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TITLE: INHIBITORS OF PEPTIDYL ARGININE DEIMINASE (PAD)
ENZYMES AND USES THEREOF

RELATED APPLICATIONS

[0001] This application claims the benefit of priority of United States
Provisional Patent Application No. 61/678,134 filed on August 1, 2012, the
contents of which are incorporated by reference in their entirety.

FIELD

[0002] The present application relates to imidazolidinediones,
compositions comprising these compounds and their use, in particular for the
treatment of diseases, disorders or conditions characterized by or associated

with the hypercitrullination of proteins by peptidyl arginine deiminase (PAD)

enzymes.
BACKGROUND
[0003] Demyelination and Muitiple Sclerosis. Demyelination is a

neuropathological state where the insulating myelin sheath on the axons of
the neurons is degraded, the pathogenesis of which could be due to a variety
of causes.' Multiple sclerosis (MS), one such clinical condition, is a chronic
and most common demyelinating disease, affecting about 2.2 million people
worldwide. ? It is characterized by a patchy degradation of myelin on the
axons, known as demyelinated lesions, and the healing of these patches
occurs via scar formation called plaques.

[0004] A variety of causes such as genetic, immunological and
environmental factors are suggested to play a role leading to this condition.®
The most common theory is the autoimmune theory which postulates that
sensitization of T cells in the periphery leads to their travel through a disrupted
blood brain barrier to attack and destroy myelin. * Several CNS proteins have

been shown to induce this condition, including myelin proteolipid protein
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(PLP), > myelin-associated glycoprotein (MAG), °

myelin oligodendrocyte
glycoprotein (MOG),” transaldolase and S100.6 Genetic studies indicate the
involvement of about 3C single-nucleotide polymorphisms (SNPs), although it
remains to be seen as to the relevance of these SNPs for MS therapeutics

development.?

[0005] Current MS therapies reduce the frequency of relapses but do
not delay the progression of the disease nor do they reverse the destruction of
myelin.®* > " The most popular treatment is Copaxone™ (also known as
Copolymer-1, Cop-1, or Glatiramer acetate), marketed by Teva
Pharmaceuticals. This is an immunomodulator drug and is a random polymer
of four amino acids, glutamic acid, lysine, alanine and tyrosine in the same

proportion found in myelin basic protein (MBP).

[0006] The mechanism by which Copaxone™ exerts its effects in MS
patients is not completely understood. However, it is believed to act by
modifying immune processes that may be responsible for the pathogenesis of
MS. Studies in vitro and in vivo suggest that upon administration, Copaxone ™
-specific suppressor T cells are induced and activated in the periphery.'?'
There are several side effects associated with Copaxone™, and this drug is

not completely effective in delaying the onset of severe or fulminating MS."

[0007] Another popular drug is cannabis extract (dronabinol) used by
MS patients due to its pain relief effects. A clinical study in the UK (the CUPID
study} to determine the ability of dronabinol to slow disease progression in

primary progressive and secondary progressive MS is currently underway.

[oo08] Other clinical trials, for example, involving fingolimod (Gilenya™
by Novartis) to test safety and effectiveness of this drug in primary
progressive MS, laquinimod vs. interferon B-1a (Avonex®) vs placebo to
assess the compound in relapsing-remitting MS and teriflunomide (HMR1726)
to assess the compound in clinically isclated syndrome (CIS), for relapsing-

remitting MS, are actively being pursued in various late stages."
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[0009] A much anticipated oral therapy cladribine (Movectro™) for the
treatment of relapsing forms of multiple sclerosis has been recently withdrawn
from clinical trials by Merck Serono due to its inability to meet U.S. FDA
requirements.**'® Cladribine—an immunomodulator—was believed to work by
interfering with the activity of white blood cells in the central nervous system,
thereby interrupting the immune attacks that cause the unpredictable
symptoms of MS. It must be noted that cladribine in injectable form is used to
treat hairy cell leukemia, thus raising severe safety concerns for long term use

in MS patients simply based on its molecular mechanisms of action.

[0010] Currently, there is a desperate need for novel mechanisms of
preventing and potentially reversing demyelination, such that the treatment
options for demyelinating diseases such as multiple sclerosis can be
conceived with better safety profiles and with clear molecular mechanisms of
action.

[0011] Citrullination and Demyelination. In general, immunological self-

tolerance is an important defense against many autoimmune diseases and its
breakdown in the body leads to various autoimmune diseases. This primarily
arises from the immune recognition of self-proteins that have undergone post-
translational modifications under pathophysiological conditions that would not
happen under normal circumstances.

[0012] Citrullination, a post-translational event, in general is involved in
many cellular processes such as gene regulation, embrycnic development
and differentiation.™'” Lately, the abnormal role of (hyper)citrullination in a
variety of diseases has been uncovered, including in MS, rheumatoid arthritis,
Alzheimer's, scrapie, psoriasis and Creutzfeld-Jacob disease.'® ' Thus the
generation, metabolism and regulation of citrullinated proteins have become a
major focus of research.?®?! For example, deimination (or citrullination) of

histone H3 is correlated to apoptosis of human neural stem cells, and
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inhibition of citrullination showed reduced apoplosis and less tissue loss as

well as enhanced regeneration of neural cells."’

[0013] In MS, extensive studies of hyperciirullinated MBP indicated that
MBP, a key component of the myelin sheath and critical for the maintenance
of myelin compaction, contained the non-coded amino acid citrulline in
abnormal proportions. In normal brain, the “citrullinated MBP” accounts for
20% of the total MBP, whereas in chronic MS it accounts for 45%%2 and in
fulminating MS it is 90% of the MBP.% In a number of studies using a variety

24.25.26,27.28 4 was demonstrated that citrullinated

of biophysical technigues,
MBP prevented compaction of the bilayer, resulting in destabilization of the
membrane and subsequent degradation leading fo demyelination, and an

irreversible damage to the axons. **%°

[0014] Thus, hypercitrullination is at the root of neuropathogenesis due
to demyelination. In the central nervous system, peptidyl arginine deiminases
(specifically PAD2 and PAD4) are responsible for the citrullination.

[0015] PAD Enzymes and Citrullination. Peptidyl arginine deiminase
1,32, 33

(PAD) catalyzes the post-translational citrullination of proteins. *
Citrullination is the process of deimination of Arg residues on select proteins,
or in other words, transformation of Arg into citrulline via deimination (Scheme
1). There are five isozymes of PAD that exist in humans: PAD-1, -2, -3, -4 and
-6. Their expression in tissues varies significantly, regulated by transcriptional
and post-transcriptional mechanisms. PAD2 and PAD4 are specifically implied
in multiple sclerosis, as enhanced levels of these two isoforms are observed

in CNS under inflamed conditions.?"**



WO 2014/019092 PCT/CA2013/050597

5
HoN H.N
>:NH2+ >;O
HN HN
PAD
Protein N Protein - H,0 +NH, Protein\N Protein
H
H O
Arginine Citrulline
Scheme 1
[0016] There is convincing evidence in vivo that higher levels of PAD

activities and hypercitrullination are observed in MS.* For example, a
routinely used MOG-EAE model for MS, which is a CD4(+) T cell-driven
model, induced with the immuncodominant 35-55 peptlide of myelin
oligodendrocyte glycoprotein (pMOG35-55) was used to test whether
citrullination of a T cell epitope can contribute to disease etiopathology.?®*” In
this experimental model, the PAD2 and PAD4 enzymes were significantly
upregulated in the inflamed CNS of the animals. T cells that responded
specifically to the citrullinated pMOG could not initiate the EAE lesion, but
these cells could provoke exacerbation of pathology if transferred into mice
with an ongoing EAE. This experiment strongly suggested that once
inflammation in MS is established, citrullination of target autoantigens can
allow an expanded reperioire of T cells to contribute to CNS pathology, and
enhanced levels of PAD enzymes are observed in these tissues.” A similar
study using the peptides from myelin basic protein (MBP) epitopes indicated
that self-antigens could potentialty trigger the disease in susceptible

individuals carrying citrullinated peptide epitopes.®*>®

[0017] In an elegant study by Oguz et al., it was shown that citrulline is
more frequently identified in the brains of patients in vifro with an early onset

of the MS disease than in the healthy subjects using magnetic resonance
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spectroscopy. * This study and others established the direct correlation

between hypercitrullination and the disease progression in MS !

[0018] Raijmakers et al. reported that PAD2 knockout mice developed
EAE despite the lack of PAD2 which suggested hypercitrullination may be
irrelevant in MS.*? However, the Moscarello group collaborated and obtained
these PAD2 knockout mice from Raijmakers’ lab, extracted MBP from whole
brain digested with t{rypsin and resolved the peptides by mass spectrometry.
Several citrulline-containing MBP peptides were discovered and confirmed
that citrullinated MBP was present in the PAD2 knockout mice.** In addition,
citrullinated CNPase (cyclic nuclectide phospohydrolase, a myelin enzyme)
and MOG (myelin cligodendrocyte glycoprotein) were also detected in these
samples. The citrullinated MBP was generated by PAD4 that is present in the
brain and spinal cord (as does PAD2, if it were present). The PAD2 knockout
mice contained similar amounts of PAD4 as the wild type mice. ** In summary,
protein citrullination is an active process in the PAD2 knockout mice due to
PAD4 activity. Thus, investigations on deiminases and the inhibition of PAD2
and PAD4 enzyme activities are important challenges in pursuit of

understanding demyelinating diseases ?!*3444°

[0019] Inhibitors_of PAD Enzymes. A non-specific, active site PAD
inhibitor, 2-chloroacetamidine (2CA), attenuated MS disease, decreased the

amount of citrullinated protein and decreased PAD activity in the brain in four
animal models of MS: two neurodegenerative and two autoimmune disease

models.*®

[0020] Protein citrullination, expression of PAD protein and the
corresponding enzyme activity in extracts of normal and of normal-appearing
white matter (NAWM) from MS patients have been investigated (Figure 1).*7
PAD?2 protein expression was elevated in NAWM from MS brain, with a
corresponding increase of PAD activity and protein citrullination (Figure 1A).*®

Since PAD4 translecates into the nucleus and affects the transcription, it was
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of interest to look at PAD2 mRNA levels after treatment with 2CA. A decrease
in the mRNA levels indicates the potential inhibitory effect of 2CA on PAD4
activity. The elevated activity of PAD in normal-appearing white matter is 2-4
fold that in the normal tissue. These levels of PAD aiso correlate well with the
elevated levels of citrullinated protein in the white matter of the MS patients, in
comparison to that in normal brain white matter (Figure 1B). Following the
addition of 2CA to NAWM extracts, PAD activity declined, demonstrating that
2CA was effective in human brain extracts dampening the enzymic activity of
PAD (Figure 1C), although 2CA is a non-specific inhibitor. 2CA targets all

PAD isozymes since it's a non-specific inhibitor.

[0021]) 2CA is a covalent inhibitor of PAD4 (Figure 2). This inhibition
patiern was confirmed by treating PAD2 or PAD4 with 2CA, and the mixture
was incubated for one hdur. Then the native enzyme and that treated with
2CA were subjected to tryptic digestion. These peptidic fragments then were
subjected to LC/MS/MS analysis to identify any 2CA modified peptide
fragments in the drug treated samples, which were contrasted with that from
native protein digestion. This fragment analysis led to the identification of the
peptide, FP*°LGEVHC*GTNVR (SEQ ID NO: 1). This peptide sequence
corresponds to the active site region of PAD, and additionally Cys656 is the
catalytic residue in the active site of PAD2 that is modified by an acetamidine
moiety of 2CA confirming the covalent modification of PAD2 with 2CA

[0022] MS Disease attenuation in vivo by 2CA in the ND4 Mouse
Model. The relevance of PAD inhibitors to preventing demyelination and

potentially for the treatment of MS was investigated in mice using four
independent models.*® The ND4 mouse is a transgenic mouse containing 70
copies of the cDNA for DM20 (a myelin proteolipid protein) which
demyelinates spontaneously at 3 months of age. Heterozygous littermates are
normal animals from birth untii 10-12 weeks of age at which stage they
spontaneously develop a non-autoimmune, primary progressive and
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ultimately fatal CNS demyelinating condition.*:* In these mice, disease
progression is associated with increased expression of PAD in myelin, and
hypercitrullination of myelin protein and histone H3 proteins due to the
enhanced levels of PAD.?"*' Thus, this is a good model to evaluate the effect

of drugs on the demyelinating conditions such as MS.

[0023] For the in vivo efficacy determination, ND4 mice were
administered 2CA (5 mg/kg) i.p. every other day. The drug treatment was
initiated either well before disease onset at 2 months of age of the mice or
during early stages after disease onset at 3.5 months of age, and mice were
observed for a pericd of 4-5 months after the initiation of the treatment {Figure
3). Early and prolcnged 2CA administration essentially prevented the disease
{triangle profile in Figure 3A). Most untreated mice were sacrificed with severe
disease by 6 months of age, while none died in the treatment groups and all
mice in the treatment group received the treatment until the end of the study
at 6 months. The second group of mice was administered 2CA after the early
disease onset at age 3.5 months and they did not show disease progression
during the treatment period of up to 6 months of age (Figure 3B), but a mild
disability continued. However, fully progressive clinical disease re-emerged
promptly after therapy cessation at 6 months. The above data providing a
temporal link between demyelinating disease protection by 2CA and relapse
after therapy cessation place PAD-mediated citrullination and disease
progression in the executive arm of transgene-driven pathogenesis in this

demyelinating disease model.*®

[0024] Overall, it can be concluded from the above experiments that
2CA induced dramatic disease attenuation, but reguired continued treatment
with the drug due to obvious persistence of pathogenic transgene expression.

[0025] In further analysis, it was observed that an untreated ND4
transgenic mouse brain exhibited citrullination levels (due to PAD2 and PAD4
activities) higher than those in a normal mouse brain (Figure 4A, second bar
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from the left vs. leftmost bar). When PAD activity was observed right after the
cessation of 2CA treatment (at 6 months), it was found to be attenuated and
was almost equivalent to that observed in a normal mouse brain (Figure 4A,
third bar from the left). Two months after 2CA therapy cessation, however,
PAD activity in the white matter of brain was observed to be considerably
overshot (and rapid disease progression) (Figure 4A, rightmost bar). in further
analysis, PAD2 gene expression measured by its mRNA levels paralleled
citrullination due to PAD activity, suggesting that disease-induced elevations
in citrullination of MBP are regulated at the transcriptional level implying the
participation of PAD2 (Figure 4B).

[0026] The levels of PAD expression and the corresponding enzymatic
activities, hypercitrullination and demyelination were further correlated with
the morphological changes in myelin structure by transmission electron
microscopy (TEM) of optic nerve cross-sections from the 6 months old mice
right after 2CA treatment cessation (Figure 5). In non-transgenic (normal)
ND4 littermates, axons were well myelinated with myelin of uniform thickness
(Figure 5A, left panel). ND4 transgenic mice showed wide areas of myelin
loss, and degradation and nude axons were common following development
of the disease state after 3 months post-birth (Figure 5A, middle panel). At 6
months of age, immediately following 2CA treatment, this morphology in ND4
mice was clearly improved, with few axons seriously affected (Figure 5A, right
panel). However, two months after the cessation of 2CA treatment, myelin
loss and thinning of the axons reappeared (Figure 5B). Luxol-fast-blue
staining of myelin showed impressive myelin deficifs and pronounced
vacuolization in PBS-treated ND4 mice, defects which were dramatically
improved in 2CA-treated mice.”® When treatment was ceased, myelinolysis

re-emerged indicating disease progression, as indicated above.

[0027] . To quantify the above myelin changes, G-ratios (axon

diameterffiber diameter) were calculated from ~500 non-contiguous semi-thin



WO 2014/019092 PCT/CA2013/050597

10

sections per treatment group. Compared to healthy littermates (G-ratio
0.74+0.13), ND4 mice showed a reduction in optic nerve myelin thickness: G-
ratio 0.96+0.3 (p=0.0013). In 2CA-treated ND4 mice, myelin thickness was
slightly improved and showed less variation (G ratio: 0.9+0.15). These
tfreatment data are typical for remyelination, where the original myelin
thickness is never re-achieved. These results strongly suggest that 2CA, a
PAD inhibitor, showed good efficacy in the ND4 transgenic mice attenuating
the hypercitrullination-mediated demyelination, and promoting remyelination.

[0028] Disease attenuation by 2CA in MOG-EAE mouse model. A mora
commonly used fatal MOG-EAE model was also used to test the efficacy of

2CA and to understand the effects of PAD inhibitors on demyelination. Fatal
EAE was induced in C57BL/6 mice with 100 pg of MOG35-55 peptide
emulsified in Freund’'s complete adjuvant and 300 ng of pertussis toxin. At the
earliest sign of disease, typically 9 days post-immunization, groups of mice
received either PBS or 2CA (5 mg/kg i.p., every other day) (Figure 6).
Untreated mice developed progressive disease rapidly and were sacrificed
when moribund around day 19 (Figure 6B). When treated with 2CA starting
day 9, treatment did not affect the disease course until day 14 (when
compared to untreated mice, Figure 6A). After day 14, disease progression
halted, and recovery began, leaving ~50% survival by day 30 (Figure 6B) - a
significant outcome in this aggressive model. When 2CA treatment was
started before immunization, disease lethality was zero. Despite the severity
of disease in this animal model, there was relatively little histopathology in
brain. However, vacuolar demyelination and Iymphoid infiltration were
prominent in the spinal cord of the PBS-treated mice. In the 2CA treatment
group, surviving mice showed much improved, virtually normal spinal

histology (see ref. 46). Additionally, in a separate study using chronic
relapsing EAE model, diseased mice showed significant improvement after
receiving 2CA treatment (for details, see ref. 46).
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[0029] In the 2CA-treated group, some scattered CD3+ T cells were still
detected when very sensitive immunostaining was performed on samples
from treated animals, but the heavy T cell clusters seen in PBS-treated
controls were absent suggesting that when treated with 2CA, the resulting
effect may be the suppression of tissue T cell expansion. PAD activities in the
brain white matter of PBS-treated mice were elevated, as expected, and 2CA
effectively attenuated this elevated PAD activity. In the spinal cord of the EAE
animals also, PAD activities of PBS-treated group were 3-fold higher than that
in the normal mice, but reductions to normal levels were once again observed
following treatment with the PAD inhibitor 2CA. No relapse was observed in
the 2CA-treated group.

[06030] Additional experiments using pMOG35-55 peptide, additional
replacement peptides carrying one or two citrullines in place of one or two Arg
residues in the offensive MOG peptide, indicated that the disease-related T
cell autoreactivity repertoire prominently includes recognition of citrulline-
containing epitopes, an observation with precedence in the literature.® This
led to the conclusion that the inhibition of PAD activities by 2CA in the early
phase of the EAE model preduced a major reduction of autoreactive T cell
pools.** While not wishing to be limited by theory, this could provide a
mechanistic explanation for the 2CA-induced failure to generate the massive
T cell tissue invasion characteristic of the effector phase of this disease. The
remaining infillrates of scattered CD3+ T cells in treated survivors may be
either anergic or non-specific bystanders with little pathogenicity, since there
were no relapses after therapy cessation.

[0031] Overall, these in-depth studies to understand the effects of 2CA
on the spontanecus demyelinating disease (ND4 transgenic mouse) model
and the MOG-EAE model indicated a good potential for study of the inhibitors
of deiminases to inhibit demyelination. 2CA has no specific structural features

that provide specificity to PAD or its isczyme catalytic site. It is a polar
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molecule due to the acetamidine structure, as well as a reasonably reactive
molecule (covalent inhibitor). It has the ability to react with a variety of

nucleophiles in vivo causing irreversible modifications (Figure 2).

[0032] Structures of PAD Enzymes. Structurally, PAD enzymes are

Ca?*-dependent enzymes that catalyze the conversion of arginine residues in
proteins to citruliine via the deimination of the guanidinium moiety in the side
chain of Arg residues.®®® The structure consists of the N-terminal domain
predominately folded into p-sheets, and the C-terminal domain where the
catalytic site is located. The catalytic site, where the substrate binds, has two
Asp residues, one His residue and a Cys residue that are invelved in the
deimination reaction. Acidic amino acids, Asp350 and Asp473, function as
general base residues during the hydrolysis of the amine in the guanidinium
moiety of the peptidyl arginines. These two Asp residues are located in the
bottom of the substrate-binding pocket (Figure 7). 2CA, due to its acetamidine
structure carrying a positive charge, binds at this anionic pocket and modifies
the Cys residue that is in close proximity (Figure 2). 2CA does not carry any
additional structural features that provide it with specificity to inhibit PAD
enzymes only, and nct any other similar enzymes.

[0033] Over the past decade, there have been only a handful of efforts
focused on understanding various ligands, their interactions and the inhibitors
targeting ‘PAD enzymes, and most notably, various peptide derivatives to
understand the substrate and inhibitor properties targeting PAD

enzymes_sg, 55,56, 57

The most potent non-peptidic compounds from these
investigations are chlortetracycline, a tetracycline derivative with an ICgp of
10010 uM as a competitive inhibitor and a substrate analog, F-amidine with

an ICso of 21£2.1 uM as an irreversible inactivator.

SUMMARY OF THE APPLICATION
[0034] In vifro enzymology experiments disclosed herein revealed that
new and known imidazolidinediones are inhibitors of PAD1, PAD2 and PADA4.
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A clear improvement in clinical scores was observed in MOG-EAE mice
receiving, for example, the compound of Formula (la) in comparison to a
control group.®® Analysis of brain samples of these mice revealed that immune
response decreased after treatment with the PAD inhibitor of Formula (la) as
a result of the inhibition of citrullination. Therefore, the compounds of the
present application are useful as medicaments, for example, for treating
diseases, disorders or conditions characterized by or associated with the
hypercitrullination of proteins by peptidyl arginine deiminase (PAD) enzymes
such as PAD1, PAD2 and PAD4.

[0035] Accordingly, the present application includes a method for
treating diseases, disorders or conditions characterized by or associated with
the hypercitrullination of proteins by PAD enzymes comprising administering a

therapeutically effective amount of one or more compounds of the Formula

9]
e
o R
%

R2

wherein

R' and R? are independently selected from Ciealkyl and C,.alkyleneR*:
wherein R* is selected from COOR®, Ph, Cascycloalkyl and NHR®; wherein R°
is selected from H and Cq.salkyl, and R® is selected from H, Ac and Bz;

R is selected from:
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any one of the available hydrogen atoms on R? is optionally substituted with

, in which

Ci4alky!l or cyano; and

m, n, p, and g are, independently, 1, 2 or 3,

or a pharmaceutically acceptable salt or solvate thereof, to a subject in need
thereof Examples of such diseases, disorders or conditions include, for
example, multiple sclerosis (MS), rheumatoid arthritis, Alzheimer's disease,
scrapie, psoriasis and Creutzfeld-Jacob disease.

[0036] The present application also includes a compound of the
Formula I
O
)L A ~ps
Hyo N7 TR
R Lo 0
I
wherein

R' and R? are independently selected from Cqsalkyl and CsalkyleneR*;
wherein R* is selected from COOR?®, Ph, Csecycloalkyl and NHR®, wherein R®
is selected from H and C4salkyl, and R is selected from H, Ac and Bz,
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R®is selected from;

S LN N ;"H
T O D N

N-—-N

SN \ |
o Ay N,

O
o) Aoy
}{) Wq)'LNHz and

any one of the available hydrogen atoms on R® is optionally substituted with

in  which

Ci-salkyl or cyano; and

m, n, p and q are, independently, 1, 2 or 3;
except when R' and R? are Ci.alkyl and R? is piperazinyl, then n does not
equal 1 or 2 and when R® is pyrrolidinyl, n does not equal 1;

or a pharmaceutically acceptable salt or solvate thereof.

[0037] The present application also includes a composition comprising
one or more novel compounds of Formula | as described above and a carrier.
In an embodiment, the composition is a pharmaceutical composition
comprising one or more compounds of Formula | as described above and a

pharmaceutically acceptable carrier.

[0038] Other features and advantages of the present application will
become apparent from the following detailed description. It should be
understood, however, that the detailed description and the specific examples
while indicating embodiments of the application are given by way of illustration
only, the scope of the claims should not be limited by the embodiments set
forth in the examples, but should be given the broadest interpretation
consistent with the description as a whole,
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BRIEF DESCRIPTION OF THE DRAWINGS
[0039] The present application will now be described in greater detail
with reference fo the drawings in which:

[0040] Figure 1 shows (A) levels of PAD2 protein in white matter from
normal and MS human brain by immunoblot (n=5, p<0.0001); (B) citrullinated
protein in white matter of the brain tissue of normal and MS patients,
measured from immunoslot blot as pixel density (nz4, p<0.01); (C} PAD
enzyme activity (i.e. PAD2 and PAD4} in normal and MS tissue, with or
without preincubation with 2CA (n25, p<0.05).*

[0041] Figure 2 shows a model of the covalent complex of 2CA bound
to Cys645 in the active site of PAD4. The sphere labeled Ca® is one of the
Ca”" ions in proximity to the active site.

[0042] Figure 3 shows attenuating effects of the treatment with non-
specific PAD inhibitor 2CA on the demyelinating disease in ND4 mice. {(A)
ND4 mice were treated with PBS or 2CA (5 mg/kg) starting at 2 months of age
well before disease onset (n=5, p<0.0001). (B) ND4 mice treated at disease
onset at 3.5 months of age either with PBS or with 2CA, and the treaiment
was stopped at the age of 8 months (nz4, p<0.0001).

[0043] Figure 4 shows (A) citrullination (PAD2 and PAD4 activities) in
brain extracts of ND4 transgenic mice after treatment with 2CA beginning at
the early onset stage of the disease at 3.5 months, and continuing treatment
up to 8 months age (n=5, p<0.05). PAD activity was evaluated right after the
termination of the treatment at age 6 months (3™ bar), and two months after
discontinuation of the treatment, at age 8 months (4" bar); (B) PAD2 RT-PCR
in individual white matter extracts of normal, PBS- and 2CA-treated ND4 mice
(n=9, p<0.05).

[0044] Figure 5 shows (A) exemplary transmission electron microscopy
(TEM) micrographs of the optic nerve sections from normal, PBS, and 2CA-
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treated ND4 mice (left, middle and right panels, respectively) at 6 months of
age (bar; 2 pm); (B) an exemplary TEM micrograph of optic nerve sections
from 2CA-treated ND4 mice, 2 months after treatment cessation (bar: 2 pm).

[0045] Figure 6 shows (A) the clinical progression (n=5, p<0.0001) and
(B) survival (nz5, p<0.01) during acute MOG-EAE in C57BL/6 mice treated
with PBS or 2CA.

[0046] Figure 7 shows a stereo view of the four selected features in the
catalytic site of PAD4 overlapped onto the enzyme {cartoon model; source:
crystal structure of PAD4 bound by a substrate analog N-benzoyl ethyl ester-
L-arginine amide, PDB code: 1WDA).

[0047] Figure 8 shows (A) Cerebellum from an untreated MOG-EAE
mouse. Arrows indicate CD3 +ve cells (40x magnification). (B) Vessel
(highlighted by double arrows in panel A) surrounded by CD3 +ve cells at
400x magnification. (C) Cerebellum from MOG-EAE mouse treated with the
compound of Formula (la). Note the areas with fewer CD3 +ve cells in
comparison to the untreated animal and contrast with panel A (40x
magnification). {D) Vessel (double arrows in panel C) surrounded by CD3 +ve
cells at 400x magnification.

[0048] Figure 9@ shows (A) Architecture of the catalytic residues in the
active site of PAD4, and the distance between important functional side
chains of the catalytic residues. {B) Structure of the compeound of Formula (1a)
(left panel). The compound of Formula (la) bound in the binding site of PADA4,
as predicted in /n silico docking (right panel). Crystal structure of PAD4 is
used as a template for the in sifico screening (PDB code: 1TWDA). A portion of
the binding site is shown as a Connolly surface, the inhibitor in a ball-and-stick
model and the residues are shown as capped-stick model. (C) PAD4 binding
pocket with extended tunnel. Residues around the tunnel are shown as
capped-stick model.



WO 2014/019092 PCT/CA2013/050597

18

[0049] Figure 10 shows the inhibition of (A) PAD1 and (B} PAD4 by
compounds of Formula I{d)-l{l} in exemplary embodiments of the present
application. Two separate inhibitor concentrations were used at a fixed

concentration of enzyme.

[0050] Figure 11 shows the inhibition of PAD1, PAD2 and PAD4 by
TFA salts of compounds of Formula [{d)-I{I) in exemplary embodiments of the
present application. Inhibitor concentration was (A) 1TmM and (B) 50 uM.

DETAILED DESCRIPTION OF THE APPLICATION
|. Definitions

[0051] Unless otherwise indicated, the definitions and embodiments
described in this and other sections are intended to be applicable to all
embodiments and aspects of the application herein described for which they
are suitable as would be understood by a person skilled in the art.

[0052] As used in this application, the singular forms “a”, “an” and “the”
include plural references unless the content clearly dictates otherwise. For
example, an embodiment including “a compound” should be understood to
present certain aspects with one compound, or two or more additional
compounds.

[0053] In embodiments comprising an “additional” or “second”
component, such as an additional or second compound, the second
component as used herein is chemically different from the other components
or first component. A “third® component is different from the other, first, and
second components, and further enumerated or “additional” components are

similarly different.

[0054] In understanding the scope of the present disclosure, the term
“comprising” and its derivatives, as used herein, are intended to be open

ended terms that specify the presence of the stated features, elements,
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components, groups, integers, and/or steps, but do not exclude the presence
of other unstated features, elements, components, groups, integers and/or
steps. The foregoing also applies to words having similar meanings such as

ST}

the terms, “including”, “having” and their derivatives. The term “consisting”
and its derivatives, as used herein, are intended to be closed terms that
specify the presence of the stated features, eilements, components, groups,
integers, and/or steps, but exclude the presence of other unstated features,
elements, components, groups, integers and/or steps. The term “consisting
essentially of’, as used herein, is intended to specify the presence of the
stated features, elements, components, groups, integers, and/or steps as well
as those that do not materially affect the basic and novel characteristic(s) of

features, elements, components, groups, integers, and/or steps.

[0055] Terms of degree such as ‘“substantially’, “about” and
*approximately” as used herein mean a reasonable amount of deviation of the
modified term such that the end result is not significantly changed. These
terms of degree should be construed as including a deviation of at least £5%
of the modified term if this deviation would not negate the meaning of the

word it modifies.

[0056] The expression “proceed to a sufficient extent” as used herein
with reference to the reactions or process steps disclosed herein means that
the reactions or process steps proceed to an extent that conversion of the
starting material or substrate to product is maximized. Conversion may be
maximized when greater than about 5, 10, 15, 20, 25, 30, 35, 40, 50, 55, 60,
65, 70, 75, 80, 85, 90, 95 or 100% of the starting material or substrate is
converted to product.

[0057] The term “suitable”, as in for example, "suitable reagents”,
"suitable conditions”, “suitable sclvent” or "suitable amount” means that the
selection of a particular compound, group or conditions would depend on the
specific synthetic manipulation to be performed, and the identity of the
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molecule to be transformed, but the selection would be well within the skill of
a person trained in the art. All process steps described herein are to be
conducted under conditions sufficient to provide the product shown. A person
skilled in the art would understand that all reaction conditions, including, for
example, reaction sclvent, reaction time, reaction temperature, reaction
pressure, reactant ratio and whether or not the reaction should be performed
under an anhydrous or inert atmosphere, can be varied to optimize the yield
of the desired product and it is within their skill to do so.

[0058) The terms “protective group” or “protecting group” or “PG” or the
like as used herein refer to a chemical moiety which protects or masks a
reactive portion of a molecule to prevent side reactions in those reactive
portions of the molecule, while manipulating or reacting a different portiocn of
the molecule. After the manipulation or reaction is complete, the protecting
group is removed under conditions that do not degrade or decompose the
remaining portions of the molecule. The selection of a suitable protecting
group can be made by a person skilled in the art. Many conventional
protecting groups are known in the art, for example as described in
“Protective Groups in Organic Chemistry” McOmie, J.F.W. Ed., Plenum Press,
1973, in Greene, TW. and Wuts, P.G.M., "Protective Groups in Organic
Synthesis”, John Wiley & Sons, 3™ Edition, 1999 and in Kocienski, P.
Protecting Groups, 3rd Edition, 2003, Georg Thieme Verlag (The Americas).
Examples of suitable protecting groups include, but are not limited to t-Boc,
Ac, Ts, Ms, silyl ethers such as TMS, TBDMS, TBDPS, Tf, Ns, Bn, Fmoc,
benzoyl, dimethoxytrityl, methoxyethoxymethyl ether, methoxymethyl ether,
pivaloyl, p-methyoxybenzyl ether, tetrahydropyranyl, trityl, ethoxyethyl ethers,
carbobenzyloxy, benzoyl and the like.

[0059] The term “compound(s) of the application” or “compound(s) of
the present application” and the like as used herein includes compounds of
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Formuta |, and a pharmaceutically acceptable salt and/or solvate thereof as
defined herein.

[0060] The term “subject” as used herein includes all members of the

animal kingdom including marmmals, and suitably refers to humans.

[0061] The term “pharmaceutically acceptable” means compatible with

the treatment of subjects, in particular humans.

[0062] The term °“pharmaceutically acceptable salt” means an acid
addition salt or a base addition salt which is suitable for, or compatible with,

the treatment of subjects.

[0063] An acid addition salt which is suitable for, or compatible with, the
treatment of subjects as used herein means any non-toxic organic or
inorganic salt of any basic compound. Basic compounds that form an acid
addition salt include, for example, compounds comprising an amine group.
llfustrative inorganic acids which form suitable salts include hydrochloric,
hydrotrifluoroacetic, hydrobromic, sulfuric and phosphoric acids, as well as
metal salts such as sodium monohydrogen corthophosphate and potassium
hydrogen sulfate. Hustrative organic acids that form suitable salts include
mone-, di-, and tricarboxylic acids such as glycolic, lactic, pyruvic, malonic,
succinic, glutaric, fumaric, malic, tartaric, citric, ascorbic, maleic, benzoic,
phenylacetic, cinnamic and salicylic acids, as well as sulfonic acids such as p-
toluene sulfonic and methanesulfonic acids. Either the mono or di-acid salts
can be formed, and such salts may exist in either a hydrated, solvated or
substantially anhydrous form. In general, acid addition salts are more soluble
in water and various hydrophilic organic solvents, and generally demonstrate
higher meiting points in comparison to their free base forms. The selection of
the appropriate salt will be known to cne skilled in the art. In an embodiment,
the acid addition salt is a hydrochloride or hydrotrifluoroacetic acid salt.
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[0064] A base addition salt which is suitable for, or compatible with, the
treatment of subjects as used herein means any non-toxic organic or
inorganic base addition salt of any acidic compound. Acidic compounds that
form a base addition salt include, for example, compounds comprising a
carboxylic acid group. lllustrative inorganic bases which form suitable salts
include lithium, sodium, potassium, calcium, magnasium or barium hydroxide.
Hlustrative organic bases which form suitable salts include aliphatic, alicyclic
or aromatic organic amines such as methytamine, trimethylamine and picoline,
alkylammonias or ammonia. The selection of the appropriate salt will be

known to a person skilled in the art.

[0065] The formation of a desired compound salt is achieved using
standard technigues. For example, the neutral compound is treated with an
acid or base in a suitable solvent and the formed salt is isolated by filtration,

extraction or any other suitable method.

[0066] The term “solvate” as used herein means a compound or its
pharmaceutically acceptable salt, wherein molecules cof a suitable solvent are
incorporated in the crystal lattice. A suitable solvent is physiologically tolerable
at the dosage administered. Examples of suitable solvents are ethanol, water
and the like. When water is the solvent, the molecule is referred to as a
*hydrate”. The formation of solvates will vary depending on the compound and
the solvate, In general, solvates are formed by dissolving the compound in the
appropriate solvent and isolating the solvate by cooling or using an antisolvent.

The solvate is typically dried or azeotroped under ambient conditions.

[0067] In embodiments of the application, the compounds described
herein have at least one asymmetric centre. Where compounds possess more
than one asymmetric centre, they may exist as diastereomers. It is to be
understood that all such isomers and mixtures thereof in any proportion are
encompassed within the scope of the present application. It is to be further

understood that while the stereochemistry of the compounds may be as
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shown in any given compound listed herein, such compounds may also
contain certain amounts (e.g. less than 20%, suitably less than 10%, more
suitably less than 5%) of compounds of the application having alternate
stereochemistry.

[0068] The term “treating” or “treatment” as used herein and as is well
understood in the art, means an approach for obtaining beneficial or desired
results, including clinical results. Beneficial or desired clinical results can
include, but are not limited to, alleviation or amelioration of one or more
symptoms or conditions, diminishment of extent of disease, stabilized (i.e. not
worsening) state of disease, preventing spread of disease, delay or slowing of
disease progression, amelioration or palliation of the disease state,
diminishment of the reoccurrence of disease, and remission (whether partial
or total), whether detectable or undetectable. “Treating” and “treatment” can
also mean prolonging survival as compared to expected survival if not
receiving treatment. “Treating” and “treatment’ as used herein also include
prophylactic treatment. For example, a subject with early MS can be treated to
prevent progression, or alternatively a subject in remission can be treated with
a compound or composition described herein to prevent recurrence,
Treatment methods comprise administering to a subject a therapeutically
effective amount of one or more of the compounds of the application and
optionally, consists of a single administration, or alternatively comprises a
series of administrations. For example, the compounds of the application may
be administered at least once a week. However, in another embodiment, the
compounds may be administered to the subject from about one time per three
weeks, or about one time per week to about once daily for a given treatment.
In another embodiment, the compounds are administered 2, 3, 4, 5 or 6 times
daily. The length of the treatment period depends on a variety of factors, such
as the severity of the disease, the age of the patient, the concentration, the
activity of the compounds of the application, and/or a combination thereof. It
will also be appreciated that the effective dosage of the compound used for
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the treatment or prophylaxis may increase or decrease over the course cof a
particular treatment or prophylaxis regime. Changes in dosage may result and
become apparent by standard diagnostic assays known in the art. In some
instances, chronic administration may be required. For example, the
compounds are administered to the subject in an amount and for a duration
sufficient to treat the patient.

[0069] “Palliating® a disease or disorder means that the extent and/or
undesirable clinical manifestations of a disorder or a disease state are
lessened and/or time course of the progression is slowed or lengthened, as
compai'ed to not treating the disorder.

[0070] The term “prevention” or “prophylaxis”, or synonym thereto, as
used herein refers to a reduction in the risk or probability of a patient
becoming afflicted with a disease, disorder or condition characterized by or
associated with the hypercitrullination of proteins by PAD enzymes or
manifesting a symptom associated with a disease, disorder or condition
characterized by or associated with the hypercitrullination of proteins by PAD
enzymes.

[0071] As used herein, the term “effective amount’ or “therapeutically
effective amount” means an amount effective, at dosages and for periods of
time necessary {0 achieve the desired result. For example, in the context of
treating a disease, disorder or condition characterized by or associated with
the hypercitrullination of proteins by peplidyl arginine deiminase {(PAD)
enzymes, an effective amount is an amount that, for example, reduces the
hypercitrullination of proteins compared to the hypercitrullination of proteins
~without administration of the compound. Effective amounts may vary
according to factors such as the disease state, age, sex and/or weight of the
subject. The amount of a given compound that will correspond to such an
amount will vary depending upon various factors, such as the given drug or

compound, the pharmaceutical formulation, the route of administration, the
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type of condition, disease or disorder, the identity of the subject being treated,
and the like, but can nevertheless be routinely determined by one skilled in
the art.

[0072] The terms “characterized by” or “associated with” as used herein
refers to a disease, disorder or condition in a subject wherein at least one of
the causes is an enhanced level of activity in one or more of the PAD
enzymes that catalyze the post-translational citrullination of proteins,
compared to subjects that do not have the disease, disorder or condition. In
an embodiment, PAD enzyme is PAD1, PAD2, PAD3, PAD4 and/or PADS. In
a further embodiment, the PAD enzyme is PAD1, PAD2 and/or PAD4, |n yet
another embodiment, the PAD enzyme is PAD2 and/or PADA4.

[0073] The term “administered” as used herein means administration of
a therapeutically effective dose of a compound or composition of the
application to a cell either in cell culture or in a patient.

[0074] The term “alkyl” as used herein, whether it is used alone or as
part of another group, means straight or branched chain, saturated alkyl
groups. The term Ciealkyl means an alkyl group having 1, 2, 3, 4, 5 or 6
carbon atoms.

[0075] The term “alkylene” as used herein, whether alone or as part of
another group, means an alkyl group that is bivalent; i.e. that is substituted on
two ends with another group.

[0076] The term “cycloalkyl” as used herein, whether it is used alone or
as part of another group, means cyclic, saturated alkyl groups. The term
Cascycloalkyl means a cycloalkyl group having 3, 4, 5 or 6 carbon atoms.

[0077] The term “optionally substituted” as used herein means that the
referenced group or atom is unsubstituted or substituted with another
(different) group.
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[0078] The term “available hydrogen atoms® as used herein refers to
hydrogen atoms on a molecule that can be replaced with another group under
conditions that will not degrade or decompose the parent compound. Such
conditions include the use of protecting groups to protect sensitive functional

groups in the molecule while the hydrogen atom is being replaced.

[0079] 2CA as used herein refers to 2-Cl-acetamidine:
NH

HN )-K/C}
[0080] Ac as used herein refers to the group acetyl.
[0081] Bz as used herein refers to the group benzoyl.
[0082] Ph as used herein refers to the group phenyl.
[0083] t-Boc as used herein refers to the group butyloxycarbonyl.
[0084] Ts (tosyl) as used herein refers o the group p-toluenesulfonyl
[0085] Ms as used herein refers to the group methanesulfonyl
[0086] TEBDMS as used herein refers to the group t-butyldimethylsily!.
[0087] TBDPS as used herein refers to the group t-butyldiphenylsilyl.
[0088] TMS as used herein refers to the group trimethyisilyl.
[0089] Tf as used herein refers to the group trifluocromethanesulfonyl.
[0090] Ns as used hergin refers to the group naphthalene suiphonyl.
[0091] Bn as used herein refers to the group benzyl.
[0092] Fmoc as used here refers to the group

fluorenylmethoxycarbonyl.

[0093] The term “piperazinyl” as used herein refers to the group:
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[0094] The term “pyrrolindyl” as used herein refers to the group:
)
Il. Methods and Uses of the Application
[0095] As noted above, in vitro enzymology experiments disclosed

herein revealed that new and known imidazolidinediones are inhibitors of
PAD1, PAD2 and PAD4. A clear improvement in clinical scores was observed
in MOG-EAE mice receiving the compound of Formula (1a) in comparison to a
control group. Analysis of brain samples of these mice revealed that immune
response decreased after treatment with the PAD inhibitor of Formula (la) as
a result of the inhibition of citrullination. Therefore, the compounds of the
present application are useful for treating diseases, disorders or conditions
characterized by or associated with the hypercitrullination of proteins by
peptidyl arginine deiminase {(PAD) enzymes.

[0096] Accordingly, the present application includes a method for
treating diseases, disorders or conditions characterized by or associated with
the hypercitrullination of proteins by PAD enzymes comprising administering a
therapeutically effective amount of one or more of the compounds of the
Formuia I:

0

HN I\I/ei?R3

R‘>;:\O

PCT/CA2013/050597
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wherein

R' and R? are independently selected from Ci alkyl and Cq.4 alkyleneR*;
wherein R* is selected from COOR?®, Ph, Cy.cycloalkyl and NHR®: wherein R®
is selected from H and Cysalkyl, and R® is selected from H, Ac and Bz;

R? is selected from:

Ay fon. ¥ o b
D S TS T

N—N
. _N H
’ L\:N ' }J“ﬂ/ﬂﬁNHg ' E{NTHFNHz
N ]

0

3?: \Hq)J\NHz and

any one of the available hydrogen atoms on R® is optionally substituted with
Cq4alky! or cyano; and

. in which

m, n, p, and q are, independently, 1, 2 or 3,
or a pharmaceutically acceptable salt or solvate thereof, to a subject in need
thereof.

[0097] The application also includes a use of a compound of Formula I

wherein
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R' and R? are independently selected from Cqealkyl and C1-4alkyleneR4;

wherein R* is selected from COOR®, Ph, Cagcycloalkyl and NHR?; wherein R®

is selected from H and Cygalkyl, and R is selected from H, Ac and Bz;

R? is selected from;

5 S SEIEN
UH | I\Q\;_(C1;4a1ky.) EN |

H

;Sr'/N \sz N\ .SHLNJN\ 3
. N A VKR SN @ SN
e T g,

H O
%{N\H/H‘NH N N
pR2 }z NH, ‘E'NHZ and \\/>
0o 1 in which

any one of the available hydrogen atoms on R? is optionally substituted with

Ci4alky! or cyano; and

m, n, p, and g are, independently, 1, 2 or 3,

or a pharmaceutically acceptable salt or solvate thereof, for treating diseases,
disorders or conditions characterized by or associated with the
hypercitrullination of proteins by PAD enzymes.

[0098] The application further includes a use of a compound of Formula I

o

)LN’Hn\R:‘

1
RRZO

HN

wherein
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R' and R? are independently selected from Cisalkyl and Ci.salkyleneR*:
wherein R* is selected from COOR?®, Ph, Csscycloalkyl and NHR®; wherein R®
is selected from H and Cygalkyl, and R® is selected from H, Ac and Bz;

R?is selected from:

?S:N 5 ‘N/\ ?{N/%

T NG ST i WA

W N e N SN
Ty TN TN S,
\/> \( 7 N/ SSSJ” NH2

N-N

H O
N H 55
g N
bL*z WNHQ , :LQN\‘«HLNHz , “%“NHQ and O
q

any one of the available hydrogen atoms on R is optionally substituted with

, in which

Cy.4alkyl or cyano; and

m, n, p, and g are, independently, 1, 2 or 3,

or a pharmaceutically acceptable salt or solvate thereof, for the preparation of
a medicament for treating diseases, disorders or conditions characterized by
or associated with the hypercitrullination of proteins by PAD enzymes.

[0099] The application still further includes a compound of Formula |

o)

)X\?]/%an\w

;
RRZO

HN

wherein
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R' and R? are independently selected from Cigalkyl and CisalkyleneR*;
wherein R* is selected from COOR?, Ph, Csscycloalkyl and NHR®; wherein R®
is selected from H and Cyalkyl, and RS is selected from H, Ac and Bz;

R? is selected from:

i~ SN EIEN
UH | Q-(c1_’4a|ky[) EN

N ;;H SN
- \ \N’\\ N
A B R T

N-N N

H 0
%’NWNH H oy
p T2 ’}% NH, '%‘NHz and Q
0 q in which

7

any one of the available hydrogen atoms on R? is optionally substituted with

Cisalkyl or cyano; and

m, n, p, and q are, independently, 1, 2 or 3,
or a pharmaceutically acceptable salt or solvate thereof, for use in treating
diseases, disorders or conditions characterized by or associated with the

hypercitrullination of proteins by FAD enzymes.

[00100] The application yet further includes a compound of Formula I

O

}LN’H?R?’

HN

wherein
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R’ and R? are independently selected from Cisalkyl and CqsalkyleneR*;
wherein R* is selected from COOR?®, Ph, Csscycloalkyl and NHR®; wherein R®
is selected from H and Cqalkyl, and RS is selected from H, Ac and Bz;

R? is selected from:

H
;SSJ /N ‘;5;' N\ f{N’N\
' N N Pt

H O
N H ooy
i N
RL% \g/ktNHz , B{NTJ)}LNHz ; —g-NH2 and Q
q

which any one of the available hydrogen atoms on Ris optionally substituted

in

H

with C4_4alkyl or cyano; and

m, n, p, and q are, independently, 1, 2 or 3,
or a pharmaceutically acceptable salt or solvate thereof, for use as a

medicament.

[00101] In embodiments of the application, R' and R? in the compounds
of Formula | are independently Cqsalkyl. It is a further embodiment that R’
and R? are independently selected from methyl, ethyl, isopropy!, fert-butyl and
isopentyl.

[00102] in another embodiment of the application, R' and R? in the
compounds of Formula | are independently Cq.alkyleneR* wherein R* is
selected from COOR®, Ph, CasCycloalkyl and NHR®: wherein R? is selected
from H and Ci.salkyl, and R® is selected from H, Ac and Bz. It is a further
embodiment that R and R? are independently selected from CH,COOC;Hs,
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CH,COOtBu, CH,CH,COOH, CH;CH,CH,COOH, CH,Ph, CH,CHsPh, CHy—
cyclohexyl, CHoCHoNH,, CH,CH,CH,NHa, CH.CHoNHAC, CHoCHoNHBz,
CH,CH2CH,NHAc and CH,CH,CH,NHBz.

[00103] in an embodiment, any one of the available hydrogen atoms on
one of the heterocyclic groups of R® is optionally substituted with Cq_salkyl or

cyano.
[00104] In an embodiment, R® in the compounds of Formula | is selected
from:
. N CH3 ;{‘
T Ay ?{N/\kw ;\\lf/N'
Lo NNty LN =T
HaC CN
0 LN CHg CHy
’;\fN'> ‘;\/ ' r\[ v F b ﬁN/\kN ?{N/{\N :
HN—  Nep (A \Q<

[00105] In another embodiment of the application, R® in the compounds

of Formula | is piperazinyl.

[00106] In another embodiment, R® in the compounds of Formula | is
H
AN P $N SN
S NN ~
!\\‘;\/N ' \:_-_-_/N ! \@ or \W N
"N HN N--N In another embodiment,

ﬁN/\\N
R® in the compounds of Formulalis =/ .

[00107] In another embodiment, R® in the compounds of Formula | is

H 0
N N
. \(’-)rhtNHg or % .T#LNH?_
q .
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[00108] In another embodiment, n in the compounds of Formula lis 1 or
2.

[00109] In another embodiment, m in the compounds of Formula | is 1 or
2.

[00110] In another embodiment, p and q in the compounds of Formula |
is 1.

[00111] It is an embodiment of the methods and uses of the application,

that the compound of Formula | is selected from a compound of Formula (la),
Formula (Ib) and Formula (Ic):

o 0 0

A N PN

N Ny HN) LY AN N
Hacﬁ’é% QH ’ chj"{\o QH e Hﬁj"%O K/QIH
CHy \\,/O\ O
|
la 0 b 0 le

[00112] It is an embodiment of the methcds and uses of the application,

that the compound of Formula | is selected from a compound of Formula (lg)

and Formula (lh).

o] o]
=\ 2
HN)kN/\/'NwN HN)LN'N/N\)-L\NH
' and ?
e cHy © e CH; ©
Ig th
[00113] It is a further embodiment of the methods and uses of the

application that the compound of Formula 1 is the compound of Formuta (l1a}.

[00114] In a further emboediment, the compounds of Formula | are acid
addition salts. In a further embodiment, the acid salt is a trifluoroacetic acid
salt. In another embodiment, the acid salt is a hydrochloric acid salt.
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[00115] in embodiments of the application, the diseases, disorders or
conditions characterized by or associated with the hypercitrullination of
proteins by PAD enzymes such as PAD1, PAD2 and PAD4 include, for
example, multiple sclerosis (MS}, rheumatoid arthritis, Alzheimer's disease,
scrapie, psoriasis and Creutzfeld-Jacob disease. It is an embodiment that the
disease, disorder or condition is multiple sclerosis.

[00116] In embodiments of the application, the PAD enzyme is PAD1,
PADZ and/or PAD4. In another embodiment of the apblication, the PAD
enzyme is PAD2 and/or PAD4. In another embodiment of the application, the
PAD enzyme is PAD2. In a further embodiment of the application, the PAD
enzyme is PAD4.

MI. Compeositions of the Application

[00117] The present application also includes a composition comprising
one or more compounds of Formula I:

O
HN)LN/H"\RS
R’ 0

R2

wherein

R' and R? are independently selected from Cigalkyl and Ci4alkyleneR®;
wherein R* is selected from COOR?®, Ph, Csscycloalkyl and NHR®: wherein R®
is selected from H and Cqealkyl, and R® is selected from H, Ac and Bz;

R is selected from:

R% is selected from:
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N“N

ol o 1
'}{ \HQ)J\NHz and

any one of the available hydrogen atoms on R® is optionally substituted with

in which

C1.4alkyl or cyano; and
m, n, p and q are, independently, 1, 2 or 3;

except when R' and R? are Cqzalkyl and R® is piperazinyl, then n does not
equal 1 or 2 and when R? is pyrrolidinyl, n does not equal 1;
or a pharmaceutically acceptable salt or sclvate thereof, and a carrier.

[00118] Said compounds of Formula | are suitably formulated into
pharmaceutical compositions for administration to subjects in a biotogically
compatible form suitable for adminisiration in vivo. Accordingly, the present
application further includes a pharmaceutical composition comprising one or
more compounds of said compounds of Formula I:
wherein

' and R? are independently selected from Cigalkyl and CysalkyleneR*
wherein R* is selected from COOR?®, Ph, C; scycloalkyl and NHR®; wherein R®
is selected from H and C4.salkyl, and R® is selected from H, Ac and Bz;
R%is selected from:
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J N : ELNN : ;’f‘ﬁ’ﬁ\NHz

oo 5
N
\H/H\NHz % \*/}J\NHQ , NH2 and Q
, in which

any one of the available hydrogen atoms on R®is optionally substituted with
C14alkyl or cyano; and

m, n, p, and g are, independently, 1, 2 or 3,
or a pharmaceutically acceptable salt or solvate thereof,
and a pharmaceutically acceptable carrier.

[00119] In embodiments of the application, R' and R? in the compounds
of Formula | are independently Csalkyl. It is a further embodiment that R’
and R? are independently selected from methyl, ethyl, isopropyl, tert-butyl and
isopentyl. |

[00120] In another embodiment of the application, R' and R? in the
compounds of Formula | are independently Ci.alkyleneR* wherein R* is
selected from COOR® Ph, Cascycloalkyl and NHR®, wherein R® is selected
from H and Cigalkyl, and R® is selected from H, Ac and Bz. it is an
embodiment that R' and R? are independently selected from CH,COOC,Hs,
CH,COOtBu, CH,CH,.COQOH, CH,CH,CH,COOH, CH.Ph, CH.CH.Ph, CHo—
cyclohexyl, CH;CHoNHa, CH,CH2CHoNH, CHCHoNHAG, CH,CH.NHBz,
CH»CH>CH2NHACc and CH,CH>CH>NHBz.
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[00121] In an embodiment, any one of the available hydrogen atoms on

one of the heterocyclic groups of R* is optionally substituted with Cy.4alky! or

cyano.
[00122] In an embodiment, R? in the compounds of Formula | is selected
from:
5 S /EHB HIEN
SN N LN Sl TNy
I\/)st t L NG alkyl) N )Q/N‘ \i‘(
H,C CN
C N H 5 N CHsy CHg
o T A T G
HN Ny =N = =
CHj
H o o
o.N N
% WNHZ , ?ﬁ“\f")q)LNHg’ ’é’NHz and Q
[00123] In yet another embodiment of the application, R® in the

compounds of Formula | is piperazinyl.

[00124] In another embodiment, R® in the compounds of Formula | is
. H
;,S\N/N\ é:iN/%

‘rfr‘\//N sfs N\
~ y N ,
\:N’N b/ N J ” E,\l”N

LN
3. s e/
R~ in the compounds of Formula | is

~

In another embodiment,

[00125] In another embadiment, R? in the compounds of Formula | is
0]
o i
' \E&NHZ or % NH,
O 9 .
[00126] In another embodiment, n in the compounds of Formula | is 1 or
2.
[00127] In another embodiment, m in the compounds of Formula 1 is 1 or

2.
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[00128] In ancther embodiment, p and g in the compounds of Formula |
is 1.
[00129] In a further embodiment of the application, the compound of

Formula | is a compound of Formula (Ib):

8]

)N

HN

N/\N )
g3c o K/NH
\/

o Ib

[00130] In yet a further embodiment of the application, the compound of

Formula | is a compound of Formula (Ic}):

HsC
>(_o
0

[00131] In yet a further embodiment of the application, the compound of

Ic

Formula | is a compound of Formula (Ig):

0 ==\
N
i’ NS AN
chy ©

[00132] In yet a further embodiment of the application, the compound of

Formula | is a compound of Formula (lh):
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[00133] In a further embodiment, the compound of Formuta | is an acid
addition salts. In a further emboediment, the acid salt is a triflucreacetic acid
salt. In another embodiment, the acid salt is a hydrochloric acid salt.

[00134] The compounds of the application may be formulated for
administration to a subject in a variety of forms depending on the selected
route of administration, as will be understood by those skilled in the art. A
compound of the application may be administered, for example, by cral,
parenteral, buccal, sublingual, nasal, rectal, patch, pump or transdermal
administration and the pharmaceutical compositions formulated accordingly.
Parenteral administration includes intravenous, . intraperitoneal, subcutaneous,
inframuscular, transepithelial, nasal, intrapuimonary, intrathecal, rectal and
topical modes of administration. Parenteral administration may be by
continuous infusion over a sefected period of time. Conventional procedures
and ingredients for the selection and preparation of suitable compositions are
described, for example, in Remington's Pharmaceutical Sciences (2000 - 20th
edition) and in The United States Pharmacopeia: The National Formulary
(USP 24 NF19) published in 1999.

[00135] A compound of the application may be orally administered, for
example, with an inert diluent or with an assimilable edible carrier, or it may
be enclosed in hard or soft shell gelatin capsules, or it may be compressed
into tablets, or it may be incorporated direcily with the food of the diet. For oral
therapeutic administration, the compound may be incorporated with excipient
and used in the form of ingestible tablets, buccal tablets, froches, capsules,
elixirs, suspensions, syrups, wafers, and the like. Qral dosage forms also
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include modified release, for example immediate release and timed-release,
formulations. Examples of modified-release formulations include, for example,
sustained-release (SR), extended-release (ER, XR, or XL), time-release or
timed-release, controlled-release (CR), or continuous-release {CR or Contin),
employed, for example, in the form of a coated tablet, an osmotic delivery
device, a coated capsule, a microencapsulated microsphere, an
agglomerated particle, e.g., as of molecular sieving type particles, or, a fine
hollow permeable fiber bundle, or chopped hollow permeable fibers,
agglomerated or held in a fibrous packet. Timed-release compositions can be
formulated, e.g. liposomes or those wherein the active compound is protected
with differentially degradable coatings, such as by microencapsulation,
multiple coatings, etc. Liposome delivery systems include, for example, small
unilamellar vesicles, large unilamellar vesicles and multilamellar vesicles.
Liposomes can be formed from a variety of phospholipids, such as cholesterol,
stearylamine or phosphatidylcholines.

[00136] ~ It is also possible to freeze-dry the compounds of the application
and use the lyophilizates obtained, for example, for the preparation of

products for injection.

[00137] A compound of the application may also be administered
parenterally. Sclutions of a compound of the application can be prepared in
water suitably mixed with a surfactant such as hydroxypropylceliulose.
Dispersions can also be prepared in glycerol, liquid polyethylene glycols,
DMSO and mixtures thereof with or without aicohol, and in oils. Under
ordinary conditions of storage and use, these preparations contain a
preservative to prevent the growth of microorganisms. A person skilled in the

art would know how to prepare suitable formulations.

[00138] The pharmaceutical forms suitable for injectable use include
sterile aqueous solutions or dispersion and sterile powders for the

extemporaneous preparation of sterile injectable solutions or dispersions. In
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all cases, the form must be sterile and must be fluid to the extent that easy

syringability exists.

[00139] Compositions for nasal administration may conveniently be
formulated as aerosols, drops, gels and powders. Aerosol formulations
typically comprise a solution or fine suspension of the active substance in a
physiologically acceptable agueous or non-agueous solvent and are usually
presented in single or multidose quantities in sterile form in a sealed container,
which can take the form of a cartridge or refill for use with an atomising device.
Alternatively, the sealed container may be a unitary dispensing device such
as a single dose nasal inhaler or an aerosol dispenser fitted with a metering
valve which is intended for disposal after use. Where the dosage form
comprises an aerosol dispenser, it will contain a propellant which can be a
compressed gas such as compressed air or an organic propellant such as
fluorochlorohydrocarbon. The aerosol dosage forms can also take the form of

a pump-atomizer.

[00140] Compositions suitable for buccal or sublingual administration
include tablets, lozenges, and pastilles, wherein the active ingredient is
formulated with a carrier such as sugar, acacia, tragacanth, or gelatin and
glycerine. Compositions for rectal administration are conveniently in the form
of suppositories containing a conventional suppository base such as cocoa
butter.

[00141] Compounds of the application may also be delivered by the use
of monoclonal antibodies as individual carriers to which the compound
molecules are coupled. Compounds of the application may also be coupled
with soluble polymers as targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide-
phenol,  polyhydroxy-ethylaspartamide-phenol, or  polyethyleneoxide-
polylysine substituted with palmitoyl residues. Furthermore, compounds of the
application may be coupled to a class of biodegradable polymers useful in
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achieving controlled release of a drug, for example, polylactic acid,
polyglycolic acid, copolymers of polylactic and polyglycolic acid, polyepsilon
caprolacione, polyhydroxy butyric acid, polyorthoesters, polyacetals,
polydinydropyrans, polycyanoacrylates and crosslinked or amphipathic block
copolymers of hydrogels.

[00142] Compounds of the application may be used alone or in
combination with other known agents useful for treating diseases, disorders or
conditions characterized by or associated with the hypercitrullination of
proteins by PAD enzymes such as PAD2 and PAD4. When used in
combination with other agents useful in treating diseases, disorders or
conditions characterized by or associated with the hypercitrullination of
proteins by PAD enzymes such as PAD2 and PAD4, it is an embodiment that
the compounds of the application are administered contemporaneously with
those agents. As used herein, “contemporaneous administration” of two
substances to a subject means providing each of the two substances so that
they are both biologically active in the individual at the same time. The exact
details of the administration will depend on the pharmacokinetics of the two
substances in the presence of each other, and can include administering the
two substances within a few hours of each other, or even administering one
substance within 24 hours of administration of the other, if the
pharmacokinetics are suitable. Design of suitable dosing regimens is routine
for one skilled in the art. In particular embodiments, two substances will be
administered substantially simultaneously, i.e., within minutes of each other,
or in a single composition that contains both substances. It is a further
embodiment of the present application that a combination of agents is
administered to a subject in a non-contemporaneous fashion.

[00143] The dosage of compounds of the application can vary
depending on many factors such as the pharmacodynamic properties of the
compound, the mode of administration, the age, health and weight of the
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recipient, the nature and extent of the symptoms, the frequency of the
treatment and the type of concurrent treatment, if any, and the clearance rate
of the compound in the subject to be treated. One of skill in the art can
determine the appropriate dosage based on the above factors. Compounds of
the application may be administered initially in a suitable dosage that may be
adjusted as required, depending on the clinical response. As a representative
example, oral dosages of one or more compounds of the application will
range between about 1 mg per day to about 1000 mg per day for an adult,
suitably about 1 mg per day to about 500 mg per day, more suitably about 1
mg per day to about 200 mg per day. In an embodiment of the application,
compositions formulated for oral administration and the compounds are
suitably in the form of tablets confaining 0.25, 0.5, 0.75, 1.0, 5.0, 10.0, 20.0,
25.0, 30.0, 40.0, 50.0, 60.0, 70.0, 75.0, 80.0, 90.0, 100.0, 150, 200, 250, 300,
350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950 or 1000 mg
of active ingredient per tablet. Compounds of the application may be
administered in a single daily dose or the total daily dose may be divided into

two, three or four daily doses.

IV. Compounds of the Application

[00144] Novel imidazolidinediones showing inhibition of PAD1, PAD2
and PAD4 have been prepared.

[00145] Accordingly, the present application includes a compound of the

Formula [:
O
HN)X\N/%RS
R e ©

wherein
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R' and R? are independently selected from Cigalkyl and CqsalkyleneR*
wherein R* is selected from COOR?®, Ph, C;scycloalkyl and NHR®; wherein R®
is selected from H and C,alkyl, and R is selected from H, Ac and Bz;

R® is selected from:

. : o
;{N/\ ! ’-{N/Q\\N , :'ej /N ‘ }f\/N\ .
k/NH .y Y, ,\\LNUN

:'77: \Hq)J\NHz and

any one of the available hydrogen atoms on R® is optionally substituted with

in which

Ci.salky! or cyano; and
m, n, p and q are, independently, 1, 2 or 3;

except when R and R? are C+.,alkyl and R® is piperaziny!, then n does not
equal 1 or 2 and when R® is pyrrolidinyl, n does not equal 1; or a
pharmaceutically acceptable salt or solvate thereof.

[00146] In embodiments of the application, R" and R? are independently
Crsalkyl. Itis a further embodiment that R' and R? are independently selected
from methyl, ethyl, isopropyl, fert-butyl and isopentyl,

[00147] In another embodiment of the application, R' and R? are
independently Cq4alkyleneR* wherein R* is selected from COOR?®, Ph, Cs
scycloalkyl and NHR®; wherein R is selected from H and Cysalkyl, and R® is
selected from H, Ac and Bz It is an embodiment that R' and R? are
independently selected from CHpCOOC;Hs, CH,COOtBu, CH;CH,COOH,
CH;CH;CH,COOH, CH,Ph, CH,CHsPh, CHy—cyclohexyl, CH;CH:NH,,
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CH2CH2CH2NH,, CHCH:NHAc, CH,CH;NHBz, CH;CH,CH;NHAc and
CH.CHoCHaNHBz.

[00148] In an embodiment, any one of the available hydrogen atoms on
one of the heterocyclic groups of R® is optionally substituted with Cq.alkyf or

cyano.
[00149] In an embodiment, R® in the compounds of Formula | is selected
from:
f ¢ ' EID TN
N o SN N NN
HaC CN
H CHs CHs
N .
PN ¥ \N‘N fN N ff‘N'H;NHg fN/\kN sjjjN Ty
HN— Ny = N = =
CHy
H i e
LL*?’NTH:NHZ lf'z,’k'*(v))kNH g NH:  apd
0 q
[00150] In yet another embodiment of the application, R® is piperazinyl.
[00151] In another embodiment, R® in the compounds of Formula | is

H
SN L AN RN
NL-_—_-!:/N , \Q/N . Eﬁ} or T N

N~N | In another embodiment,

?{N/\\
3; H E/N
R* in the compounds of Formula | is .

[00152] In another embodiment, R* in the compounds of Formula | is
H o
H
%’NWNHQ o L‘HNMJ\
- NH
O T )
[00153] In another embodiment, n in the compounds of Formula lis 1 or

2.
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[00154] In another embodiment, m in the compounds of Formulalis 1 or
2.
[00155] In another embodiment, p and g in the compounds of Formula |
is 1.
[00156] In a further embodiment of the application, the compound of

Formula | is a compound of Formula (ib):

0

S

HN N/w
HiC o K/NH
~_-0
o Ib
[00157] In yet a further embediment of the application, the compound of

Formula | is a compound of Formula (Ic):

0

PN

HN N/\N/H

HsC K/NH

o
o)

[00158] In yet a further embodiment of the application, the compound of

lc

Formula | is a compound of Formula (Ig):

O p——

)
HN/LLN/\\/'NWN

HC
CH, ©

g

[00159] In yet a further embodiment of the application, the compound of

Formula !l is a compound of Formula (lh):
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[00160] in a further embodiment, the compounds of Formula | are acid
addition salts. in a further embodiment, the acid salt is a trifluoroacetic acid
salt. In another embodiment, the acid salt is a hydrochleric acid salt.

[00161] ~The preparation of the compounds of the application can be
performed using methods known in the art using solvents and reagents
obtained from commercial sources. For example, a suitable compound of
Formula Il

wherein

R' and R? are independently selected from Cigalkyl and CisalkyleneR*;
wherein R* is selected from COOR?®, Ph, Csgcycloalkyl and NHR®: wherein R®
is selected from H and Cqalkyl, and R® is selected from H, Ac and Bz;

is reacted with suitable reagents under conditions suitable to form a

compound of Formula I
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wherein

R' and R? are independently selected from Cigalkyl and Cq4alkyleneR*:
wherein R* is selected from COOR?, Ph, Cagcycloalkyl and NHR? wherein R®
is selected from H and C;¢alkyl, and R® is selected from H, Ac and Bz:

R?is selected from:
LNH N-(Cilaalkyh) \o/
;55’ N

‘ss" ﬁ f N

- N \N’ N -

' N N SN hae,
II/ \W v E S;m wNH2

N~N

H O
N H %
frid N
"LL{ \"orH;NHZ , ?%.N\HJ\NHZ . _g_NHZ and Q
q

one of the available hydrogen atoms on R® is optionally substituted with Ci.

. in which any

salkyl or cyano; and

m, h, p, and g are, independently, 1, 2 or 3,

The identity of the suitable reagents for reaction with the compounds of
Formula Il to obtain the compounds of the application would be known fo a
person skilled in the art based on the desired values for n and R®. For

example, to prepare a compound of Formula (la):
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jS\N/\\N

a suitable amount of piperazine is added to a solution of a suitable amount of
5,5-dimethylhydantoin in a suitable solvent, for example ethanol at, for
example, about room temperature, and the reaction mixture allowed to heat at
a suitable temperature, for example at about 20 °C to about 150 °C or about
70 *C, then a suitable amount of formaldehyde is added dropwise, and the
reaction mixture allowed to stir for a time for the conversion of the reactants to
the compound of Formula (la) to proceed to a sufficient extent, for example

about 0.1 hour to about 24 hours, or about 1 hour.

[00162] The compounds of Formula Il may be commercially available,
for example 5 5-dimethylhydantoin is available from Sigma-Aldrich™. The
compounds of Formula 11 may also be prepared using methods known in the

art. For example, the compound of the Formula {lIb):

O

HN" 'NH

R;
R, ©

b Ry=CHj, R, = -CH,CO0C,H;

is prepared by heating suitable amounts of ethylacetoacetate, ammonium
carbonate and potassium cyanide in a suitable solvent, for example, 50:50
ethanol:water at a suitable temperature, for example at about 20 °C to about
150 °C, or about 75 °C for a time for the conversion of the reactants to the
compound of Formula (IIb) to proceed to a sufficient extent, for example about
1 hour to about 48 hours, or about 18 hours in a suitable reaction vessel, for
example, a sealed pressure fube.
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[00163] The preparation of salts of the compounds of the application can
also be performed by methods known in the art. For example, a solution of a
suitable acid, for example, trifluorcacetic acid in a suitable solvent, for
example dichloromethane can be added dropwise to a suitable amount of a
solution of a compound of Formula | in a suitable solvent, for example,
dichloromethane at a suitable temperature, for example at about -20 °C to
about 20 °C, or about 0 °C, the reaction mixture stirred for a time of about 0.1
hour to about 24 hours, or about one hour, the temperature increased to a
temperature of about 0 °C to about 50 °C, or about room temperature, and the
reaction mixture stirred for a time for the conversion of the reactants to the
salt of the compound of Formula | to proceed to a sufficient extent, for
example about 0.1 hour to about 24 hours, or about one hour.

[00164] In some cases, the preparation methods outlined above may
have to be modified, for instance by use of protective groups, to prevent side
reactions due to reactive groups, such as reactive groups attached as
substituents. This may be achieved by means of conventional protecting
group methodologies.

[00165] The folowing non-limiting examples are ilusfrative of the
present application:

EXAMPLES

General Materials and Methods

[00166] All anhydrous reactions were performed under a nitrogen
atmosphere. All solvents and reagents were obtained from commercial
sources; anhydrous solvents were prepared following standard procedures.
Reaction progress was monitored by TLC (Silica gel-80 Fzs4) plates.
Chromatographic purifications were performed using silica gel (60 A, 70-230
mesh) and final products were purified by LC/MS on a Waters LC/MS system
equipped with a photodicde array detector using an XBridge semi-preparative
C18 column (19.2 mm x 150 mm, 5 uym 1.D.). Mass spectra were recorded
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using ESI (+ve) mode. All HPLC solvents were filtered through Waters
membrane filters (47 mm GHP 0.45 um, Pall Corporation). Injection samples
were filtered using Waters Acrodisc® Syringe Filters 4 mm PTFE (0.2 um).
NMR spectra were recorded on a Bruker spectrometer (400 MHz for 1H).
Chemical shifts were reported in & ppm using tetramethylsilane (TMS) as a
reference for the 'H NMR spectra.

Example 1: Preparation of the compound of Formula (la): 5,5-Dimethyl-3-

{piperazin-1-ylmethyl}imidazolidin-2,4-dione

j\ H Formaldehyde (32%), (})L
HNTONH [j EIOHMeOH | SN
HSCHO N 70°C,1h e L_NH

CHg H CH3

la

[00167] Piperazine (1.41 g, 16.3 mmol) was added to a solution of 5,5-
dimethylhydantoin (2.0 g, 15.6 mmol) in 30 mL of alcohol at room temperature,
and the reaction mixture was allowed to heat at 70 °C. Formaldehyde (36% in
H:0O, 1.68 mL) was added dropwise to the reaction mixture at 70 °C and the
heating was continued for 1 h. The completion of the reaction was monitored
by Alumina TLC using 10 % MeOH in DCM as mobile phase. The reaction
mixture was cooled to room temperature and the solvents were evaporated to
dryness. The residue was taken up in ethyl acetate (40 mL) and the mixture
was washed with water (20 mL). The organic phase was separated, dried
over anhydrous sodium sulfate and the solvents were evaporated under

vacuum to afford pure compound of Formula (1a) (2.4 g, 68 %).

[00168] "H NMR (CDCls, 400 MHz): & 1.44 (s, 6H), 2.49 — 2.61 (m, 8H),
4.44 (s, 2H); ESI m/z [M+1H]" Found: 227.14. Purity >85%.

Example 2: Preparation of the TFA Salt of the compound of Formula (1a)
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[00169] To the compound of Formula (la) (100 mg, 0.44 mmol) in
anhydrous dichloromethane (20 mL), a solution of trifluoroacetic acid (1.0 eq)
in dichloromethane (5 mL) was added dropwise at 0 °C and the mixture was
stirred at the same temperature for one hour. The reaction mixture was
brought to rcom temperature and stirred for one more hour. The solvent was
evaporated to dryness and the residue was triturated with diethyl ether to
afford the pure TFA-salt of the compound of Formula (la).

[00170] "H NMR (D.0, 400 MHz): & 1.47 (s, 6H), 2.99 (t, 4H), 3.33 (t,
4H), 4.26 (s, 2H); ESI m/z 227,20 [M+1H]".

Example 3: Preparation of the compound of Formula (lib): Ethyl (4-
methyl-2,5-dioxoimidazolidin-4-yl}acetate

(NH4)-CO3, KCN,

- o. EtOH/H,0 N S NH
Et .
hdhe iy

0 0o 75°C, 18 h Ry

Ilb Ry = CHj, Ry = -CH,COOCH;

[00171] Ethylacetoacetate (1.96 mL, 15.3 mmol), ammonium carbonate
(4.42 g, 46 mmol)) and potassium cyanide (1.5 g, 23 mmol} in ethanol/water
(20mL, 50:50) was heated at 75 °C for 18 h in a sealed pressure tube. The
reaction mixture was cooled at room temperature and the volatiles were
removed under vacuum. The residue was taken in ethyl acetate (20 mL),
washed with water (20 mL), dried over anhydrous sodium sulfate and
evaporated to dryness to afford the compound of Formuia (llb) as a white
solid (745 mg, 21 %).

[00172] "H NMR (DMSO-Dg, 400 MHz): & 1.15 (t, J = 7.10 Hz, 3H), 1.25
(s, 3H), 2.54 (d, J = 16.29 Hz, 1H), 2.81 (d, J = 16.21 Hz, 1H), 4.02 (m, 2H),
7.88 (s, 1H), 10.61 (s, 1H).
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Example 4: Preparation of the compound of Formula (Ib). Ethyl [4-
methyl-2,5-dioxo-1-(piperazin-1-yImethyl}limidazolidin-4-ylJacetate

Q H Formaldehyde (32%), Q
Py N
HN" “NH EtOH/MeOH }LN/\N
+ [ j HN
R4 N 70°C, th R AO K/NH
Ry, © H TR,
b Ry =CHy, R, = -CH,CO0C,H; Ib Ry = CHg, Ry = -CH,C00C,H;
[00173] The compound of Formula (Ib) was synthesized using the same

method described for the compound of Formula (la).

[00174] "H NMR (CDCls, 400 MHz): & 1.26 (t, J = 6.90 Hz, 3H), 1.51 (s,
3H), 2.44 — 2.85 (m, 8H), 4.17 (q, 2H), 4.45 (s, 2H), 5.91 (s, 1H).

Example 5. Preparation of the compound of Formula {lic}: tert-Buty! (4-
methyl-2,5-dioxoimidazolidin-4-yl)acetate

(NH,),COs, KCN,
Wo\tBu EtOH/H,0 - HN” “NH
5 0 75°C, 18 h R4
R, O

lic R1 = CH3, R2 = -CHZCOOtBu

[00175] The compound of Formula (llc) (740 mg, 32%) was synthesized
following the same procedure described for the compound of Formula (llb),
starting with t-butylacetoacetate {1.66 mL, 10 mmol).

[00176] 'H NMR (DMSO-ds, 400 MHz): § 1.22 (s, 3H), 1.35 (s, 9H), 2.39
(d, J = 15.89 Hz, 1H), 2.76 (d, J = 15.53 Hz, 1H), 7.91 (s, 1H), 10.59 (s, 1H).

Example 6: Preparation of the compound of Formula (Ic): tert-Butyl-[4-
methyl-2,5-dioxo-1-(piperazin-1-ylmethyl)imidazolidin-4-yljacetate

i E Formaldehyde (324%), C))L
HNNH N E j EtOH/MeOH HN)rt/\N’\
R1’\—§ N 70°C,1h ~._-NH
Rz QO H Ry Rs Q

lc Ry = CHy, Ry = -CH,CO0tBU le Ry =CHy, Ry = -CH,COOtBU
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[00177] The compound of Formula (lc) was synthesized using the same
method described for the compound of Formula {la).

[00178] 'H NMR (CDCls, 400 MHz): 5 1.43 (s, 9H), 1.67 (s, 3H), 2.45 (s,
2H), 2.62 — 2.70 (m, 8H), 4.45 (d, J = 13.73 Hz, 2H), 6.09 (s, 1H).

Example 7: Inhibition of PAD4 activity by the compound of Formula (la)

[00179] The compound of Formula I{(a) was evaluated for its inhibition of
PAD4 enzyme activity in vifro at 30 pM concentration. Inhibition of PAD4 was
estimated at 37 °C in the presence of 30 uM of the compound. The inhibitor
as mixed with the substrate N-a-benzoyl L-arginine ethyl ester (BAEE)
solution and preincubated at 37 °C for 10 minutes. The control reaction
contained no inhibitor. The enzyme was added to initiate the reaction. The
reaction samples were incubated at 37 °C for 30 minutes. Color reagent was
added and the samples were boiled for 15 minutes. Samples were cooled on
ice, further processed, and the absorbance was measured at 530 nm.
Remaining activity was calculated as a percentage of the uninhibited samples.
The compound of Formula (la) showed encouraging results, with 78%
inhibition of the enzyme activity. .

[00180] The compound of Formula (la) was further investigated by
synthesizing a small number of derivatives and conducting additional
enzymology experiments. In parallel, an in vivo study was carried out using
the compound of Formula (la) in an MOG-EAE mouse model to investigate
efficacy. Below, these results are described briefly.

Example 8: Additional enzymology experiments on the compounds of

Formula I(a), Formula I{b) and Formula l(c)

[00181] The 1Csp for the compound of Formula (la) against rabbit PAD2
was 24.1+2.8 UM and that of human PAD4 was 48.3+7.4 uM (Table 1).
Further enzymology revealed that the equilibrium inhibition constant K; against
PAD2 is 930 nM and that of human PAD4 is 7.4 uM, a potent mclecule
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against these enzymes in vitro. Evaluation of the PAD inhibitory activities of
compounds of Formula {Ib) and (lc) was carried out (Table 1). The compound
of Formula (Ib) inhibited PADZ2 with K; of 460 nM. The compound of Formula
(Ic) inhibited PAD2 with a K; of 650 nM. When evaluated against human PAD4
the compound of Formula {Ib) exhibited a K; of 11.7 uM.

1

Example 9: Mouse toxicity studies

[00182] There was no general toxicity cbserved in mice when dosed with
10 mg/mouse of the compound of Formula (la) for 5 days, or a single 20
mg/mouse dose of the compound of Formula (la) providing assurance that the

compound of Formula (la} can be considered for in vivo efficacy studies.
Example 10; MOG-EAE mouse model

[00183] A MOG-EAE mouse model (C57BL/6 mice, n=5) was used to
investigate the efficacy of the compound of Formula (la). On day 8 after the
induction of EAE, mice received 2 mqg of the compound of Formula (la} b.i.d.
(i.p.) every other day until day 23, There was a clear improvement in the
clinical scores in the mice receiving the compound of Formula (la) (clinical
scores improving to almost 1 with a limping tail, in comparison to the control
group score at higher than 2 with inability to righting). Mice were sacrificed on
day 24 (i.e. after 2 weeks of treatment) and anti-CD3 staining on spinal cord
and brain samples was undertaken. In brain, untreated mice showed CD3
markers at 4.8%0.19/mm? vs. in the compound of Formula (la)-treated
samples, it was 3.8£0.23/mm’ (significance level>0.015), with a clear
reduction in the CD3 +ve T cells in the treated brain samples with most
marked reduction in cerebellum (Figure 8), and much reduced PAD activity.
These preliminary observations indicated that immune response has
decreased after treatment with PAD inhibitors as a result of the inhibition of

citrullination.
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[00184] The above results suggest that inhibitors such as the compound
of Formula {la}, which are non-substrate analogs, provide structural features
of significance for the development of inhibitors targeting deiminases and
exhibit in vive efficacy in animal models improving the symptoms associated
with the demyelinating diseases such as MS. In order to target PAD enzyme
activity and demyelination, it was hypothesized that PAD2 and PADA4
isozymes will be important because these two isozymes are predominately
expressed in CNS and are seen at elevated levels in brain in MS. PAD2 and

PAD4 isozymes share 50% identity among their sequences.

[00185] The quest of the present application for novel ligands and
structure-based investigations initially led to the study on the three-
dimensional structure of PAD enzymes. When one looks at the architecture of
the catalytic site and the binding of the substrate (peptidyl Arg), it is
conceivable that the guanidinium moiety of Arg residue interacts with the two
Asp residues (Asp350, Asp 473), catalytic Cys645 and His471 residues,
altogether forming the catalytic tetrad to carry out the hydrolysis of the
guanidinium moiety to yield citrulline (Figure 9A).*

Example 11: Preparation of further compounds of Formula |

[001386] The following additional compounds of Formula | have been
prepared using procedures analogous to those described in Examples 1-6:

N
A s
HN N™ MR
0]
Compound No. { n R
I(d) 2 N NH
N/
/N
I(e) T14N NeHs
s
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I(f) 2 .g_NQ
\=N

I(h) 2 4 9

'E_N\)LNHQ
(i) 2 £-NH,
1) 2 .E_N/\/NHz

H

(k) 3] iNe,
I{h 3 '§”ﬁ/\/NH2

[00187] Based on the structural analysis and the PAD inhibition activities
observed thus far, the following structures of Formula | are considered to be
potential inhibitors of PAD activities, thus with potential in the treatment of
diseases caused due to hypercitrullination due to hyperactivity of PAD
enzymes such as multiple sclerosis, rheumatoid arthritis, Alzheimer's etc.:
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Formula |
1
HN N fj; Ra
R”])\/&O
Rz n=1-3
By R Rs m, pand q=(independently) 1, 2 or 3
'CH3 -CH3 éf‘\ ~ /(,)\
N ~
-CHZCHg -CH,CHs /\'LH £ H mNH;
'CH2Ph -CHzph o~
-i-Pr -i-Pr ¥ - H
Bu tBu n = \ﬂ/HpNHz
-i-pentyl -i-penty! T/ o
-CHaCOOC,H5, -CH,COOC,Hs N 0
-CH,COOtBY -CH,COO0tBy P j HH)L
-CH,CH,COH -CH,CH,CO,H HN UM N,
-C3HgCOOH -C3HgCOOH " _
-CH,-Ph -CH,-Ph AN, N
“CH;CHz-Ph “CH,CHy-Ph WNT\ N _NH(C4_qalkyl)
-CHz-cycloHexyl -CH,-cycleHexyl
-CH,CH2NH, -CH;CHyNHz é_‘J\N N ‘_;‘ ‘<CH5
-CHchQCHzNHz -CH20H20H2NH2 L ‘\N ‘N’ B\
-CHoCHoNHAC -CHoCHzNHAC =N d N
-CH,CH,NHBz -CH,CH;NHBz H,C
-CHCH;CHNHAC — -CH,CH,CHoNHAC I # /CH3
-CH,CH3CHsNHBZ  -CH,CHLCHoNHBZ ‘N/\\N ‘I\E\\/N
@( e
CN

'%’NHZ

Example 12: Inhibition of PAD1, PAD2 and PAD4 by further compounds

of the application

[00188] The inhibition of human PAD1, PAD2 and PAD4 was estimated
at 37 °C in the presence of 50 and 1000 puM of each inhibitor tested. The
inhibitor was mixed with the substrate N-o-benzoyl L-arginine ethyl ester
(BAEE} solution and preincubated at 37 °C for 10 min. Control reaction
contained no inhibitor. Enzyme was added to initiate the reaction. The
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reaction samples were incubated at 37 °C for 30 min. Color reagent was
added and the samples were boiled for 15 min. Samples were cooled on ice,
further processed, and the absorbance was measured at 530 nm. Remaining

activity was calculated as a percentage of the uninhibited samples.

[00189] Figure 10 shows the inhibition of PAD1 and PAD4 at various
concentrations of compounds i(d)-I(I}. Figure 11 shows the inhibition of PAD1,
PAD2 and PAD4 at various concentrations of compounds I{d})-I{}}. Table 2
shows the inhibition constants (K) for these compounds against PAD1, PAD2
and PADA4, as well as the in vitro cellular toxicity to CHO cells.

[00190] Among these compounds, I(h) showed good activity against
PAD4, in comparison to PAD1. Compound I{g) inhibited PAD4 with a higher
potency (i.e. K; was lower, 4.0 £ 1.7 uM) than it did PAD1. These compounds
were tested either as free bases or the corresponding TFA salts. In general,
TFA salts where relevant and appropriate, improved their aqueous solubility

and were more potent inhibiting the PAD activity.

[00191] The other compounds I(d), I(e), 1(}), I{j), k), I{l}) were either
moderate or weak inhibitors of PAD1 and PAD4 enzymes (Table 2). A N-
methyl group on the piperazine moiety as in I{e) reduced the inhibition of PAD
enzymes (compare I(a) vs {le}). Similarly a simple amino alkyl moiety on the
hydantoin (such as in I{i) and I{k} } did not yield higher potency compounds,
but hydanoins with two amino moieties (one terminal primary amino moiety
and one in the form of a secondary amine) as in I(j) and I{}) were moderately
potent to inhibit PAD enzymes.

[00192] While the present application has been described with reference
to what are presently considered to be the preferred examples, it is to be
understood that the application is not limited to the disclosed examples. To
the contrary, the application is intended to cover various modifications and
equivalent arrangements included within the spirit and scope of the appended

claims.
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[00193] All publications, patents and patent applications are herein
incorporated by reference in their entirety to the same extent as if each
individual publication, patent or patent application was specifically and
individually indicated to be incorporated by reference in its entirety. Where a
term in the present application is found to be defined differently in a document
incorporated herein by reference, the definition provided herein is to serve as

the definition for the term.
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Table 1
Deiminase | Compound | [Cso (UM) Ki (uM)
PAD?2 Formula (1a) 482 0.93
Formula{lb) | 123+438 0.46
- Formula (Ic) 168+7.0 0.65 - -
PAD4 Formula{la)| 483t7.4 42+0510331.7+16.8"
t0 3,821.5¢
181.6*
Formula (Ib) | 36.0+18.0 3.1+16
Formula {Ic) NA NA
PAD1 Formuta (la) | 763

*Inhibition varies depending on the salt form (such as triflucroacetate,
hydrochloride or free base) and the batch of the enzyme.
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Table 2
PAD K; £ SE (M) CHO cells
Compound IC5o * SE (uM)
PAD1 PAD4

I{e) 1145 +5.5 456 £9.0 14344

(@) 109.714.0 4017 19914823

I(h) 336126 21.8+7.1 ND

I(i) 1174 £41.1 317 £32.8 584112369

I(j) 555+12.3 52 + 341 26931175

1(k) 104.6 £ 22 1 384 +41.0 ND

I(1) 429+ 50 123 £ 147 1672531609
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We claim;
1. A compound of Formula &
o)
)L Ao
e VAR
R b2 0
|
wherein

R' and R? are independently selected from Cisalkyl and Ci.salkyleneR*:
wherein R? is selected from COOR?, Ph, Cagcycloalkyl and NHR® wherein R®
is selected from H and C4.salkyl, and R® is selected from H, Ac and Bz;

R? is selected from:

Ay S AN g A
Tl T ) A

N-N

H
Lo e s,
N :
0

Q s
?EHWQJ\NHQ and D

of the available hydrogen atoms on R? is optionally substituted with Cy.salkyl

, in which any cne

or cyano; and

m, n, p, and g are, independently, 1, 2 or 3;
except when R' and R? are Cy.calkyl and R® is piperazinyl, then n does not
equal 1 or 2 and when R? is pyrrolidinyl, n does not equal 1;

or a pharmaceutically acceptable salt or solvate thereof.

2. The compound of claim 1, wherein R' and R? are independently Cj.
gatkyl.



WO 2014/019092 PCT/CA2013/050597

72

3. The compound of claim 2, wherein R' and R? are independently
selected from methyl, ethyl, isopropyl, terf-butyl and isopentyl.

4. The compound of claim 1, wherein R! and R? are independently Ci.
4alkyleneR4; wherein R* is selected from COOR5, Ph, Cascycloatkyl and NHRG;
wherein R® is selected from H and Csalkyl, and R® is selected from H, Ac and
Bz

5. The compound of claim 4, wherein R' and R* are independently
selected from CHCOOCH;, CH,COOtBuU, CHCH,COOH,
CH,CH,CH2COOH, CH.Ph, CHy;CH:Ph, CHz—cyclohexyl, CHy;CHz;NH,,
CH,CH2CHyNH,, CH,CHoNHAce, CH:CH.NHBz, CH>CH:CH:NHAc and

CH;CH2CHzNHBz.
6. The compound of any one of claims 1 to 5, wherein R® is selected from:
S & < : /EHE N
FN N LN Ty Ny
QH ’ L/\)\t-{cmalkyl) \»\-\/N' )a\-\/N ‘ E(
HaC CN
. S NN . /EHa ; /EHs
PN BN NS S L 5
I:Nr\/} v N A E?IL-:_\/N Iy
CH,

H

O N
. H P
L’L‘JNW}/\A);:NW s E{NT\«)JLNHQ' ’§*NH2 and E/\>
0 E
7. .The compound of any one of claims 1 to 5, wherein R is piperazinyl,

H
AN e RN AN
L oy ) e T

8. The compound of any one of claims 1 to 5 wherein R® is
0]
Mo N
' ﬁNHz or % NH,
Q El .

9. The compound of any one of claims 1 to 5, whereinnis 1 or 2.
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10.  The compound of any one of claims 1 to 5, whereinm is 1 or 2.

11.  The compound of claim 8, whereinpand q are 1.

12.  The compound of claim 1, which a compound of Formula {ib):

S
HN N/\N/\
/
" gac o NH
o Ib

a compound of Formula (lc):

' o lc
a compound of Formula (lg):
0
L
HNT NN
HSC%/&O
CHs
g ,or
a compound of Formula (Ih):
jL o}
HN\ '.\'/\/N\/ﬂ\NH2
HC <\o

CHa



WO 2014/019092 PCT/CA2013/050597

74

13. The compound of any one of claims 1 to 12, in the form of a
pharmaceutically acceptable sali.

14. The compound of claim 13, wherein the salt is a hydrochloric acid salt

or a frifluoroacetic acid salt.

15. A pharmaceutical composition comprising one or more compounds of
any one of claims 1-14 and a pharmaceutically acceptable carrier.

16. A method for treating diseases, disorders or conditions characterized
by or associated with the hypercitrullination of proteins by peptidyl arginine
deiminase (PAD) enzymes comprising administering a therapeutically
effective amount of one or more compounds of Formula I

o

)\\N’Hn\R‘*
JEEN

HN

R }qz 0

wherein

R' and R? are independently selected from Cigalkyl and CisalkyleneR*:
wherein R* is selected from COOR?, Ph, Csscycloalky! and NHR®; wherein R®
is selected from H and C4 galky!l, and R%is selected from H, Ac and Bz;

R? is selected from:
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A N RN
D\m | Q-(C1_’4auky|) E“
H

;If /N \5‘; N\ j';Si]'\l/N\\ N
O e 0 e

HN N-N

H 0
N H N
% Torh;NHz | :%'N(v)J\NHz © 4NH ang Q
q

one of the available hydrogen atoms on R® is optionally substituted with C.

, in which any

4alkyl or cyano; and

m, n, p, and g are, independently, 1, 2 or 3,
or a pharmaceutically acceptable salt or solvate thereof, to a subject in need

thereof.
17.  The method of claim 16, wherein R and R? are independently Cy.alkyl.

18.  The method of claim 17, wherein R" and R? are independently selected
from methyl, ethyl, isopropyl, terf-butyl and isopentyl.

19.  The method of claim 16, wherein R' and R? are independently Ci.
salkyleneR*; wherein R* is selected from COOR?®, Ph, Cascycloalkyl and NHRS;
wherein R® is selected from H and Cqsalkyl, and R® is selected from H, Ac and
Bz.

20.  The method of claim 19, wherein R' and R? are independently selected
from CH,COOC;Hs, CH,COOtBu, CH,CH,COOH, CH.CH,CH,COOH, CHzPh,
CHoCHzPh, CHe-cyclohexyl, CH2CHz;NH, CH>CH>CHsNHz, CH2CHoNHAC,
CH,CH NHBz, CH,CH2CH2NHAc and CH:CH.CH-NHBz.

21.  The method of any one of claims 16 to 20, wherein R; is selected from:
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CHy
fN/\ S;i\ll\/ Sy Ny 'ETN/QN gQN
N{Cygalkyl) lew/ -/
a Hac)\/ CN
# CHy CH,
J T;Y N \N N r;NHNHz \é/N _?{W/QN ,
HN NiN N — —
\\<CH3

H O -
i P ol <. #y
1 \ﬂ*pNH2 , ‘371 NH,' 'E"NHZ and

O 9

22.  .The method of any one of claims 16 to 20, wherein R® is piperazinyl,

< H
L-H:N’N\ 5S{N/‘\\ }j /N \fré N\
N S A \NW\,QN_

23. The method of any one of claims 16 to 20, wherein R® is

N )
e FE'NY)HJ\NHZ
0 a .

24.  The method of any one of claims 16 to 23, whereinnis 1 or 2.
25.  The method of any one of claims 16 to 23, whereinm is 1 or 2.
26.  The method of claim 23, wherein p and g are 1.

27. The method of claim 16, wherein the compound of Formula | is

selected from a compound of Formula ({a), I{b), I(c), I{g) and I(h):
Q 0 0

| N N
HN)k\N/\N/w HN N/\r;l/w Ny
Hac%’&o k/NH ’ H3Cﬁ’<\o NH mcﬁ NH
~.__-Q ~

CHy
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lo and Ih

28. The method of any one of claims 16 to 27, wherein the compound of

Formula | is in the form of a pharmaceutically acceptable salt.

289. The compound of claim 28, wherein the salt is a hydrochloric acid salt
or a trifluoroacetic acid salt.

30. The method of any one of claims 16 to 29, wherein the diseases,
disorders or conditions characterized by or associated with the
hypercitrullination of proteins by PAD enzymes are selected from mulliple
sclerosis, rheumatoid arthritis, Alzheimer's disease, scrapie, psoriasis and

Creutzfeld-Jacob disease.

31.  The method of claim 30, wherein the disease, disorder or condition
characterized by or associated with the hypercitrullination of proteins by PAD

enzymes is multiple sclerosis.
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