), 3.64 (s, 2H,
CH,COCH,), 2.36 (s, 3H, CH,CO); 1*C NMR (100.1 MHz,
CDCl,): 6 204.7 (CH,CO), 164.4 (CONH), 150.6 (Py(m)),
144.7 (Py(ipso)), 114.0 (Py(0)), 49.8 (CH,COCH,), 31.2
(CH,CO); 1R: 3245 (N—H), 1721 (C=0, ketone), 1690
(C=0, amide band I), 1595 (C=0, amide band II) cm™";
MS(ES™) (m/z): 176.9 [M-H, 100%]"; MS(ES") (n/z):
178.9 [M+H, 100%]", 200.9 [M+Na, 11%]*. HRMS (m/z):
[M+H]™* caled. for CoH, N,O,, 179.0815; found, 179.0814,
error: 0.6 ppm.

(Z)-2-Acetyl-3-amino-4,4,4-trichloro-N-(pyridine-4-
yDhbut-2-enamide (53)

53

Cl,C NH,

Yield: 51%, cream solid. mp: 105-107° C. (dec); "H NMR
(300.1 MHz, CDCl,): & 8.55 (d, J=6.0 Hz, 2H, Py-meta),
7.92 (br s, 1H, NH), 7.51 (d, J=6.0 Hz, 2H, Py-ortho), 2.37
(s, 3H, CH;CO); IR: 3230 (N—H), 1654 (C—0), 1585
(C=C, conjugated), 1506 (C=C—NH,) cm™; MS(ES")
(m/z): 319.9 [M-H, *°Cl, **Cl, **Cl, 72%]~, 321.9 [M-H,
1, *cl, *7Cl, 100%]7, 323.9 [M-H, *>Cl, *"Cl, *"C],
25%]",326.0 [M-H, *’Cl,>"Cl, *’Cl, 3%]~; MS(ES™) (m/2):
322.0 [M+H, *3Cl, °Cl, *Cl, 84%]*, 324.0 [M+H, *>Cl,
33Cl, *7Cl, 100%]*, 326.0 [M+H, *>Cl, *"Cl, *’Cl, 70%]*,
328.0 [M+H, *7Cl, *"Cl, *’Cl, 5%]*. HRMS (m/z): [M+H]*
caled. for C,,H,,*’CI,N,0,, 321.9911; found, 321.9910,
error: 0.3 ppm.
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5-Acetyl-2,2-diphenyl-6-(pyridine-4-ylamino)-4-
(trichloromethyl)-2,3-dihydro-1,3,2-oxazaborinin-1-
ium-2-uide (54; NBC22)

54
7 i‘l
™
0o N
Me | \(l)+
B
ClLC N~ @
i
(NBC22)

Ethyl acetate/n-hexane, 3:5. The combined collected frac-
tions were stirred in Et,O (15 mL) instead of n-hexane for
30 mins. Yield: 6%, yellow solid. mp: 124-126° C. (dec); 'H
NMR (300.1 MHz, CDCl,): & 8.51 (br s, 2H, C—=C(N
H)CCly), 8.01 (brs, 1H, NH), 7.21-7.47 (m, 14H, Py-ortho/
meta & Ph-H), 2.43 (s, 3H, CH,CO); IR: 3337 (N—H),
3247 (N—H), 1684 (C—0), 1586 (C—C, conjugated), 1508
(C=C—NH) cm™!; MS(ES") (m/z): 482.9 [M-H, '°B, **Cl,
*3C1,2°Cl, 5%]7, 483.9 [M-H, ''B, *°Cl, **Cl, *>Cl, 21%],
485.0 [M-H, '°B, *>C1, **Cl, *’Cl, 7%]", 486.1 [M-H, ''B,
33Cl, *3Cl, *7Cl, %], 487.2 [M-H, '°B, *Cl, *’Cl, *"Cl,
6%]", 488.2 [M-H, ''B, *°Cl, >’Cl, *’Cl, 5%], 489.2 [M-H,
198, ¥7C1, *7Cl, *7Cl, 3%, 490.2 [M-H, ''B, *’Cl, *"Cl,
37Cl, 1%]; MS(ESY) (m/z): 485.1 [M+H, '°B, 3°Cl, *°Cl,
33Cl, 4%, 486.1 [M+H, ''B, *°Cl, >*Cl, *°Cl, 26%]*, 487.1
[M+H, '°B, *>Cl, *°Cl, 371 11%]*, 488.1 [M+H, ''B, *°Cl,
33C1, 37Cl, 22%]*, 489.1 [M+H, '°B, **Cl, *"Cl, *>"Cl, 3%]*,
490.1 [M+H, "B, >°Cl, *’Cl, *’Cl, 7%]*, 491.1 [M+H, '°B,
37Cl, 37CL, 27CL, 2%]*, 492.1 [M+H, B, *7Cl, *Cl, *Cl,
1%]*. HRMS (m/z): [M+H]* caled. for
C,3H,, "B CIN,0,, 486.0709; found, 486.0709, error:
0.0 ppm.

Reaction scheme for 4-(Dichloromethyl)-6-Methyl-
2,2-diphenyl-2,3-dihydro-1,3,2-oxazaborinin-1-ium-
2-uide

Scheme 6. Synthesis of oxazaborinine 55 from 6.
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-continued
Me
H
\O+
L
HCLC N~ @
H
55

(i) NH3,THF, MW, 150° C., 1 h.

4-(Dichloromethyl)-6-Methyl-2,2-di phenyl-2,3-
dihydro-1,3,2-oxazaborinin-1-ium-2-uide (55;

NBC29)
55
Me
H

\ OJr

L

HCLC N~

H
(NBC29)

Ammonia (20.9 mg, 1.23 mmol) was added to 6 (150 mg,
0.41 mmol) in anhydrous THF (total reaction volume of 3
mL). The mixture was subjected to microwave irradiation at
150° C. for 1 hiin a 5 mL sealed vial. The reaction mixture
was concentrated and purified by flash column chromatog-
raphy (ethyl acetate/n-hexane, 2:23). Yield: 92.2 mg (68%),
yellow oil. 'H NMR (300.1 MHz, CDCL,): § 7.13-7.34 (m,
10H, Aryl-H), 6.06 (s, 1H, CCL,H), 5.30 (d, Jozr nz=2.1 Hz,
1H, C=CH), 2.12 (s, 3H, CH,CO); *C NMR (100.6 MHz,
CDCl,): 8 184.0 (CH;CO), 163.6 (C1,C(NH)C—C), 130.7
(B-Ph(0)), 126.4 (B-Ph(m)), 125.6 (B-Ph(p)), 92.1 (C1,C
(NH)C=—C), 66.4 (CCl,H), 23.3 (CH;CO), B-Ph quaternary
signal not observed; IR: 3354 (N—H), 1616 (C—C, conju-
gated), 1539 (C=C—NH) cm™; MS(ES") (m/z): 329.0
[M-H, '°B, ?°Cl, **Cl, 15%]", 330.0 [M-H, !'B, >°Cl, **Cl,
100%]-, 331.0 [M-H, '°B, *°Cl, *’Cl, 29%]~, 332.0 [M-H,
1B, *>C1, *7Cl, 40%]", 333.0 [M-H, '°B, *’Cl, *>"Cl, 15%]",
334.0 [M-H, ''B, *’Cl, *>’Cl, '%]~; MS(ES*) (m/z): 253.0
[M-Ph, '°B, *>Cl, >°Cl, 17%]*, 253.9 [M-Ph, "B, *°Cl,
33Cl, 100%]*, 255.0 [M-Ph, '°B, *°Cl, *’Cl, 35%]*, 256.0
[M-Ph, B, 3>Cl, *"Cl, 69%]*, 257.0 [M-Ph, °B, *'Cl,
*7Cl, 17%]*, 257.9 [M=Ph, ''B, *’Cl, *"Cl, 11%]*, 330.0
[M+H, '°B, *°Cl, >°Cl, 3%]*, 331.0 [M+H, ''B, *°Cl, *°Cl,
12%]*, 332.0 [M+H, '°B, **Cl, *’Cl, 10%]*, 333.0 [M+H,
1R, 33Cl, *7CL, 6%]%, 334.0 [M+H, '°B, *7Cl, *"Cl, 7%]*,
335.0 [M+H, B, *’Cl, *"Cl, 1%]*; HRMS (m/z): [M-H]"
caled. for C, H,M'B**CLNO, 330.0629; found, 330.0640,
error: 3.3 ppm.
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General Reaction Scheme for di(aryl)oxazaborinine Synthe-
sis

Scheme 7. Synthesis of bis(aryl)oxazaborinines.

N ,
| (i)
—_—
AN MgBr
R R
N YN
(ii)
.. —
\ /
|
OH
) NH,
Me o LR
/X
ClLC N~
H ) —
R
57
R=p-Me
(i) BOOMe)s, THF, r.t., 3 h, 5% HC; Gif) 39, THF, r.t,, 16 h.

General Procedure for di(aryl)oxazaborinine Synthesis
B(OMe), (5 mmol) was added to an appropriate arylmag-
nesium bromide (10 mmol) in anhydrous THF (total reaction

volume of 15 mL). The mixture was stirred at room tem- 3

perature under N, for 2.5 h and then hydrolysed with 5%
HCl,,, (15 mL). BtOAc (30 mL) was added and the mixture
washed with H,O, concentrated in vacuo and purified by
flash column chromatography to give the corresponding
bis(aryl)borinic acid.

(2)-2-Acetyl-3-amino-4,4,4-trichlorobut-2-enamide (39,
3 eq), as an example, was added to an appropriate bis(aryl)
borinic acid (1 eq) in anhydrous THF (5 mL). The mixture
was stirred at room temperature under Ar for 16 h. The
mixture was concentrated in vacuo and purified by flash
column chromatography. The collected fractions were com-
bined, evaporated in vacuo and stirred in cold n-hexane (15
mL) for 30 mins. The precipitate was then filtered and dried
under vacuum to give the corresponding bis(aryl)oxazabori-
nine products.

Di-p-tolylborinic Acid (56)

56

B

OH

Ethyl acetate/n-hexane, 1:19. Yield: 58%, colourless oil.
'H NMR (300.1 MHz, CDCl,): § 7.63 (d, J=7.8 Hz, 2H,
B-tolyl(m)-H), 7.18 (d, J=7.5 Hz, 2H, B-tolyl(0)-H), 5.65 (br
s, 1H, B—OH), 2.33 (s, 6H, CH,); **C NMR (100.6 MHz,
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CDCl;): § 141.2 (B-tolyl(p)), 134.8 (B-tolyl(0)), 128.7
(B-tolyl(m)), 21.7 (CH;), B-tolyl(i) quaternary signal not
observed; MS ionisation was not possible with the available
instrumentation used.

5-Acetyl-6-amino-2,2-bis(p-tolyl)-4-(trichlorom-
ethyl)-2,3-dihydro-1,3,2-oxazaborinin- 1 -ium-2-uide

(57; NBC32)
57
0 NH,
Me | A (l)+
B~ Me
CliC N~
H
Me
(NBC32)

Ethyl acetate/n-hexane, 2:23. Yield: 14%, yellow solid.
mp: 145-148° C. (dec); '"H NMR (300.1 MHz, CDCl,): §
9.23 (br s, 1H, CONH,), 7.58 (br s, 1H, CI,C(NH)C—C),
7.29 (d, J=7.5 Hz, 2H, B-tolyl(o)-H), 7.12 (d, 7.5 Hz, 2H,
B-tolyl(m)-H), 5.92 (br s, 1H, CONH,), 2.34 (s, 6H, C
HsAr), 232 (s, 3H, CH,CO); >C NMR (100.6 MHz,
CDCl,): 9 198.1 (CH,CO), 169.2 (CONH,), 165.5 (C1,C
(NH)C=C), 156.1 (B-tolyl(i)), 136.2 (B-tolyl(p)), 132.0
(B-tolyl(0)), 128.2 (B-tolyl(m)), 97.9 (CL,C(NH)C—C),
94.5 (CCly), 34.0 (CH,CO), 21.3 (CH,); IR: 3388 (N—H),
3313 (N—H), 1644 (C—0), 1608 (C—C, conjugated), 1561
(C=C—NH) cm™; MS(ES™) (m/z): 434.2 [M-H, '°B, >>C],
3Cl, 33ClL 12%]7, 435.2 [M-H, B, *°Cl, **Cl, **Cl,
100%]", 436.2 [M-H, '°B, *°Cl, >°Cl, *’Cl, 24%]~, 437.2
[M-H, !B, *°Cl, **Cl, *"Cl, 50%]", 438.2 [M-H, '°B, **Cl,
*7C1,*7CL, 11%]7, 439.2 [M-H, ''B, *°Cl1, *’C1, *’Cl, 10%] ",
440.2 [M-H, °B, *’Cl, *’Cl, *’Cl, 3%]", 441.2 [M-H, 'B,
*7C1,27CL, *7Cl, 1%]7; MS(ES™) (m/z): 344.1 [M-Tolyl, '°B,
3Cl, *3Cl, *3Cl, 10%]*, 345.0 [M-Tolyl, ''B, *°Cl, *°Cl,
Cl, 27%], 346.0 [M-Tolyl, '°B, *°Cl, *Cl1, *"Cl, 12%]*,
347.0 [M-Tolyl, B, 3°Cl, 3Cl, *’Cl, 36%]*, 348.0
[M-Tolyl, '°B, *>Cl, *Cl, *>"Cl, 5%]*, 349.1 [M-Tolyl, ''B,
*Cl, 3'Cl, *7Cl, 21%]*, 350.1 [M-Tolyl, '°B, *"Cl, *"Cl,
*7Cl, 5%]Y, 351.1 [M-Tolyl, ''B, *’Cl, *"Cl, *’Cl, 2%]*,
436.1 [M+H, '°B, *>Cl, **Cl, **Cl, 3%]*, 437.1 [M+H, ''B,
1, 3¢, *3Cl, 9%, 438.1 [M+H, '°B, *°Cl, **Cl, *"C],
5%]-, 439.1 [M+H, !B, 3°Cl, *°Cl, *’Cl, 10%]*, 440.1
[M+H, '°B, *°Cl, *’Cl, *’Cl, 3%]", 441.1 [M+H, "'B, *°Cl,
37C1, 37Cl, 3%]%, 442.1 [M+H, °B, *7Cl, *"Cl, *"Cl, 1%]*,
443.1 [M+H, ''B, *’Cl, *7Cl, *’Cl, 1%]*. HRMS (m/2):
[M+H]* caled. for C,,H,, ' B**CI,N,0,, 437.0756; found,
437.0738, error: 4.1 ppm.

General Reaction Scheme for aryl(phenyl)oxazaborinine
Synthesis

Scheme 8. Synthesis of aryl(phenyl)oxazaborinines.
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R=p-Me
(i) Phenylboronic acid pinacol ester, THF, r.t., 3 h, 6M HC; (iii) 39, THF, r.t., 16 h.

General Procedure for aryl(phenyl)oxazaborinine Synthesis

An appropriate arylmagnesium bromide (5 mmol) was
added phenylboronic acid pinacol ester (5 mmol) in anhy-
drous THF (total reaction volume of 15 mL). The mixture
was stirred at room temperature under N, for 2.5 h and then
hydrolysed with 6M HCl,,, (15 mL). EtOAc (30 mL) was
added and the mixture washed with H,O, concentrated in
vacuo and purified by flash column chromatography to give
the corresponding aryl(phenyl)borinic acid.

(2)-2-Acetyl-3-amino-4,4,4-trichlorobut-2-enamide (39,
3 eq), as an example, was added to an appropriate aryl
(phenyl)borinic acid (1 eq) in anhydrous THF (5 mL). The
mixture was stirred at room temperature under Ar for 16 h.
The mixture was concentrated in vacuo and purified by flash
column chromatography. The collected fractions were com-
bined, evaporated in vacuo and stirred in cold n-hexane (15
mL) for 30 mins. The precipitate was then filtered and dried

under vacuum to give the corresponding aryl(phenyl)oxaza-
borinine products.
(Phenyl)(p-tolyl)borinic Acid (58)
58
Me
B
|
OH

Ethyl acetate/n-hexane, 2:23. Yield: 45%, colourless oil.
'"H NMR (300.1 MHz, CDCL,): & 7.72 (d, J=7.8 Hz, 2H,
B-Ph(0)), 7.64 (d, J=7.8 Hz, 2H, B-tolyl(0)), 7.32-7.47 (m,
3H, B-Ph(m/p)), 7.19 (d, J=7.8 Hz, 2H, B-tolyl(m)), 5.74 (br
s, 1H, B—OH), 2.33 (s, 3H, CH,); '*C NMR (100.6 MHz,
CDCl,): d 1414 (B-tolyl(p)), 135.0 (B-Ph(o)), 134.6
(B-tolyl(0)), 130.9 (B-Ph(p)), 128.8 (B-tolyl(m)), 127.9
(B-Ph(m)), 21.7 (CH,), B-tolyl(i) and B-Ph(i) quaternary
signals not observed; MS(ES™) (m/z): 194.0 [M-H, '°B,
4%]7, 195.1 [M-H, '"'B, 25%]~. HRMS (n/z): [M-H]|
caled. for C3H,,"'BO, 195.0987; found, 195.0973, error:
7.2 ppm.

w

25

30

35

40

45

50

55

60

65

92
5-Acetyl-6-amino-2-(phenyl)-2-(p-tolyl)-4-(trichlo-
romethyl)-2,3-dihydro-1,3,2-oxazaborinin-1-ium-2-

uide (59; NBC33)

59
0 NH,
Me | = (l)+
B~ Me
CliC N~
H
(NBC32)

Ethyl acetate/n-hexane, 2:23. Yield: 2%, yellow solid.
mp: 141-143° C.; 'H NMR (300.1 MHz, CDCL,): § 9.25 (br
s, 1H, CONH,), 7.59 (br s, 1H, CI,C(NH)C—C), 7.40 (d,
J=6.0 Hz, 2H, B-Ph(0)), 7.23-7.34 (m, 5H, B-Ph(nv/p),
B-tolyl(0)), 7.12 (d, J=7.8 Hz, 2H, B-tolyl(m)), 5.94 (br s,
1H, CONH,), 2.34 (s, 3H, CHs), 2.31 (s, 3H, CH;CO); '*C
NMR (100.6 MHz, CDCl,): 6 192.8 (CH,CO), 163.9 (C1,C
(NH)C—C), 160.3 (CONH,), 131.1 (B-tolyl(p)), 126.8
(B-Ph(0)), 126.6 (B-tolyl(0)), 123.0 (B-tolyl(m)), 122.1
(B-Ph(m)), 121.5 (B-Ph(p)), 92.7 (CI,C(NH)C—C), 89.2
(CCly), 28.7 (CH,CO), 16.0 (CH;); MS(ES™) (m/z): 420.2
[M-H, '°B, *°Cl, **Cl, **Cl, 12%]~, 421.1 [M-H, ''B, *°Cl,
»Cl, PClL, 80%]~, 422.2 [M-H, '°B, *3Cl, **Cl, *"C],
33%], 423.2 [M-H, 'B, **Cl, *°Cl, *"Cl, 100%], 424.1
[M-H, '°B,**Cl,*’Cl, *’Cl, 13%]~, 425.1 [M-H, ''B, *°Cl,
*7C1, 27CL, 24%], 426.2 [M-H, '°B, *’Cl, *’C1, *7Cl, 5%,
4272 [M-H, "B, *Cl, *’Cl, *Cl, 3%]~. HRMS (m/z):
[M+H]* caled. for C, H,,"'B**CI,N,0,, 423.0600; found,
423.0605, error: 1.2 ppm.

Example 2—Activity Studies

To screen the compounds of the invention, the human
monocytic THP1 cell line was used. Cells were primed with
LPS (1 pg/ml, 4 h) and then treated with vehicle (0.5%
DMSO) or NBC molecule of the invention (see compounds
listed below) at 10 uM for 15 min before activation of the
inflammasome and IL-1f release with nigericin (20 uM, 1
h). The NBC molecule was present throughout nigericin
stimulation. The effects of the molecules on IL-1f release
were normalised to nigericin-induced IL-1f release in the
absence of any inhibitor (FIGS. 1-3).
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From the screen of NBC molecules, compounds 14
(NBC6), 48 (NBC19) and 42 (NBC24) were observed to be
the most potent (FIGS. 1 and 2), and further analysis
revealed increased potency of compound 14 (NBC6) with an
1C50 of 500 nM (FIG. 3). Due to the presence of the amide
group in compound 14 (NBC6) there was also increased
solubility with the ¢ log P of 14 (NBC6) now 3.4 compared
to 4.99 for 3 (BC7) and 6 (BC23). The solubility of
compound 14 (NBC6) is now comparable to drugs of the
NSAID class such as Ibuprofen (3.68) and Mefenamic acid
(3.36).
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Example 3—X-ray Crystalloaraphy

FIG. 4 shows the crystal structures of compound 14
(NBC6) in Example 1 and compound 16 (NBCI11) in
Example 1.

While specific embodiments of the invention have been
described herein for the purpose of reference and illustra-
tion, various modifications will be apparent to a person
skilled in the art without departing from the scope of the
invention as defined by the appended claims.
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The invention claimed is: 50
1. A compound having the structural formula I shown

below:
D 55
R3
R,
2 \O+
| Ix
PN 60
Ry Q Rs
wherein

Q is NR,,, wherein R, is H or (1-4C)alkyl;

R, is halo, (1-4C)alkyl, (2-4C)haloalkyl, dihalomethyl, 65
trichloromethyl, S-(2-4C)alkyl, aryl, heteroaryl or a
(1-6C)a,f-unsaturated aldehyde or ketone;

100
R, is hydrogen, halo, amino, cyano, nitro, hydroxyl, or
a group
LAXR,
wherein

L' is absent or (1-2C)alkylene
X! is absent or selected from —O—, —C(O)—,

—CX)0—,  —O0CX)—  —CHOR,)—,
—NR,)— —NR)—CX)— —NR)—C(X)
O—, —CX)—NR)— —NRHCXNR,)—,
~— S8, —SO—, —S0,—, —S(0),N(R_)—, or

—N(R_)SO,— wherein X is O or NR; R, is
hydrogen or (1-3C)alkyl; and R, and R, are each
independently hydrogen or (1-6C)alkyl; and

R, is hydrogen, (1-6C)alkyl, (2-6C)alkenyl, (2-6C)

alkynyl, cyano, aryl, aryl(1-2C)alkyl, (3-6C)cy-
cloalkyl, heteroaryl, heterocyclyl or a sugar or
amino acid, each of which is optionally substituted
by one or more substituent groups independently
selected from the group consisting of oxo, halo,
cyano, nitro, hydroxy, carboxy, phosphate, NR°R/,
(1-4C)alkoxy, (1-4Cjalkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(1-3C)alkyl,  (1-4C)alkanoyl,
(1-4C)alkylsulphonyl, aryl, aryloxy, heterocyclyl,
heterocyclyloxy, heterocyclyl-(1-2C)alkyl, het-
eroaryl, heteroaryloxy, heteroaryl-(1-2C)alkyl,
C(O)NR°R/, NR°C(O)R/, NR*S(0),R/ and S(0),
NR°R/; wherein R® and R” are each independently
selected from hydrogen, (1-4C)alkyl or (3-6C)
cycloalkyl or (3-6C)cycloalkyl(1-2C)alkyl;
or R® and R’ can be linked such that, together with
the nitrogen atom to which they are attached,
they form a heterocyclic ring which is option-
ally substituted by oxo, halo, cyano, nitro,
hydroxy, carboxy, NRER”  (1-4C)alkoxy,
(1-4C)alkyl,  (3-8C)cycloalkyl,  (3-8C)cy-
cloalkyl-(1-3C)alkyl, (1-4C)alkanoyl, (1-4C)
alkylsulphonyl, C(O)NRER”, NREC(O)R”,
NR#2S(0),R” and S(0),NRER”, wherein R€ and
R” are each independently hydrogen, (1-4C)
alkyl, (3-6C)cycloalkyl or (3-6C)cycloalkyl(1-
2C)alkyl;

or R, and R, are linked such that, together with the

nitrogen atom to which they are attached, they
form a heterocyclic ring which is optionally sub-
stituted by a substituent selected from the group
consisting of oxo, halo, cyano, nitro, hydroxy,
carboxy, NR'R/, (1-4C)alkoxy, (1-4C)alkyl,
(3-8C)cycloalkyl, (3-8C)cycloalkyl-(1-3C)alkyl,
(1-4C)alkanoyl, (1-4C)alkylsulphonyl, C(O)
NR’R/, NR’C(O)R/, NR'S(O),R’ and S(O),NR'R/,
wherein R” and R/ are each independently selected
from hydrogen, (1-4C)alkyl, (3-6C)cycloalkyl or
(3-6C)cycloalkyl(1-2C)alkyl;

R, is methyl, OR?, C(O)OR?, C(O)NRFR? or NR*R’;
wherein R* and R’ are each independently hydrogen,

(1-6C)alkyl,  (3-10C)cycloalkyl,  (3-10C)cy-
cloalkyl(1-2C)alkyl, (2-6C)alkenyl, (2-6C)alky-
nyl, aryl, aryl(1-2C)alkyl, heteroaryl, heteroaryl

(1-2C)alkyl, S(O)R”, S(O),R° or a sugar or amino

acid residue;

R? is (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl,
an aryl or heteroaryl group, each of which may
be optionally substituted with one or more
substituents selected from the group consisting
of halo, OH, (1-4C)alkyl, (1-4C)hydroxyalkyl,
(2-4C)alkenyl and (2-4C)alkynyl;
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R? and R? are independently hydrogen, (1-6C)alkyl,
(3-10° C.cycloalkyl, (3-10C)cycloalkyl(1-2C)
alkyl, (2-6C)alkenyl, (2-6C)alkynyl, aryl, aryl(1-
2C)alkyl, heteroaryl or heteroaryl(1-2C)alky];

R, and Ry are each independently aryl or heteroaryl
ring, each of which is optionally substituted by a
substituent selected from the group consisting of
halo, cyano, nitro, hydroxy, carboxy, NR™R”, (1-2C)
alkoxy, (1-4C)alkyl, (1-4C)haloalkyl, (3-4C)cy-
cloalkyl, (3-4C)cycloalkyl-(1-2C)alkyl, aryl, aryl(1-
2C)alkyl, (1-2C)alkanoyl, (1-2C)alkylsulphonyl,
SR™, SOR™, C(O)NR™R”, NR™C(O)R”, NR™S(O)
R” and S(O),NR™R”, wherein R™ and R” are each
independently selected from hydrogen, (1-2C)alkyl;

or R, and Ry are linked to one another by a bond, an
alkylene linker optionally comprising one or more
heteroatoms, or a fused cycloalkyl, aryl, heteroaryl
or heterocyclic ring;

or a pharmaceutically acceptable salt thereof,

with the proviso that the compound is not one of the
following:

O Me
EO | N (l)+
B
ClsC N/ @
H
Me
H
f\(ly
ClsC N/ O
H
O Me
Me)ﬁfk(lyr
B
ClsC N/ O
H
Me
H
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Me
H
\ OJr
L
Me N~
H

2. The compound of claim 1, wherein R, is (1-4C)alky] or
(2-4C)haloalkyl, dihalomethyl, trichloromethyl.

3. The compound of claim 1, wherein R* and R’ are each
independently hydrogen, (1-4C)alkyl, (5-10C)cycloalkyl,
(5-10C)cycloalkyl(1-2C)alkyl, (2-4C)alkenyl, (2-4C)alky-
nyl, phenyl, phenyl(1-2C)alkyl, 5-6 membered heteroaryl
(e.g. pyridinyl, imidazolyl, thiazolyl, thiadiazolyl or fura-
nyl), 5-6 membered heteroaryl(1-2C)alkyl, S(O)R° or S(O),
Re.

4. The compound of claim 1, wherein R, is hydrogen or
a group -L'-X'—R,,.

5. The compound of claim 1, wherein L, is absent.

6. The compound of claim 1, wherein X" is absent or X'
is —O0—, —C(O)—, —CX)O0—, —0OCX)—, —CH
(OR,)—, —NR_)}—C(X)0— —C)}—NR)— —S—,
—SO—, —S0,—, —S(0),N(R)—, or —N(R)SO,—.

7. The compound of claim 1, wherein R, is hydrogen,
(1-6C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl, cyano, aryl, aryl
(1-2C)alkyl, (3-6C)cycloalkyl, heteroaryl or heterocyclyl,
each of which is optionally substituted by one or more
substituent groups independently selected from the group
consisting of oxo, halo, hydroxy, carboxy, NR°R/, (1-4C)
alkoxy and (1-4C)alkyl.

8. The compound of claim 1, wherein R, and Ry are each
independently phenyl or 5-6 membered heteroaryl ring, each
of which is optionally substituted by a substituent selected
from the group consisting of halo, cyano, nitro, hydroxy,
carboxy, NR™R”, (1-2C)alkoxy, (1-4C)alkyl, (1-4C)ha-
loalkyl, (3-4C)cycloalkyl, (3-4C)cycloalkyl-(1-2C)alkyl,
aryl, aryl(1-2C)alkyl, (1-2C)alkanoyl, (1-2C)alkylsulpho-
nyl, SR, SOR™, C(O)NR™R”, NR™C(O)R”, NR"S(O)R”
and S(O),NR™R”,

or R, and Ry are linked to one another by a bond, an

alkylene linker optionally comprising one or more
heteroatoms, a fused cycloalkyl, aryl, heteroaryl or
heterocyclic ring.

9. The compound of claim 1, wherein the compound has
a structure according to formula (Ia) shown below:

(a)

R;
R
2 Xo* a
Y
-
Ri Q
Z
A
wherein

rings A and B are each independently phenyl or 5-6
membered heteroaryl ring, each of which is optionally
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substituted by a substituent selected from the group
consisting of halo, hydroxy, carboxy, NR”R”, (1-2C)
alkoxy, (1-4C)alkyl, (1-4C)haloalkyl, aryl, aryl(1-2C)
alkyl and (1-2C)alkanoyl;

Z is absent, a bond, a group —(CH,),— where n is 1 or
2, a group —(CH),,— wherein m is 1 or 2, or a linking
group comprising 1 or 2 heteroatoms selected from N
and O; and

R;, R, and R; are as defined in claim 1.

10. The compound of claim 9, wherein rings A and B are
each independently selected from phenyl, pyridinyl, furanyl,
thiophenyl or imidazolyl, each of which may be optionally
substituted with one or more substituents selected from the
group consisting of halo, hydroxy, carboxy, NR™R”, (1-2C)
alkoxy, phenyl, phenyl(1-2C)alkyl (1-4C)alkyl and (1-4C)
haloalkyl.

11. The compound of claim 1, wherein R* and R’ are each
independently hydrogen, (1-4C)alkyl, (6-10C)cycloalkyl,
(2-4C)alkynyl, phenyl or aryl(1-2C)alkyl.

12. The compound of claim 1, wherein X" is absent or X"
is —O0—, —C(O)—, —CX)O—, —0OCX)—, —CH
(OR)— —NR,)—CX)O— or —CX)—NR)—

13. The compound of claim 1, wherein R, is (1-4C)alkyl,
cyano, phenyl, (3-6C)cycloalkyl, 5-6 membered heteroaryl
or 5-6 membered heterocyclyl, each of which is optionally
substituted by one or more substituent groups independently
selected from the group consisting of oxo, halo, hydroxy,
carboxy, NR°R/, (1-4C)alkoxy and (1-4C)alkyl.

14. The compound of claim 1, wherein R and R/ are each
independently hydrogen, (1-4C)alkyl or (3-6C)cycloalkyl or
(3-6C)cycloalkyl(1-2C)alkyl.

15. The compound of claim 1, wherein R° is (1-4C)alkyl,
an aryl or 5-6 membered heteroaryl group optionally sub-
stituted with one or more substituents selected from the
group consisting of halo, (1-4C)alkyl, (1-4C)hydroxyalkyl,
(2-4C)alkenyl and (2-4C)alkynyl.

16. The compound of claim 1, wherein the compound has
a structure according to formula (Ib) shown below:

(Ib)

wherein

each R, is independently halo, 1-4C)alkyl, (1-4C)ha-
loalkyl, phenyl or (1-2C)alkoxy;

nis 0, 1 or 2;

Z is absent, a bond, or a group —(CH,),— where n is 1
or 2; and

R;, R, and R; are as defined in claim 1.

17. The compound of claim 1, wherein R, is methyl,
dihalomethyl or trichloromethyl.

18. The compound of claim 1, wherein R, is methyl or
CCl,.
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19. The compound of claim 1, wherein R® and R” are each
independently hydrogen or (1-4C)alkyl.

20. The compound of claim 9, wherein Z is absent.

21. The compound of claim 1, wherein the compound has
a structure according to formula (Ic) shown below:

(e)

R
R,
2 \ O+
B
-
Ry Q
wherein

Q, R, R, and R; are as defined in claim 1.

22. A compound is selected from any of those compounds
below:

EtO

O Me
.
Me/”;f\ |
I
Me N~
"

Jus)
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23. A compound is selected from any of those compounds
below:

0 NH,
Me | x | "
ClLC N~
H
0  HN’ :

Me)‘jfk(lyr

B

C13C N/ O
H i.
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-continued
(@]

NH,

HZN)I]EK | +

CliC N~ @
H

24. The compound of claim 23, wherein the compound is:

0 NH,
Me)‘I\\(rr
ClLC N~ @
H

25. A pharmaceutical composition comprising a com-
pound of formula I of claim 1, or a pharmaceutically
acceptable salt or solvate thereof, and one or more pharma-
ceutically acceptable excipients.

#* #* #* #* #*



