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ABSTRACT

Provided are imidazolidinedione compounds of formula (I), processes for
preparation, uses and  pharmaceutically = compositions  thereof.  Said
imidazolidinedione compounds posses androgen receptor antagonist activity and can
be used for preventing and treating diseases and disorders related to androgen
receptor, such as prostate cancer, alopecia, hair regeneration, acne and adolescent

acnce.
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IMIDAZOLIDINEDIONE COMPOUNDS AND THEIR USES

TECHNICAL FIELD

The invention relates to the field of medicine, in particular, to
imidazolidinedione compounds and uses thereof. More specifically, the invention
relates to imidazolidinedione compounds and its use as androgen receptor
antagonists or for the trcatment and prevention of disecases related to androgen

receptor.

BACKGROUND

Prostatic cancer (prostatic carcinoma, abbreviated as PCa) is the most common
malignant neoplasmin in male reproductive system. The incidence thereof increases
with age, and differs significantly from region to region, which is higher in U.S. and
Europe. Second to lung cancer, prostatic cancer is the second cancer leading to death
in men. In the past, prostatic cancer has not been paid attention in China, since it
belongs to a small disease in the spectrum of tumor. However, with the social
development and progress in our country, the aging of society, urbanization,
westernization of dietary structure and advances in detection technology, the
incidence of prostate cancer was significantly increased. A foreign survey about
prostate cancer which was completed by The Second Hospital of Tianjin Medical
University and Diagnosis and Treatment of Prostate cancer in Tianjin in 2011
showed that the incidence of prostate cancer in Tianjin was rapidly rising, the
incidence of prostate cancer increased by 4 times in 20 years, and the number of
patients with prostate cancer accounted for 13.4% of inpatient with urinary tract
tumors. Prostatic cancer which was rare cancer in the past becomes common tumors.
The incidence of prostate cancer has the same trend in China.

Androgen receptor is a ligand-dependent trans-transcriptional regulatory

protein with 110,000 dalton molecular weight. Androgen receptor plays a very
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important role in the pathogen and deterioration process of prostate cancer, and in
male hormone-related diseases such as acne, male alopecia, and so on.

Traditional methods for treating prostate cancer include surgery or using
androgen receptor antagonists such as bicalutamide (Casodex). However, patients
will develop drug resistance after 2-4 years treatment, while bicalutamide has side
cffects of stimulating the proliferation of cancer, therefore patients must stop using
bicalutamide. Recent studies have found that bicalutamide will activate androgen
receptors, thereby stimulating the proliferation of cancer.

Therefore, there is still a need in the art to develop compounds having superior

pharmacodynamic properties to prostatic cancer.

SUMMARY OF INVENTION

The object of the invention is to provide a novel compound having androgen
receptor antagonism and the use thereof.

In the first aspect of the invention, an imidazolidinedione compound of formula
(I), or a crystal form, pharmaceutically acceptable salt, hydrate or solvate thereof is

provided,

wherein,

R' and R* are independently selected from hydrogen, deuterium, methyl and
one or more deuterium-substituted or perdeuterated C;-C4 alkyl;

R’ is hydrogen, deuterium or halogen;

R* R’ R® R’ R'", R are hydrogen, deuterium or halogen (such as F, Cl, Br,
or I);

R7 and R® are independently selected from methyl and one or more

.
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deuterium-substituted or perdeuterated C;-C, alkyl, or R7 and R® are joined to form
C;-Cy (or C5-Cy) cycloalkyl;

R'' is non-deuterated, one or more deuterium-substituted or perdeuterated
C,-Cy4 alkyl, or partly or totally halogen-substituted C,-C, alkyl;

X is Sor O;

provided that (1) at least one of R, R?, R>.R*, R°, R®, R7, R®, R®, R, R"!, R" is
deuterated or is deuterium; or (2) When both of R' and R? is methyl, any group of R’
RY R® R® R’ R®: R’ R!° R' R'" can be deuterated or deuterium, or can be
hydrogen or a non-deuterated.

In one embodiment, R' and R” are independently selected from hydrogen,
deuterated methyl, and deuterated ethyl.

In one embodiment, when R' is hydrogen, R? is sclected from the group
consisting of mono-deuterated methyl, bi-deuterated methyl, tri-deuterated methyl,
mono-deuterated ethyl, bi-deuterated ethyl, tri-deuterated ethyl, tetra-deuterated
ethyl, and penta-deuterated ethyl.

In one embodiment, when R' is hydrogen, R? is tri-deuterated methyl.

In one embodiment, the compound is selected from the group consisting of



CA 02859224 2014-06-13

Iz

n-CP O
SEC CHD2 ChD
»\ F3C S N/ 2
)k )S\ H
@] O © 0
FaG g P ”fCDs FsG s P CHsp e s n-CPs
H
Satae Nc%;m Py
m D }/./b D m
(o] 0] o]
(o] 0 o
.CD.
NC N F NC »\N F NC\Q\ /“\N D 4
gu pan
o)

pan "
D D

o 0

o
o
D O D o b o
N-CP
PG D s FG p g P n-CHe D CHy
H )\\ H F1C D s N
NC NN F NC NN Fowe H
rt3° r1° AV S
D
e} D ¢ b ¢
D O 0



CA 02859224 2014-06-13

0
-CDs .CHD.
FiC 2
)3\ /Ofl\ ’ /@f‘L FQ s N-CHab
)‘\ 5 H
N F
o ﬁ
O O 0
FaC s D N,CD3 F3C S D N/CH;; FaC s N’CD3
H )\\ )L H
NC\G\NXN F NC\Q\N N F NC\QN N D
1 i i
0 0

0O

o o}
.CD
FaG D s N 3F30 D s N,CHSFC _CHD,
X " S HooT 8 N
NC N F
N NC NN F NC‘@\N»\N b
o)//f—

I

H-

D o D o
o 0
D .CD 0
FC b g NCREG oo D N-CH o
)8 H N H  FaC s N
NC N N F NC N N F }\\ H
W D )/(_A B NC W ON D
0
0

Jan

0

o
cD o
DG N CH
i\\ /©5LH BsC S H 3 FaC [ /@E‘LN/CHB
NC N F
R S s T
11 ° D O
D .CD
G D s NTTRG b D HCHEBC b P n-CHa
NC NXN FooNe N)\\N Fone »\N DH
D D N)/(_‘ D
0

CD;y
O CD, 0 CD3
o
ol
FiC, s NC0s e o s \-CHa
FiG s N J§ \ H Y H
) I NC NN D NC NN 0
NC N F CD3 CD3
0 CDj o CDs
el

In one embodiment, the compound is selected from the group consisting of
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In one embodiment, the compound is selected from the group consisting of
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In one embodiment, the compound is selected from the group consisting of

Sy O by @6

0 CD; 6] CD3
In one embodiment, the compound is selected from the group consisting of
4-[7-(4-cyano-2-trifluoromethyl-phenyl)-8-ox0-6-thio-5,7-diazaspiro[3,4]-5-oct
yl]-2-fluoro-N,N-dimethyl benzamide;

(e}
NC\QN)LN F

4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-0xo0-2-thio-1-imidazo
lidinyl}-2-fluoro-N,N-dimethyl benzamide;
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In one embodiment, the compound is selected from the group consisting of
4-[7-(4-cyano-2-trifluoromethyl-phenyl)-8-oxo0-6-thio-5,7-diazaspiro[3,4]-5-oct

yl]-2-fluoro-N-trideuteromethyl benzamide;
o
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4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-methyl-4-oxo0-2-thio-1-imidazoli

dinyl}-2-fluoro-N-trideuteromethyl benzamide;
O
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In the second aspect of the invention, a method for preparing a pharmaceutical
composition is provided, comprising mixing the compound of the first aspect of the
invention, or a crystal form, pharmaceutically acceptable salt, hydrate or solvate
thereof and a pharmaceutically acceptable carrier to form a pharmaceutical
composition.

In the third aspect of the invention, a pharmaceutical composition is provided,
comprising (1) the compound of the first aspect of the invention, or a crystal form,
pharmaceutically acceptable salt, hydrate or solvate thereof, and (2) a
pharmaceutically acceptable carrier.

In one embodiment, the pharmaceutical composition further comprises an
additional therapeutic agent; preferably, the additional therapeutic agent is the
therapeutic agent for treating alopecia, hair regeneration, pimples, acne or prostate
cancer.

In the forth aspect of the invention, provided is a use of the compound of the

-7-
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first aspect of the invention or a crystal form, pharmaceutically acceptable salt,
hydrate or solvate thereof as an androgen receptor antagonist or for preparing drugs
for treating and preventing diseases related to androgen receptor activity.

In one embodiment, the disease is selected from the group consisting of
alopecia, hair regeneration, pimples, acne and prostate cancer.

In one embodiment, the composition is injection, capsules, tablets, pills,
powder or granules.

In the fifth aspect of the invention, a treatment method is provided, comprising
a step of administering the compound of the first aspect of the invention, or a crystal
form, pharmaceutically acceptable salt, hydrate or solvate thereof or the
pharmaceutical composition of the third aspect of the invention to a object in need
thereof.

In one embodiment, the object is a person suffering from androgen receptor
activity related disease.

In the sixth aspect of the invention, a method for preparing the compound of
formula (I) of the first aspect of the invention is provided, comprising steps of:

(1) in a acidic solvent, in the presence of cyanide, reacting compound 3a with

R,C(O)Rg, to form compound 6a,

2, Ry, O
3 R
R, )\(CONHR,RQ 0 R éN NRsR,
I T‘Ra

HgNj/\K\RS R7 - R¢ ﬁ Rs

Rs > Rs

5a
6a

wherein, the cyanide is TMSCN, sodium cyanide or potassium cyanide,
(2) in an aprotic solvent, under a acidic condition, reacting compound 2a with

compound 6a, to form the compound of formula (1),

Ry © Ry ’
R‘i Re x Ry RC“;\] l/L\ “NRR, R‘f Ro X R W/I\N&Rz
Ne—7 N .C Ne— T AN
A N + Re H Rs )\\ N NR Re
R/\:*\‘ RS RH ) H 7R5
" 23‘272 R12 o R’d

6a 0
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wherein, R', R%, R*, R*, R®, R®, R7, R%, R’ R'", R"", R"? or X is defined as those
in the first aspect of the invention.

In one embodiment, in step (2), the reaction is conducted in the presence of
hydrochloric acid or sulfuric acid.

In one embodiment, the method further comprises the following steps prior to
step (1):

(1-1) in an inert solvent, rcacting compound 3a with NHRR;, to form

compound 4a, and

R’z R
3 3
Ry~ COOH NHR R, Ry ]/1\\\ CONHR,R,
ON ‘ Re > 0N R,
Rs R
3a 5 4a

(1-2) in an inert solvent, reducing compound 4a to compound 3a,

R, Ry
R4 ‘\j:(:ONHRﬁz2 R4 | ‘o CONHR:R;
OZNI; Rs Reducing agent HNT N R

‘ > I

Rs 4a ° 5a

wherein, R/, R% R’ R* R>, R®are defined as those in the first aspect of the
invention.

In one embodiment, reduction is conducted with a reducing reagent selected
from the group consisting of iron powder, zinc powder, and the combination thereof.

In onc embodiment, the acidic solvent in step (1) is methanoic acid, acetic acid,
an aqueous solution of hydrochloric acid with a mass concentration of 1-5% or an
aqueous solution of sulfuric acid with a mass concentration of 1-5%.

In one embodiment, the aprotic solvent in step (2) is dimethyl formamide
(DMF), dimethyl sulfoxide (DMSO), or CH;CN.

In one embodiment, the inert solvent is methylene chloride, ethyl acctate,
tetrahydrofuran, chloroform, or acetonitrile.

It should be understood that in the present invention, the technical features

specifically described above and below (such as the Examples) can be combined

9.
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with each other, thereby constituting a new or preferred technical solution, which

needs not be specified.

DETAILED DESCRIPTION OF INVENTION

Through intensive research, the inventors unexpectedly discovers that, the
imidazolidinedione compounds of formula (I) of the present invention, or a crystal
form, pharmaceutically acceptable salt, hydrate or solvate thereof have cxcellent
pharmacokinetics and/or pharmacodynamic properties, therefore are more suitably
uscd as androgen receptor antagonists, and are more suitably used for the preparation
of drugs for treating androgen-related diseases (such as cancer). Based on this

discovery, the inventors complete the present invention.

Definition

As used herein, the term “halogen” refers to F, Cl, Br and I. Preferably, halogen
is selected from F, Cl, and Br.

As used herein, the term “alkyl” refers to a straight chain or branched-chain
alkyl. Preferably, alkyl is C,-C4 alkyl, such as methyl, ethyl, propyl, iso-propyl,
butyl, iso-butyl, tert-butyl and the like.

As used herein, the term “deuterated” means that hydrogen(s) in a compound or
group 1s substituted by deuterium(s). “Deuterated” can be mono-substituted,
bi-substituted, multi-substituted or total-substituted. The terms “one or more
deuterium-substituted” and “substituted by deuterium for once or more times” can be
used interchangeably.

In one embodiment, the deuterium content in a deuterium-substituted position is
greater than the natural abundance of deuterium (0.015%), preferably > 50%, more
preferably > 75%, more preferably > 95%, more preferably > 97%, more preferably >
99%, more preferably > 99.5%.

Active Ingredients

-10-
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As used herein, the term “compound of the invention™ refers to the compound
of formula (I). This term also includes various crystal forms, pharmaceutically
acceptable salts, hydrates or solvates of the compound of formula (I).

As used herein, the term “pharmaceutically acceptable salt” refers to the salts
which are suitable for medicine and formed by the compound of the invention with
an acid or a base. Pharmaceutically acceptable salts include inorganic salts and
organic salts. A preferred salt is formed by the compound of the invention with an
acid. The acid suitable for forming salts includes, but not limited to, inorganic acid,
such as hydrochloric acid, hydrobromic acid, hydrofluoric acid, sulfuric acid, nitric
acid, phosphoric acid; organic acid, such as formic acid, acetic acid, propionic acid,
oxalic acid, malonic acid, succinic acid, fumaric acid, maleic acid, lactic acid, malic
acid, tartaric acid, citric acid, picric acid, methanesulfonic acid, benzene
methanesulfonic acid, benzene sulfonic acid; and acidic amino acid, such as aspartic

acid, glutamic acid.

Pharmaceutical composition and the administration thereof

The compounds of the invention possess outstanding androgen receptor
antagonism, therefore, the compounds of the invention and the crystal forms, the
pharmaceutically acceptable inorganic or organic salts, hydrates or solvates thereof,
and the pharmaceutical compositions comprising compounds of the invention as the
main activity ingredient, can be used for treating, preventing and alleviating diseases
mediated by androgen. According to the prior art, the compounds of the invention
can be used to treat the following diseases: alopecia, hair regeneration, pimples, acne,
or prostate cancer etc.

Pharmaceutical composition of the invention comprises a safe and effective
amount of the compounds of the invention or the pharmaceutical acceptable salts
thercof and pharmaceutically acceptable excipients or carriers. Wherein “safe and
effective amount” refers to an amount of the compounds which is sufficient to

improve the patient's condition and would not induce serious side effect. Generally,

S11-
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the pharmaceutical composition contains 1-2000 mg compounds of the
invention/dose, preferably, 10-200 mg compounds of the invention/dose. Preferably,
“one dose” refers to a capsule or tablet.

"Pharmaceutically acceptable carrier" means: one or more compatible solid or
liquid fillers or gel material, which are suitable for human, and must have sufficient
purity and sufficiently low toxicity. "Compatibility" herein means that the
components of the compositions can be blended with the compounds of the invention
or with each other, and would not significantly reduce the efficacy of the compounds.
Some examples of pharmaceutically acceptable carriers include cellulose and the
derivatives thereof (such as sodium carboxymethyl cellulose, sodium ethyl cellulose,
cellulose acetate, etc.), gelatin, tale, solid lubricants (such as stearic acid, magnesium
stearate), calcium sulfate, vegetable oils (such as soybean oil, sesame oil, peanut oil,
olive oil, ctc.), polyols (such as propylene glycol, glycerol, mannitol, sorbitol, etc.),
emulsifiers (such as Tween®), wetting agent (such as sodium dodecyl sulfate),
coloring agents, flavoring agents, stabilizers, antioxidants, preservatives,
pyrogen-free water, etc.

The application manner for the compounds or pharmaceutical compositions of
the invention is not specially limited, and the representative application manner
includes (but not limited to): oral, parenteral (intravenous, intramuscular or
subcutaneous), and topical administration.

Solid dosage forms for oral administration include capsules, tablets, pills,
powders and granules. In these solid dosage forms, the active compounds are mixed
with at least one conventional inert excipient (or carrier), such as sodium citrate or
dicalcium phosphate, or mixed with the following components: (a) fillers or
compatibilizer, for example, starch, lactose, sucrose, glucose, mannitol and silicic
acid; (b) binders, for example, hydroxymethyl cellulose, alginates, gelatin,
polyvinylpyrrolidone, sucrose and gum arabic; (¢) humectant, such as, glycerol; (d)
disintegrating agents such as agar, calcium carbonate, potato starch or tapioca starch,

alginic acid, certain complex silicates, and sodium carbonate; (e)

-12-
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dissolution-retarding agents, such as paraffin; (f) absorption accelerators, for
cxample, quaternary ammonium compounds; (g) wetting agents, such as cetyl
alcohol and single glyceryl stearate; (h) adsorbents, for example, kaolin; and (i)
lubricants such as talc, stearin calcium, magnesium stearate, solid polyethylene
glycol, sodium lauryl sulfate, or the mixtures thereof. In capsules, tablets and pills,
the dosage forms may also contain buffer.

The solid dosage forms such as tablets, sugar pills, capsules, pills and granules
can be prepared by using coating and shell material, such as enteric coatings and
other materials known in the art. They can contain opaque agent, and the release of
the active compounds or compounds in such compositions can be delayed for
releasing in certain portion of the digestive tract. Instance of the embedding
components can be polymers and waxes. If necessary, the active compounds and one
or more above excipients can be prepared into microcapsules.

Liquid dosage forms for oral administration include pharmaceutically
acceptable emulsions, solutions, suspensions, syrups or tinctures. In addition to the
active compounds, the liquid dosage forms may contain conventional inert diluent
known in the art, such as water or other solvent, solubilizer and emulsifier, for
example, ethanol, isopropanol, ethyl carbonate, ethyl acetate, propylene glycol,
[.3-butanediol, dimethyl formamide, as well as oil, in particular, cottonseed oil,
pcanut oil, corn germ oil, olive oil, castor oil and sesame oil, or the mixtures thereof
and so on.

Besides the inert diluents, the composition may also contain additives such as
wetting agents, emulsifiers, and suspending agent, sweetener, flavoring agents and
perfume.

In addition to the active compounds, the suspension may contain suspending
agent, for example, ethoxylated isooctadecanol, polyoxyethylene sorbitol and
sorbitan esters, microcrystalline cellulose, methanol aluminum and agar, or the
mixtures thereof and so on.

The compositions for parenteral injection may comprise physiologically

-13-
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acceptable sterile aqueous or anhydrous solutions, dispersions, suspensions or
emulsions, and sterile powders which can be re-dissolved into sterile injectable
solutions or dispersions. Suitable aqueous and non-aqueous carriers, diluents,
solvents or excipients include water, ethanol, polyols and the suitable mixtures
thereof.

The dosage forms of compounds of the invention for topical administration
include ointments, powders, patches, aerosol, and inhalants. The active ingredients
are mixed with physiologically acceptable carriers and any preservatives, buffers, or
propellant if necessary, under sterile conditions.

The compounds of the invention can be administered alone, or in combination
with other pharmaceutically acceptable compounds.

When the pharmaceutical compositions are used, a safe and effective amount of
compounds of the present invention is applied to mammals in need thereof (such as
human), wherein the applied amount is the pharmaceutically effective amount. For a
person weighted 60 kg, the daily dose is usually 1 ~ 2000 mg, preferably 20 ~ 500
mg. Of course, the particular dose should also depend on other factors, such as the
route of administration, patient healthy status etc, which are well within the skill of a

skilled physician.

Preparation

The preparation methods of compound (I) of the present invention are described
in detail as below. However, these specific methods are not provided for the
limitation of the invention. The compounds of the invention can be readily prepared
by optionally combining any of the various methods described in the specification or
various methods known in the art, and such combination can readily be carried out
by the skilled in the art.

The compound of formula (I) of the present invention can be prepared
according to the following synthetic scheme. In general, during the preparation, each

reaction is conducted in solvent, at a temperature between room temperature to

-14-
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reflux temperature (such as 0-120°C, preferably 0-80°C.). Generally, the reaction
time is 0.1-60 hours, preferably, 0.5-48 hours.

Preferably, the preparation method for compound (I) is as follows:
Rig Rig

\ Ry Rq
) X X
NC J‘“\i i e e
/KNHa Cl el — N
R/\ R \
"4a Rz " g
R Rj
I/x \rCOOH NHR;R» R4 R CONHR4R, Reducing agent R4 N .CONHR4R>
- —
7 “SRe 0N R HNT Y R
Rs R
Rs 3a 4a ° 5a
N Ry o
Ry R R
\Fl: 5 TMSCN /\HLNR R  2a .acid 0 Ry x N TONRR,
- > NC-—? ) Ny .
Ry N 6
5 R1>1 HR Ry
R12 3

6a
wherein R!, R%, R R*, R°, R®, R, Rs, R’ R'Y, R'", R'"? and X are defined as
those in formula (I).

Compound 1la (deuterated or non-deuterated aniline) reacts with thiophosgene
(phosgene) to get compound 2a. Compound 4a can be synthesized by the amidation
of' compound 3a. The amine compound Sa can be obtained by reduction of compound
4a with reducing agent (such as zinc / acetic acid or iron / acetic acid). Compound 6a
can be prepared by dehydration of aniline and ketones (e.g. R;C(O)Rg) in the
presence of TMSCN or cyanide (e.g. sodium cyanide or potassium cyanide). The
final product (I) is synthesized by condensation of compound 2a and compound 6a

under acidic conditions (such as hydrochloric acid or sulfuric acid).

The corresponding deuterated compounds can be prepared by using the
corresponding starting deuterated compound or corresponding deuterated reagents as
the starting material, such as deuterated methylamine, deuterated acetone and
through the same route. The starting material with deuteration on benzene ring can

be prepared by the following methods or literature (Org Letter, 2008, 4351-4353).

-15-
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D

NC Con HCI, D,0, heat
QNH2 ? NCQ\
NH,
F4C
FsC

8 D

/O/CONHR1R2 Con HCI, D,0, heat D CONHR,R,
HoN HoN

D

The main advantages of the present invention comprise:

(1) Compounds of the present invention are androgen receptor antagonists with
excellent effect and can be used for preparing drugs for treating androgen-related
diseases such as alopecia, hair regeneration, pimples, acne, or prostate cancer.

(2) The preparation methods of compounds of the present invention are simple.

The present invention will be further illustrated below with reference to the
specific examples. It should be understood that these examples are only to illustrate
the invention but not to limit the scope of the invention. Unless indicated otherwise,
parts and percentage are calculated by weight.

The "reflux" refers to reflux, the "M.W." refers to microwave, "Con HCI"

represents concentrated hydrochloric acid.

Example 1:
4-[7-(4-cyan0-2-trifluoromethyl-phenyl)—8-ox0-6-thio-5,7-diazaspir0
[3,4]-5-octyl]-2-fluoro-N-methyl benzamide (compound 7, as control compound

1y

-16-
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o) 0
[ COOH 1, ¢l _ C{“‘N” Fe N
5 o H ' H
2, MeNH,-HCl CH,COOH
OgM F ' NIlE_htg ' 0N F HaN F

4 5
Q

CH;CO0H, 8°PC M F 2, HCI

3
O 0]
O e al
TWMSCN - 0
' 1,2, DMF, 120°C H
o S - ey i
7

6
Synthesis of 4-isothiocyanato-2-(trifluoromethyl)-benzyl cyanide (compound 2)
Into an aqueous suspension (50 mL) of thiophosgene (30.2 g, 262.4 mmol)
compound 1 (10.0 g, 53.7 mmol) was slowly added in portions. The reaction mixture
was stirred at room temperature (2()°C) for one hour and then extracted with ethyl
acctate for three times (3 x 50mL). The organic layer was combined, washed with
saturated brine (100 mL), dried (Na,SOy,), filtered and concentrated under reduced
pressure to give a black solid. After purified by column chromatography, a white
solid 2 (Compound 2, 11.24 g, yield 92%) was obtained. 'H NMR (CDCls,
400MHz):6(ppm)7.85(1H, d, J=8Hz), 7.59(1H, s), 7.48(1H, d, J=8.4Hz).MS:
229(M+H").

Synthesis of 2-fluoro-N-methyl-4-nitro-benzamide (Compound 4)
0

COOH
/@ n.col SO
O, F 2, MeNH, HC I, o

NE«[S OzN F
3 4

Into a dichloromethane solution (200 mL) of compound 3 (25.0 g, 135.06 mmol)
CDI (32.8g, 202.28mmol) was added. The reaction mixture was stirred at room
temperature for one hour. Into a dichloromethane solution (50 mL) of methylamine
hydrochloride (10.94 g, 162.12 mmol) triethylamine (20.47g, 202.29mmol) was
added to give a white suspension which was then stirred at room temperature for half
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an hour. Afterwards, the suspension was slowly added to the reaction mixture. The
resulting mixturc was stirred for another hour, and then the reaction was quenched
by water (100 mL). The organic phase was separated, the aqueous phase was
extracted twice with dichloromethane (2 x 50mL), and then the organic phases were
combined, washed with 1 M hydrochloric acid twice (2 x 50 mL), 1 M aqueous
sodium hydroxide solution twice (2 x 50 mL) and saturated brine (100 mL) once,
dried (Na,SOy), filtered and concentrated under reduced pressure to give a white
solid 4 (compound 4, 14.6 g, yield 55%).MS: 199(M+H").

Synthesis of 2-fluoro-N-methyl-4-amino-benzamide (Compound 5)

0 Fe 0
o P CHLCOOH/EIOAG =131 :
[i/ ».Q,\\ T"/U\ﬁ, - {/‘;:\ Eﬁi -~
L Reflux /L
ONT HoN™ 7 F
4 5

Compound 4 (14.6 g, 73.7 mmol) was dissolved in a solution of ethyl acetate
and acetic acid (50 mL +50 mL). Then 39 g of iron powder was added. The resulting
mixture was refluxed overnight (16 h), then cooled to room temperature. The solid
was filtered and washed with ethyl acetate for three times (3 x 50 mL). The organic
phases were combined, washed with brine, dried over sodium sulfate and
concentrated to give a yellow solid which was purified by column chromatography
(DCM: McOH = 50:1), to give a pale yellow solid , compound 5 (7.62 g, yield
61.5%). 'H NMR(CDCl;,400MHz):8(ppm) 7.92(1H,t,J=8.8Hz), 6.60(1H, s),
6.49(1H,d,J=8.4Hz), 6.32(1H,d,J=14Hz), 4.10(2H,s), 2.99(3H,d,J=4.4Hz).

Synthesis of 4-(1-cyano-cyclobutylamino)-2-fluoro-N-methyl-benzamide

(Compound6)
0 ®)
"”""‘*r’ﬂ*v” .0 . wscn CH-COOH A
N , . ol I N
H;N”ﬂ \f""’L‘“F " D se /\><E/Lf r
5 6

TMSCN (1.77 g, 17.84 mmol), cyclobutanone (0.89 mL, 11.89 mmol) and

compound 5 (1 g, 5.95 mmol) were dissolved in acetic acid (10 mL). The resulting
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mixture was reacted at 80°C overnight (16 h). After cooled to room temperature, into
the mixture water (10 mL) was added and extracted with ethyl acetate, washed with
brine, dried over sodium sulfate and concentrated. The resulting solid was washed
with petroleum ether (10 mL) and dried by suction to give compound 6 as a brown
solid (1.32 g, yield 90%). 'H NMR(CDCl;, 400MHz): 6(ppm) 7.99(1H,t,J=8.4Hz),
6.70(1H,s), 6.49(1H,d,J=8.8Hz), 6.30(1H,d,J=14.4Hz), 4.62(1H,s),
3.01(3H,d,J=4.8Hz), 2.84(2H,m), 2.40(2H,m), 2.27(1H, m), 2.20(1H, m).
5. Synthesis of

4-[7-(4-cyano-2-trifluoromethyl-phenyl)-8-oxo0-6-thio-5,7-diazaspiro (compound 7,

control compound 1)

o - CN
. "ﬂ“m"‘ E \T 1. DMF, 120°C f Lj
O] \f I R NC »&1 }L
P ,: e )
Fal

LN R 2 HO!

o

2
6

Compound 6 (1 g, 4.04 mmol) and Compound 2 (0.92 g, 4.04 mmol) were
dissolved in DMF (10 mL). The obtained mixture was heated to 120°C overnight (16
h), and then ethanol (10 mL), water (10 mL) and concentrated hydrochloric acid (2
mL) were added and heated at reflux for 1 h. The resulting mixture was extracted
with ethyl acetate, washed with brine, dried over sodium sulfate, concentrated and
purified by column chromatography (PE: EA / 1:1) to give a brown solid, which was
purified by preparative chromatography to give compound 7 as a white solid (210 mg,
yield 11%). '"H NMR(DMSO, 400MHz): 8(ppm)8.48(1H, s), 8.40(1H, d, J=8Hz),
8.25(1H,s), 8.06(1H,d,J=8.4Hz), 7.83(1H,t,J=7.6Hz), 7.48(1H, d, J=10.4Hz),
7.39(1H, d, J=8.4Hz), 2.81(3H, d), 2.63(2H, m), 2.48(2H, m), 1.96(1H, m), 1.58(1H,
m).MS: 477.2(M+H").

Example 2:
4-[7-(4-cyano-2-trifluoromethyl-phenyl)-8-0x0-6-thio-5,7-diazaspiro[3,4]-5-octyl]-2
-fluoro-N,N-dimethyl benzamide (Compound 11)
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0
e COOH
e f .
J\ .col J/\I/IL t&b J-LN .
O 2, MeNHHCL CH JCOOH A

&Et,’- HoN S
3 9
. o
T msen N 1 2.DMF, 120G S O\/ﬂr]«
<C”( ) e = NC ( 3 N)L
CH:CODH, 807C ‘ 2. HC! P \
ol +
10 11
Synthesis of 2-fluoro-N,N-dimethyl-4-nitro-benzamide (Compound 8)
O
. COOH
fl \/T’ 1, CDI N /[,/\ »Q\Nf
A o | f\ilj! |
OsN N 2, Me-NH-HCI, P,
| :iuzt3 O,N™ ™~ °F
3 8

Into a solution of compound 3 (25 g, 135.06 mol) in methylene chloride (200
mL) CDI (32.8 g, 202.28 mmol) was added. The reaction mixture was stirred at room
temperature for one hour. Into a solution of dimethylamine hydrochloride (13.22 g,
162.12 mmol) in dichloromethane (50 mL) triethylamine (20.47 g, 202.29 mmol)
was added to give a white suspension. After stirred at room temperature for half an
hour, the suspension was added to the reaction mixture slowly. After the resulting
mixture was stirred for one hour, the reaction was quenched by adding water (100
mL). The organic phase was separated and the aqueous phase was extracted with
dichloromethanc twice (2 x 50 mL). The organic phases were combined, washed
with 1 M hydrochloric acid twice (2 x S0 mL), | M aqueous sodium hydroxide
solution twice (2 x 50 mL) and saturated brine (100 mlL) once, dried (Na,SO,),
filtered and concentrated under reduced pressure to give a white solid 8 (compound &,
16.86 g, yield 60%). MS: 199 (M + H™).

Synthesis of 2-fluoro-N,N-dimethyl-4-amino-benzamide (Compound 9)

s Fe
il/%]/il\N/, CHiCOOHEOAD =11 i ?’,\Q /JLN/
‘; 5 Reflux .
ON" F F HNT
8 9

Compound 8 (16,86 g, 79.5 mmol) was dissolved in a solution of ethyl acetate
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and acetic acid (60 mL + 60 mL). 42 g of iron powder was added and the mixture
was refluxed overnight (16 h), and then cooled to room temperature. The solid was
filtered, and washed with ethyl acetate (3 x 60 mL) for three times. The organic
phases were combined, washed with brine, dried over sodium sulfate, and
concentrated to give a yellow solid which was purified by column chromatography
(DCM: MeOH = 50: 1) to give compound 9 as a white solid (7.8 g, 55% yield).

Synthesis of 4-(1-cyano-cyclobutylamino)-2-fluoro-N,N-dimethyl-benzamide
(compound 10)

o O
= Q, CH,COOH L
AP \[“ -+ TMsCN - - N N
ﬂ J I o (’\\(C"\j] P ]
HaN7 i ~E BOYC L HE g
? 10

TMSCN (1.63 g, 16.47 mmol), cyclobutanone (0.82 ml., 10.98 mmol),
compound 9 (1 g, 5.49 mmol) were dissolved in acetic acid (10 mL). The resulting
mixture was maintained at 80°C overnight (16 h), and cooled to room temperature.
Water (10 mL) was added, and the resulting mixture was extracted with ethyl acetate,
washed with brine, dried over sodium sulfate, and concentrated. The resulting solid
was washed with petroleum ether (10 mL) and dried by suction to give compound 11
as a brown solid (1.31 g, yield 91%). 'H NMR (DMSO, 400MHz): d(ppm) 7.24 (1H,
s), 7.20 (1H, d, J = 8Hz), 6.46 (1H, d, ] = 8.81z), 6.33 (1 H , d, ] = 12Hz) 2.96 (3H,
s), 2.87 (3H, s), 2.74 (2H, m), 2.36 (2H, m), 2.08 (2H, m).

Synthesis of
4-[7-(4-cyano-2-trifluoromethyl-phenyl)-8-0x0-6-thio-5,7-diazaspiro[3,4]-5-octyl]-2
-fluoro-N,N-dimethyl-benzamide (compound 11)

i
o N v AL
. JLN/ E ‘]: 1, DMF . 120°C q“\ f\ /i( hl‘

i g
S, CMI + e e o LN
oy /'i‘x;'f?'I'~F | LN TR 2 Hel ) Ta e
~ i Sm o .

H Fal A
10 2 11

Compound 10 (1 g, 3.83 mmol) and compound 2 (1 g, 4.38 mmol) were
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dissolved in DMF (10 mL). The mixture was heated to 120°C and kept overnight (16
h). Ethanol (10 mL), water (10 mL) and concentrated hydrochloric acid (2 mL) were
added, and the resulting mixture was heated at reflux for 1 h. The mixture was
extracted with ethyl acetate, washed with brine, dried over sodium sulfate, and
concentrated. A brown solid was obtained by column chromatography (PE: EA / 1:
1), which was further purified by preparative chromatography to give compound 11
as a white solid (256.5 mg, yield 13.6%). 'H NMR (DMSO, 400MHz): 8(ppm) 8.40
(IH, d, J=8.4Hz), 8.25 (1H, s), 8.06 (1H, d, J = 8.4Hz), 7.65 (1H, t, ] = 7.6Hz), 7.49
(IH, d, J =9.6Hz), 7.39 (1 H, d, ] = 8Hz), 3.05 (3H, s), 2.91 (3H, s), 2.64 (2H, m),
2.50 (2H, m), 1.97 (1H, m), 1 .59 (1H, m). MS: 491.2 (M + H").

Example 3:
4-[7-(4-cyano-2-trifluoromethyl-phenyl)-8-oxo-6-thio-5,7-diazaspiro[3,4]-5-octyl]-2

-fluoro-N-trideuteromethyl-benzamide (compound 15)
o ACO0M

r

T e
o2 \.;fj\p ’CL/,NH H J:\ fﬂ W CH L OOH ,[:(K i

3

o o o

¢ ["‘] o ‘)L .C0;
| TMSCN oAby €05 1,2, DMF, 120°C f

“i[ —— e 5O ’\>., \““N S L‘r

—
CHACOOH 80°C "\ 2. HCl
qu,

14 15

Synthesis of 2-fluoro-N-trideuteromethyl-4-nitro-benzamide (compound 12)

0
COOH
S cor oy -C0s
0N 2, CD3NHy HCl, L _H
NEt QzN F
3 12

Into a solution of compound 3 (5.25 g, 28.37 mol) in dichloromethane (20 mL)
CDI (4.62 g, 28.37 mmol) was added. The reaction mixture was stirred at room
temperature for one hour. Into a solution of trideuterated methylamine hydrochloride
(2 g, 28.76 mmol) in methylene chloride (20 mL) triethylamine (3.27 g, 32.36 mmol)

was added to give a white suspension. After stirred at room temperature for half an
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hour, the suspension was added to the reaction mixture slowly. The resulting mixture
was stirred for another hour, the reaction was quenched by adding water (10 mL).
The organic phase was separated and the aqueous phase was extracted with
dichloromethane (2 x 20 mL) twice. The organic phases were combined, washed
with 1 M hydrochloric acid (2 x 10 mL) twice, | M aqueous sodium hydroxide
solution (2 x 10mL) twice and saturated brine (10 mL) once, dried (Na,SQOy), filtered
and concentrated under reduced pressure to give a white solid 12 (compound 12, 5.1
g, 88.2% yield). MS: 202(M + H").

Synthesis of 2-fluoro-N-trideuteromethyl-4-amino-benzamide (compound 13)
O Fe, O

i —
/.,Qi"_{ﬂ,ﬁ,l_xr\j,_CD3 CH,COOH/EIOAG =1:1 _ St
/“ P Reflux j o H
O,N™ ™7 °F HoNT F
12 13

Compound 12 (5.1 g, 25.37 mmol) was dissolved in a solution of ethyl acetate
and acetic acid (15 mL + 15 mL). 15 g of iron powder was added and the mixture
was refluxed overnight (16 h) and then cooled to room temperature. The solid was
filtered, and washed with ethyl acetate (3 x 20 mL) for three times, the organic
phases were combined, washed with brine, dried over sodium sulfate, and
concentrated to give a yellow solid which was purified by column chromatography
(DCM: MeOH = 50: 1) to give compound 13 as a pale yellow solid (2.22 g, 51.2%
yield). 'HNMR (CDCl;, 400MHz): 8(ppm) 7.92 (1H, t, J = 8.8Hz), 6.59 (1H. s), 6.49
(1H, d, ] = 8.4Hz), 6.32 (1H, d. J = 14.4Hz). 4.10 (2H, s).

Synthesis of
4-(1-cyano-cyclobutylamino)-2-fluoro-N-trideuteromethyl-benzamide (compound
14)

QO
. n. O CH,COOH LCD;y
"“*l*r"‘ﬂ\m’caﬂ = +  TMSCN - - g Nl N .
ﬂ ,l H D o '~/\><C P H
M 60°C ;31 E
13 14

TMSCN (1.77 g, 17.54 mmol), cyclobutanone (0.89 ml, 11.88 mmol), and
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compound 13 (I g, 5.95 mmol) were dissolved in acetic acid (10 mL). The mixture
was maintained at 80°C overnight (16 h), and cooled to room temperature. Water (10
mL) was added, and the resulting mixture was extracted with ethyl acetate, washed
with brine, dried over sodium sulfate, and concentrated. The resulting solid was
washed with petroleum ether (10 mL) and dried by suction to give compound 14 as a
brown solid (1.31 g, 90% yield). '"H NMR (DMSO, 400Mllz): & (ppm) 7.79 (1H, s),
7.56 (1H, t, J = 8.8Hz), 7.36 (1H, s), 6.46 (1H, d, J = 8.4Hz), 6.31 (1H, d, J =
13.6Hz), 2.76 (2H, m), 2.36 (2H, m), 2.07 (2H, m). MS: 251.1 (M + H").
Synthesis of
4-[7-(4-cyano-2-trifluoromethyl-phenyl)-8-oxo0-6-thio-5,7-diazaspiro[3,4]-5-octyl]-2

-fluoro-N-trideuteromethyl-benzamide (compound 15)

a
O C ¢
M., ,-co. e 1. DMF, 120°C s o L, -c0;
o A : — b A A
T g A &l ", /’ v, -
<R ‘J/L'\"ﬂ[“? H Q»,CQN TNFETNE, 2 el NCNQNN N r
) FiC ij
14 2 15

Compound 14 (0.5 g, 2mmol) and Compound 2 (0.5 g, 2.19mmol) were
dissolved in DMF (5 mL). The resulting solution was heated to 120°C overnight (16
h). Into the solution ethanol (5 mL), water (5 mL) and concentrated hydrochloric
acid (1 mL) were added, and the resulting mixture was heated at reflux for 1 h. The
resulting mixture was extracted with ethyl acetate, washed with brine, dried over
sodium sulfate, and concentrated. The residue was purified by column
chromatography (PE: EA / 1: 1) to give a brown solid which was further purified by
preparative chromatography to give compound 15 as a white solid (204.6 mg, 21.36%
yield). '"H NMR (DMSO, 400MHz): d(ppm) 8.46 (1H, s), 8.40 (1H, d, J = 8Hz), 8.25
(1H, s), 8.06 (1H, d, J = 8Hz), 7.83 (1H, t, ] = 8Hz), 7.48 (1H, d, J = 10.8Hz), 7.39
(1H, d, ] = 8.4Hz), 2.64 (2H, m), 2.47 (2H, m), 1.97 (1H, m), 1.57 (1H, m) 0 477.2
(M + H).

Example 4:
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4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-0x0-2-thio-1-imidazolidin

yl}-2-fluoro-N-methyl-benzamide (compound 17, as a control compound 2)

3 0
,LDL P Tmsen I~
P . , S - 4 o
E/\\T/ N ney. H N 1.2, DMF, 120°C
. AN
H

H _—

HN” \":;:;A\F &GGEH;gCGOH 2, HC
5 o 16
S F’"f g)]\ N
/“Wh‘s\ “:i* P H
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Synthesis of 4-(2-cyano-2-propylamino)-2-fluoro-N-methyl-benzamide

(compound 16)
O

o]
/:Q‘ ‘,/LL. N -~ O\ CH 1CO’OH I ] -~
[ I N+ %+ Tuscw - NC\J\ | H
HyN™ T~ F / 80°C. SN
H
16

5

TMSCN (5 g, 50.4 mmol) and compound 5 (2 g, 11.89 mmol) were dissolved in
a mixed solution of acetic acid (10 mL) and acctone (10 mL). The resulting mixturc
was maintained in a sealed tube at 80°C overnight (16 h), and then cooled to room
temperature. Acetone was removed under reduced pressure, water was added (20
mL), and the resulting mixture was extracted with ethyl acetate, washed with brine,
dried over sodium sulfate, and concentrated. The resulting solid was washed with
petroleum ether (10 mL) and dried by suction to give compound 16 as a white solid
(2.56 g, 91.5% yield). '"H NMR (CDCls, 400MHz): 8(ppm) 7.97 (1H, t, J = 8.8Hz),
6.65 (1H, s), 6.62 (1H, d, J = 5.2Hz), 6.59 (1H, d, J = 14.8Hz), 4.40 (1H, s), 3.01 (3H,
d, J =4Hz), 1.76 (6H, s).

Synthesis of
4-{7-{4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-ox0-2-thio-1-imidazolidin
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yl}-2-fluoro-N-methyl-benzamide (compound 17)
o)

s .
ﬁ)\"“ g‘jrw 1, DMF_ 120°C s @Ku’
o —_—— ;
NG \1\ ,[w/ g + N7, 2 ol NG ﬁ‘\\_mN}kN S
H F 57 = Mﬂ

16 2 17

Compound 16 (1 g, 4.25 mmol) and compound 2 (1 g, 4.38 mmol) were
dissolved in DMF (10 mL). The solution was heated to 120°C and kept overnight (16
h). Ethanol (10 mL), water (10 mL) and concentrated hydrochloric acid (2 mL) were
added, and the resulting mixture was heated at reflux for 1 h. The mixture was
extracted with ethyl acetate, washed with brine, dried over sodium sulfate, and
concentrated. The residue was purified by column chromatography (PE: EA/ 1: 1) to
give a brown solid which was further purified by preparative chromatography to give
compound 17 as a white solid (337.6mg, 17.1% yie d) H NMR (DMSO, 400MHz):
o(ppm) 8.46 (1H, s), 8.40 (1H, d, ] = 8.4Hz), 8.30 (1H, s), 8.09 (1H, d, J = 8Hz) 7.79
(1H,t, ] = 8Hz), 7.44 (1H, d, J = 10.4Hz), 7.34 (1H, d, J = 8.0Hz), 2.80 (3H, d, ] =
4Hz), 1.96 (1H,m), 1.55 (6H, s ). MS: 465.2 (M + H").

Example §:
4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-ox0-2-thio-1-imidazolidin
yl}-2—fluoro-N,N-dimethyl benzamide(compound 19)

0 o)
0 A
,ﬁ/u N /T Tmson J:AQ‘“ JL T 1,2, DMF, 120°C

H)M.,ﬂw.;' v ! CHACOOH # g 2 1Ol -

a0°C
9 18
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13

Synthesis  of 4-(2-cyano-2-propylamino)-2-fluoro-N,N-dimethyl benzamide
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(compound 18)
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TMSCN (1.5 g, 15.12 mmol) and compound 9 (0.5 g, 2.74 mmol) were
dissolved in a mixed solution of acetic acid (5 mL) and acetone (5 mL). The
resulting mixture was maintained in a sealed tube at 80°C overnight (16 h), and then
cooled to room temperature. Acetone was removed under reduced pressure, water
was added (10 mL), and the resulting mixture was extracted with ethyl acetate,
washed with brine, dried over sodium sulfate, and concentrated. The resulting solid
was washed with petroleum ether (5 mL) and dried by suction to give compound 18
as a white solid (0.55 g, 80.4% yield). 'H (DMSO, 400MHz): o(ppm) 7.20 (1H, t, ] =
8.4Hz), 6.76 (1H, s), 6.67 (1H, d, ] = 8.8Hz), 6.57 (1H, d, J = 12.8Hz), 2.96 (3H, s),
2.87 (3H, s), 1.66 (6H, s). MS:250.2 (M + H").

Synthesis of
4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-ox0-2-thio-1-imidazolidin
yl}-2-fluoro-N,N-dimethyl benzamide (compound 19)

¥
§ , CN )
-~ )\N/‘ /E\I( 1. DMF, 120%C %‘ E’\{{LT <
o j o NN, s se—F Ny Ay
R I ‘1/ e /_.C . e F‘JN
H 5 - (,,x’ ,:,)erF
- 0
18 2 19

Compound 18 (0.5 g, 2.01 mmol) and compound 2 (0.5 g, 2.19 mmol) were
dissolved in DMF (5 mL). The resulting mixture was heated to 120°C overnight (16
h). Ethanol (5§ mL), water (5 mL) and concentrated hydrochloric acid (1 mL) were
added, and the resulting mixture was heated at reflux for 1 h. The mixture was
extracted with ethyl acetate, washed with brine, dried over sodium sulfate, and
concentrated. The residue was purified by column chromatography (PE: EA/ 1: 1) to
give a brown solid which was further purified by preparative chromatography to give
compound 19 as a white solid (124.6 mg, 13% yield). 'H NMR (DMSO, 400MHz):
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S(ppm) 8.40 (1H, d, J = 8Hz), 8.30 (11, s), 8.09 (1H, d, J = 9.2Hz), 7.61 (1H,t, ] =
8H1z), 7.44 (1H, d, ] = 10.4Hz), 7.34 (1H, d, J = 7.6Hz), 3.04 (3H, s), 2.89 (1H, s),
1.56 (6H, s). MS: 479.2 (M + H™).

Example 6:
4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-0x0-2-thio-1-imidazolidin

yl}-2-fluoro-N- tndeuteromethylbenzamlde (compound 21)

}_ O
/7 TMSCN S ,
f\ GD~, / NG )L J;\\Hg 1.2, OMF, 120°C .
N CH,COOH N FF 2. HC
¢ 80°C
12 20
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Synthesis of
4-(2-cyano-2-propylamino)-2-fluoro-N-trideuteromethyl-benzamide (compound 20)

Q
) o - cooH ﬂ CD.
j@j/mm»wz © 4 + TuSCN e . N(:)[ (\I 1
HJN‘ M\;:/ .\F N SUDC>

12
TMSCN (4 g, 40.3 mmol) and compound 12 (1.5 g, 8.76 mmol) were dissolved

in a mixed solution of acetic acid (10 mL) and acetone (10 mL). The resulting
mixture was maintained in a sealed tube at 80°C overnight (16 h), and then cooled to
room temperature. Acetone was removed under reduced pressure, water was added
(20 mL), and the resulting mixture was extracted with ethyl acetate, washed with
brine, dried over sodium sulfate, and concentrated. The resulting solid was washed
with petroleum ether (10 mL) and dried by suction to give compound 20 as a white
solid (1.95 g, 93.4% vield).

Synthesis of

28-
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4-{7-]4-cyano-3-(trifluoromethyl)phenyl]-5.5-dimethyl-4-oxo0-2-thio-1-imidazoli
dinyl}-2-fluoro-N-trideuteromethyl benzamide (compound 21)

o CH AL coy
oAby, CD: [ . DMF, 120°C /jl N
vl Y ¥ L " KWN%LJ ¥

S ik 2, HCI
e R F . i
u Fois

20 2 21

Compound 20 (0.5 g, 2.1 mmol) and compound 2 (0.5 g, 2.19 mmol) were
dissolved in DMF (10mL). The resulting mixture was heated to 120°C overnight (16
h). Ethanol (5 mL), water (5 mL) and concentrated hydrochloric acid (1 mL) were
added, and the resulting mixture was heated at reflux for 1 h. The mixture was
extracted with ethyl acetate, washed with brine, dried over sodium sulfate, and
concentrated. The residue was purified by column chromatography (PE: EA/ 1: 1) to
give a brown solid which was further purified by preparative chromatography to give
compound 21 as a brown solid (132.7mg, 11% yield). 'H NMR (DMSO, 400MHz):
8(ppm) 8.44 (1H, s), 8.41 (1H, d, J = 8.4Hz), 8.30 (1H, s), 8.09 (1H, d, J = 7.6Hz),
7.79 (1H, t, J = 8Hz), 7.44 (1H, d, ] = 11.2Hz), 7.34 (1H, d, J = 8.8Hz), 1.54 (6H, s).
MS: 477.2 (M + H").

Example 7:
4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-ox0-2-thio-1-imidazolidin
y1}-3,5-dideutero-2-fluoro-N-methyl benzamide (compound 24)
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Synthesis of 3,5-dideutero-4-amino-2-fluoro-N-methyl benzamide (compound

22)
o)
O
1 MW, 125G D /lLN/
E§‘ NT o+ DO+ HCO g l[\ \L H
. -
oy A e
HDN/ g 30min HyN 6 F
3 22

Into a suspension of compound 5 (1 g, 5.95 mmol) in hecavy water (10 mL)
concentrated hydrochloric acid (0.5 mL, 6.00 mmol) was added, thereby forming the
heavy water solution of the hydrochloride salt of compound 5. The mixture was
heated to 125°C by microwave, and reacted for 30 min. Then the reaction solution
was adjusted to alkaline with 1 M NaOH aqueous solution, and white solid
precipitated. The solid was filtered and washed with water (20 mL x 3), dried in an
oven to give compound 22 as a white solid (0.80 g, 79.0% yield). 'H NMR (CDCls,
400MHz): o (ppm) 7.92 (1 H, d, J = 8.8Hz), 6.62 (1H, s), 4.10 (2H, s), 2.99 (3H, s).

Synthesis  of  4-(2-cyano-2-propylamino)-3,5-dideutero-2-fluoro-N-methyl

benzamide (compound 23)
o)

ﬁ D it
(E N S 0 CH,COOH R Ve il
I I N+ —¢ o+ TmsCN - = NC| T T A
ok, A i g
HN T F ) 80°C. N
g D
22 23

TMSCN (2 g, 20.2 mmol) and compound 22 (0.8 g, 4.5 mmol) were dissolved
in a mixed solution of acetic acid (5 mL) and acetone (5 mL). The resulting mixture
was maintained in a sealed tube at 80°C overnight (16 h), and then cooled to room
temperature. Acetone was removed under reduced pressure, and water was added (20
mL). The resulting mixture was extracted with ethyl acetate, washed with brine,
dried over sodium sulfate, and concentrated. The resulting solid was washed with
petroleum ether(10 mL) and dried by suction to give compound 23 as a white solid
(1.05 g, 97.8% yield). '"H NMR (CDCls, 400MHz): & (ppm) 7.98 (1H, d, J = 8.8Hz),
6.65 (1H, s), 3.01 (3H, d, J = 3.6Hz), 1.76 (6H, s).

Synthesis of
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4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-0x0-2-thio-1-imidazolidin
yl}-3.5-dideutero-2-fluoro-N-methyl benzamide (compound 24)

0
0
CN D
Dy oy /C[ 1,DMF, 120PC s N~
—_— i
NC)I\ At N CF3 2 HCl he M F
i i F Sf-c ! H\ D
oo e d
23 24

2

Compound 23 (1 g, 4.2 mmol) and compound 2 (1 g, 4.4 mmol) were dissolved
in DMF (10 mL). The resulting mixture was heated to 120°C overnight (16 h).
Ethanol (10 mL), water (10 mL) and concentrated hydrochloric acid (2 mL) were
added, and the resulting mixture was heated at reflux for 1 h. The mixture was
extracted with ethyl acetate, washed with brine, dried over sodium sulfate, and
concentrated. The residue was purified by column chromatography (PE: EA/ 1: 1) to
give a white solid which was further purified by preparative chromatography to give
example 24 as a brown solid (210.7 mg 10.7% yield). '"H NMR (CDCl; 400MHz):
d(ppm) 8.29 (1H, d J = 8.4Hz), 8.00 (1H d J = 8Hz), 7.95 (1H, s), 7.83 (IH, d J =
8.417)6.74 (1Hs ), 3.08 (1H d ] = 3.6Hz), 1.62 (6H s) MS: 467.1(M + H").

Example &:
4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-0x0-2-thio-1-imidazolidin
yl}-3,5-dideutero-2-fluoro-N-trideuteromethyl benzamide (compound 27)

o 0

o
0, D A co.
- “D- ; i N
e Ao 0.0 oo~ A on ST Tmsen Nc)fl :[1 N
il J H J: A NN N
N7 . HoJ

A

H: M. 125°C HNT OPTF CH.COOH
¢ HOC. ¢

Drnin 26

]
12 25

1.2, OMF, 120°C — S\;_\ 1 %; ﬁ
NG N NTTRTF
2, HCI N ]
‘}:/‘ ;rmi-% D
F4C a 4
27

Synthesis of 3,5-dideutero-4-amino-2-fluoro-N-trideuteromethyl benzamide
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(Compound 25)

. ?L ey M.W., 125°C Do~y -CDs
f! T g + D0+ HC > /{’(/} H
N 30min HyN F
- D

Into a suspension of compound 12 (2 g 11.68 mmol) in heavy water (10 mL)
concentrated hydrochloric acid (I mL 12.00 mmol) was added, thereby forming the
heavy water solution of the hydrochloride salt of compound 12. The mixture was
heated to 125°C by microwave, and reacted for 30 min. Then the reaction solution
was adjusted to alkaline with 1 M NaOH aqueous solution, white solid precipitated,
and the solid was filtered and washed with water (20 mL x 3), dried to give
compound 22 as a white solid (1.20 g 59.3% yield). 'H NMR (CDCl; 400MHz): &
(ppm) 7.92 (1H, d. J = 8.8Hz), 6.61 (1IHd J = 0.8Hz), 4.12 (2H s).

Synthesis of
4-(2-cyano-2-propylamino)-3,5-dideutero-2-fluoro-N-trideuteromethyl benzamide

(compound 26)

o 0
D CcD
D L. co 0 CHC OOH N3
TSN —{+ TmsCH 2 - NC>]\ H
HoN™ ™~ F 80°C N F
D
26

D
25

TMSCN (3.6 g 36.3 mmol) and compound 25 (1.2 g 6.2 mmol) were dissolved
in a mixed solution of acetic acid (10 mL) and acetone (10 mL). The resulting
mixture was maintained in a sealed tube at 80°C overnight (16 h), and then cooled to
room temperature. Acetone was removed under reduced pressure, water was added
(20 mL), and the mixture was extracted with ethyl acetate, washed with brine, dried
over sodium sulfate, and concentrated, The resulting solid was washed with
petroleum ether (10 mL) and dried by suction to give compound 26 as a white solid
(1.3 g 78.9% yield). "H NMR (CDCl;, 400MHz): 8(ppm) 7.98 (1H, d J = 8.8Hz),
6.63 (1H, d, ] = 12Hz), 4.35 (1H, s), 1.76 (6H s). MS:241.1 (M + HY).

Synthesis of
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4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-oxo-2-thio-1-imidazolidin
yl}-3,5-dideutero-2-fluoro-N-methyl benzamide (compound 27)
i \/CN 0

2 2

Compound 26 (0.6 g, 2.5 mmol) and compound 2 (0.6 g, 2.6 mmol) were
dissolved in DMF (10 mL). The resulting mixture was heated to 120°C and kept
overnight (16 h). Ethanol (10 mL), water (10 mL) and concentrated hydrochloric
acid (2 mL) were added, and the resulting mixture was heated at reflux for 1 h. The
mixture was extracted with ethyl acetate, washed with brine, dried over sodium
sulfate, and concentrated. The residue was purified by column chromatography (PE:
EA / 1: 1) to give a white solid which was further purified by preparative
chromatography to give example 27 as a brown solid (210.7 mg, 10.7% yield). 'H
NMR (CDCl;. 400 MHz): 8(ppm) 8.28 (1H, d, J = 8.4 Hz), 8.00 (1H, d, ] = 8 Hz),
7.95 (1H, s), 7.83 (IH, d, ] = 8 Hz), 6.71 (1H, d, J =1 1.2 Hz), 1.62 (6H, s). MS:
470.1 (M + H").

Example 9:
4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-hexadeuterodimethyl-4-oxo-2-thio-1-i

midazolidinyl}-2-fluoro-N-methyl benzamide (compound 29)
0
N o, 80°C )1\
TN BoCDy ¢ TMSCN e §05 J/ ]
| \r’J\ flr H D¢ M. >1\ A A

5 28

1.2, OME, 120°C NC{QLJA\ f\f\

2 HC Fc };r “f‘(‘ Dy

29

Synthesis of 4-(2-cyano-2-hexadeuteropropylamino)-2-fluoro-N-methyl

benzamide (compound 28)
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S o i
Y _— B ANY. o e N
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5 28

TMSCN (2.1 g, 21.2 mmol), compound 5 (0.7 g, 4.2 mmol) and deuterated
acetone (1.5 g, 23.4 mmol) were placed in a microwave reaction tube, and the
mixture was heated to 80°C by microwave, and reacted for 3 h, power 50 W. The
mixture was cooled to room temperature, deuterated acetone was removed under
reduced pressure, and water was added (20 mL). The resulting mixture was extracted
with ethyl acetate, washed with brine, dried over sodium sulfate, and concentrated.
The resulting solid was washed with petroleum ether (10 mL) and dried by suction to
give compound 28 as a white solid (870 mg, 86.6% yield). 'H NMR (CDCl;, 400
MHz): 3(ppm) 7.98 (1H, t, ] = 8.4 Hz), 6.64 (1H, s), 6.62 (1H, d, J =4 Hz), 6.58 (1H,
s),4.37 (1H, s), 3.00 (3H, s).

Synthesis of
4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-hexadeuterodimethyl-4-oxo-2-thio-1-i
midazolidinyl}-2-fluoro-N-methyl benzamide (compound 292}

) i v 2 HC ;
[A i G & 5;"/C ' >.“x—_/ c

" FiC g ¢

28 2 29

a ey L.
o M [ D 1, OMF. 120°C 8 K/I N
LS g N o —_ - LT N
nel o f ] R ~ NC = khN)*M F
2Dy
iy

Compound 28 (630 mg, 2.6 mmol) and compound 2 (720 mg, 3.2 mmol) was
dissolved in DMF (10 mL), and the resulting mixture was heated to 120°C and kept
overnight (16 h). Ethanol (10 mL), water (10 mL) and concentrated hydrochloric
acid (1 mL) were added, and the resulting mixture was heated at reflux for 1 h. The
mixture was extracted with ethyl acetate, washed with brine, dried over sodium
sulfate. and concentrated. The residue was purified by column chromatography (PE:
EA / 1: 1) to give a brown solid which was further purified by preparative
chromatography to give example 29 as a white solid (100.4 mg, 8% yield). "H NMR
(CDCls, 400 MHz): 8(ppm) 8.28 (1H, t, J = 8.4 Hz), 7.99 (111, d, J = 8.4 Hz), 7.95
(1H. s), 7.83 (1H, d, J = 8.0H z), 7.25 (1H, s), 7.17 (1H, d, ] = 11.6 Hz) 6.81 (1H, d,
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J=4.8 Hz), 3.09 311, d, ] = 4.4 Hz). MS: 471.2 (M + H").

Example 10:
4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-hexadeuterodimethyl-4-oxo0-2-thio-1-

imidazolidinyl}-2-fluoro-N-trideuteromethyl benzamide (compound 31

A en, O%_ 80°C o
ST $—CD;  + TMSCN —— o CD3 f
J\ A H ne M. /L
HaN ™ ™ °F D4
5 o
5 ‘5:',"\ /LLN.—CDB
; W J\ T H
1.2, DME . 120°C NG —F N
N > = ) xH““""D
2 HCI / ; Ly
FsC C; GOy

Synthesis of
4-(2-cyano-2-hexadeuteropropylamino)-2-fluoro-N-trideuteromethyl benzamide
(Intermediate 30)

o
co, -
\\L N $-CD;  + TMSCN qu r b
D:C 80°C

N7 \/ F

The mixture of TMSCN (1.5 g, 15.1 mmol), compound 6 (0.5 g, 3.0 mmol) and
deuterated acetone (0.75 g,11.7 mmol) was placed in a microwave reaction tube, and
the mixture was heated to 80°C by microwave, and reacted for 3 h, with power of 50
W. The mixture was cooled to room temperature, deuterated acetone was removed
under reduced pressure, and water was added (20 mL). The resulting mixture was
extracted with cthyl acctate, washed with brine, dried over sodium sulfate, and
concentrated. The resulting solid was washed with petroleum ether (10 mL) and
dried by suction to give compound 28 as a white solid (630 mg, 87.8% yield). "H
NMR (CDCls, 400 MHz): é(ppm) 7.99 (1H, t, J = 8.8 Hz), 6.64 (1H, s), 6.62 (1H, d,
J =4 Hz),6.58 (1H, s), 4.37 (1H, s).

Synthesis of
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4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-hexadeuterodimethyl-4-oxo-2-thio-1-i

midazolidinyl}-2-fluoro-N-methylbenzamide (compound 31)
9]

a L CN . ~ AL, ST
oo, (\T , DMF. 12070 5 f\i N
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Compound 30 (630 mg, 2.6 mmol) and compound 2 (720 mg, 3.2 mmol) was
dissolved in DMF (10 mL), and the resulting mixture was heated to 120°C overnight
(16 h). Ethanol (10 mL), water (10 mL) and concentrated hydrochloric acid (1 mL)
were added, and the resulting mixture was heated at reflux for 1 h. The mixture was
extracted with ethyl acetate, washed with brine, dried over sodium sulfate, and
concentrated. The residue was purified by column chromatography (PE: EA/ 1: 1) to
give a brown solid which was further purified by preparative chromatography to give
example 31 as a white solid (55.5 mg, 4.4% yield). '"H NMR (CDCl;, 400MHz):
d(ppm) 8.29 (1H, t, J = 8.4 Hz), 8.00 (1H, d, J = 8.4 Hz), 7.95 (1H, s), 7.83 (1H, d, J
= 8.0 Hz) 7.24 (1H, s), 7.15 (1H, d, J = 12.0 Hz) 6.69 (1H, d, J = 1 1.6 Hz). MS:
4742 (M + H").

Example 11:

4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-0x0-2-thio-1-imidazolidin
yl}-2-deutero-N-methyl benzamide (compound 36)
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Synthesis of 2-chloro-4-nitro-N-methyl benzamide (Intermediate 32)

0
. -COOH
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32
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To a solution of 4-nitro-2-chloro-benzoic acid (9.0 g, 44.6 mmol) in thionyl
chloride (100 mL) 4 drops of DMF were added, and the reaction mixture was heated
at reflux for one hour and cooled to room temperature. The solvent was removed
under reduced pressure to give a pale yellow solid. The solid was dissolved in
dichloromethane (50 mL). Into a solution of methylamine hydrochloride (3.0 g, 44.6
mmol) in dichloromethane (50 mL) triethylamine (13 mL, 89.3 mmol) was added,
thereby obtaining a white suspension. After stirred at room temperature for half an
hour, the suspension was added to the above dichloromethane solution slowly, and
the resulting mixture was maintained at room temperature for one hour. The mixture
was filtered to give a white solid, which was washed successively with water and
dichloromethane (5 mL x 2) twice to give the intermediate 32 (6.3 g, 65.8% yield).

Synthesis of 2-chloro-4-amino-N-methyl benzamide (Intermediate 33)

o) Fe, o}
N ,}I\N,, CH;COOM/FIOAC =11 L /}\‘"‘I/JL‘N/
EI /f H Reflux ] p H
O,NT e HyNT T e
32 33

Compound 32 (6.3 g, 29.1 mmol) was dissolved in a solution of ethyl acetate
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and acetic acid (50 mL +25 mL). 17 g of iron powder was added, and the resulting
mixture was refluxed overnight (16 h). The mixture was cooled to room temperature.
The solid was filtered, and washed with ethyl acetate (3 x 50 mL) for three times.
The organic phases were combined, washed with brine, dried over sodium sulfate,
and concentrated to give a yellow solid which was purified by column
chromatography (DCM: MeOH = 50:1) to give compound 33 as a pale yellow solid
(3.4 g, 62.0% yield).
Synthesis of 2-deutero-4-amino-N- methyl benzamide (Intermediate 33)

Q
PiC, D,

|
PN N
HNT g =
33

500 mg of Pd/C and 20 mL of heavy water were added into a 250 mL round
bottom flask, hydrogen was filled into the flask, and the resulting mixture was stirred
at room temperature for 3 days. Then a solution of compound 33 (560 mg, 3.0 mmol)
in ethyl acetate (10 mL) and triethylamine (303 mg, 3.0 mmol) were added, and the
resulting mixture was stirred for 2 h. The mixture was filtered, and the resulting solid
was washed with ethyl acetate (20 mL x 3) for three times. Layers were separated,
and the organic phase was washed with water (20 mL x 2), dried over anhydrous
sodium sulfate, and filtered. The solvent was evaporated to give a white solid 34
(368 mg, 81.2% yield ). '"H NMR (DMSO, 400 MHz): & (ppm) 7.82 (1H, d, J = 6.8
Hz), 7.19 (2H, s), 2.77(3H,s).

Synthesis  of 4-(2-cyano-2-propylamino)-2-deuteron-N-methyl benzamide

(Intermediate 35)
o o)

CH,CO0H

o ,‘ JL
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35
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TMSCN (1 g, 5.9 mmol) and compound 5 (368 mg, 2.4 mmol) were dissolved
in a mixed solution of acetic acid (5 mL) and acetone (5 mL). The resulting mixture

was placed in a sealed tube for reacting at 80°C overnight (16 h), and then cooled to
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room temperature. Acetone was removed under reduced pressure, water was added
(10 mL), and the resulting mixture was extracted with ethyl acetate, washed with
brine, dried over sodium sulfate, and concentrated, The resulting solid was washed
with petroleum ether (10 mL) and dried by suction to give compound 35 as a white
solid (476 g, 90.9% yield). '"H NMR (DMSO, 400 MHz): 8(ppm) 8.12 (1H, s), 7.69
(1H, d, ] = 8.8 Hz), 6.81 (2H, s), 6.59 (1H, s), 2.74 (3H, 5), 1.67 (6H, s).
Synthesis of

4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-oxo0-2-thio-1-imidazolidin
yl}-2-deutero-N-methyl benzamide (compound 36)

LCN :
- i ‘\‘L 1. DMF_126°C 3\ f ,
N TR R
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Compound 35 (476 mg, 2.2 mmol) and compound 2 (600 mg, 2.6 mmol) were
dissolved in DMF (10 mL), and the resulting mixture was heated to 120°C and kept
overnight (16 h). Ethanol (10 mL), water (10 mL) and concentrated hydrochloric
acid (1 mL) were added, and the resulting mixture was heated at reflux for 1 h. The
mixture was extracted with ethyl acetate, washed with brine, dried over sodium
sulfate, and concentrated. The residue was purified by column chromatography (PE:
EA / 1: 1) to give a brown solid which was further purified by preparative
chromatography to give example 36 as a white solid (92.1 mg, 9.4% yicld). 'H NMR
(CDCls, 400 MHz): 8(ppm) 7.99 (1H, d, J = 8.8 Hz), 7.96 (1H, s), 7.92 (1H, d, J =
8.8 Hz), 7.84 (1H, d, J = 8 Hz), 7.39 (2H, s), 6.18 (1H, s), 3.05 BH, d, ] = 4.4 I1z),
1.60 (6H, s). MS: 448.2 (M + H").

Example 12:

4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-o0xo0-2-thio-1-imidazolidin

yl}-2—deutero-N-trideuteromethyl benzamide (compound 41)
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Synthesis of 2-chloro-4-nitro-N-trideuteromethyl benzamide (Intermediate 37)
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Into a solution of 4-nitro-2-chloro benzoic acid (3.0 g, 14.9 mmol) in thionyl
chloride (50 mL) 4 drops of DMF were added. The reaction mixture was heated at
reflux for one hour, and cooled to room temperature. The solvent was removed under
reduced pressure to give a pale yellow solid. The solid was dissolved in
dichloromethane (20 mL). Triethylamine (2.3 g, 22.8 mmol) was added into a
solution of deuterated methylamine hydrochloride (1.0 g, 14.9 mmol) in mecthylene
chloride (10 mL), thereby obtaining a white suspension. After stirred at room
temperature for half an hour, the suspension solution was added to the above
methylene chloride solution slowly, the resulting mixture was maintained at room
temperature for reacting for one hour. The resulting mixture was filtered to give a
white solid, which was washed successively with water and dichloromethane (5 mL
x 2) twice, thereby obtaining the intermediate 37 (2.8 g, 86.6% yield).

Synthesis of 2-chloro-4-amino-N-trideuteromethyl benzamide (Intermediate 38)
Fe

O o
. /ﬁ\ N CDy CHyCOOMEIDAG =1:1 N - N .CD,
,ﬁ/\L H Reflux i ,{ 1A
ON" ~F g HoN~ F g
37 38
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Compound 37 (1.2 g, 5.5 mmol) was dissolved in a solution of ethyl acetate and
acetic acid (10 mL +10 mL). 3 g of iron powder was added, the resulting mixture
was refluxed overnight (16 h), and then the mixture was cooled to room temperature.
The solid was filtered, and washed with ethyl acetate (3 x 10 mL) for three times. The
organic phases were combined, washed with brine, dried over sodium sulfate, and
concentrated to give a yellow solid which was purified by column chromatography
(DCM: MeOIl = 50:1) to give compound 38 as a pale yellow solid (650 mg, 76.7%
yield).

Synthesis of 2-deutero-4-amino-N-trideuteromethyl benzamide (Intermediate

39)
0 o
:
. bl CDs PW/C, D, . fﬁ\ co;
- N — Y
H e Lol H
HNT ) o HNT D
38 39

500 mg Pd / C and 20 mL of heavy water were added into a 250 mL round
bottom flask, and hydrogen was filled to the flask. The mixture was stirred at room
temperature for 3 days. Then a solution of compound 38 (650 mg, 3.5 mmol) in ethyl
acetate (10 mL) and triethylamine (354 mg, 3.5 mmol) were added to the reaction
system, the resulting mixture was stirred for 2 hours. The resulting solid was filtered,
and washed with ethyl acetate (20 mL x 3) for three times. Layers were separated,
and the organic phase was washed with water (20 mL x 2), dried over anhydrous
sodium sulfate, and filtered. The solvent was evaporated to give a white solid 39
(500 mg, '"H NMR (DMSO, 400 MHz): & (ppm) 7.82 (1H, d, ] = 6.8 Hz), 7.19 (2H,
s).

Synthesis of 4-(2-cyano-2-propylamino)-2-deutero-N-trideuteromethyl

benzamide (Intermediate 40)

Q 0
e _f_,.“\_ N LDy 0, CH;COOH Ay Plols™
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TMSCN (1.5 g, 15.1 mmol) and compound 39 (500 mg, 3.2 mmol) were
dissolved in a mixed solution of acetic acid (5 mL) and acetone (5 mL). The
resulting mixture was placed in a sealed tube at 80°C for reacting overnight (16 h),
and then cooled to room temperature. Acetone was removed under reduced pressure,
water was added (20 mL), and the resulting mixture was extracted with ethyl acetate,
washed with brine, dried over sodium sulfate, and concentrated. The resulting solid
was washed with petroleum ether (10 mL) and filtered to give compound 40 as a
white solid (564 mg, 79.8% yield).

Synthesis of
4-{7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dimethyl-4-ox0-2-thio-1-imidazolidin

yl}-2-deutero-N-trideuteromethyl benzamide (compound 41)

G N
P e s J’ 1 1, DIMF, 120°C
nel [N ~F > Ne /’“\ k
P e N 2, HCl
P u- o D S{")

40 2 41

Compound 40 (564 mg, 2.6 mmol) and compound 2 (600 mg, 2.6 mmol) were
dissolved in DMF (10 mL), the resulting mixture was heated to 120°C overnight (16
h). Ethanol (10 mL), water (10 mL) and concentrated hydrochloric acid (1 mL) were
added, and the resulting mixture was heated at reflux for 1 h. The mixture was
cxtracted with ethyl acctate, washed with brine, dried over sodium sulfate, and
concentrated. The residue was purified by column chromatography (PE: EA/ 1: 1) to
give a brown solid which was further purified by preparative chromatography to give
example 41 as a white solid (107 mg 9.1% yield). "H NMR (CDCl; 400MHz): é(ppm)
7.99 (1H, d, J = 8.4Hz), 7.96 (1H, s), 7.92(1H, d J = 8.8Hz), 7.84 (1H, d, J = 8.4Hz),
7.39 (2H,s), 6.14(1H.,s), 1.58 (6H,s), MS: 451.2(M + H").

Examplel3:
4-{7-[4-cyano-3-trifluoromethyl-2,6-dideuterophenyl]-5,5-dimethyl-4-o0x0-2-thio-1-i
midazolidinyl}-2-fluoro-N-methyl benzamide (compound 44)
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D
e NH; 1 2
f’; \'x"‘]" ! 1,0, coenHC! {/J\\\j UNHg ol "JLCI L N“3C
e e s ] N
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Cr, MW, 180°C NG «Cr

D s (/ i)l‘N/
F H
1,16, DMF, 120°C 0 Ak

W P Ry
> N e 1 F
2. M bw\ -
F4C 04 A
44

Synthesis of 4-amino-2-trifluoromethyl-3,5-dideuterobenzonitrile (Intermediate
42)

NG T’f' D
CFa
42

D
ﬁj M., 150°C AN
= " o — -
NC \f_e + DO+ coonHC /l j\
CF

Into a suspension of 4-amino-2-trifluoromethyl benzonitrile (1 g, 5.4 mmol) in
heavy water (15 mL) concentrated hydrochloric acid (cocn HCI, 0.45 mL, 5.40 mmol)
was added. The mixture was heated to 150°C by microwave, and maintained for 3 h.
Ethyl acetate (20 mL) was added into the reaction mixture, and then the mixture was
adjusted to alkaline with 1 M NaOH solution. Layers were separated, the aqueous
phase was extracted with ethyl acetate (20 mL x 2) twice, and the organic phases
were combined, dried over anhydrous sodium sulfate, and filtered. The solvent was
removed under reduced pressure to give compound 42 as a white solid (960 mg, 95%
yield). '"H NMR (CDCl;, 400 MHz): 8 (ppm) 7.56 (1H, s), 4.41 (2H, s).

Synthesis  of  4-isothiocyanato-2-trifluoromethyl-3,5-dideuterobenzonitrile

(Intermediate 43)

D D 5
Lo wr Lo
g s H.0 S
I Y -
NCTTYT D CIoe NCT YD
CF. CF,
42 43

Into an aqueous suspension (20 mL) of thiophosgene (3.0 g, 26.2 mmol) 42
(960 mg, 5.1 mmol) was slowly added in batches. After the reaction mixture was
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stirred at room temperature (20°C) for one hour, it was extracted with ethyl acetate
(3 x 20 mL) for three times. The organic layers were combined and washed with
saturated brine (20 mL) once, dried (Na,SQ,), filtered, and concentrated under
reduced pressure to give a black solid, which was purified by column
chromatography to give 43 as a white solid (1.1 g, 92% yield).
Synthesis of

4-{7-[4-cyano-3-trifluoromethyl-2,6-dideuterophenyl]-5,5-dimethyl-4-ox0-2-thio-1-i
midazolidinyl}-2-fluoro-N-methylbenzamide (compound 44)

[®]
O C -
. LL _ D\?i/?:;}(,f N 1, DMF, 120°C HD fu\ o \j{'ltﬁ
- TN P Lk, _ - A ) S,
3 + - P L ] NG~ \\ N D F
", - % Bl
Nb»i\ I ]; H NG o HEl -
AT s° b B =
b F;g C/ 5 O&"b
16 43 44

Compound 16 (0.6 g, 2.6 mmol) and compound 43 (0.5 g, 2.2 mmol) were
dissolved in DMF (10 mL). The resulting solution was heated to 125°C and kept
overnight (16 h). Ethanol (10 mL), water (10 mL) and concentrated hydrochloric
acid (2 mL) were added, and the resulting mixture was heated at reflux for 1 h. The
mixture was extracted with ethyl acetate, washed with brine, dried over sodium
sulfate, and concentrated. The residue was purified by column chromatography (PE:
LA/ 1: 1) to give a brown solid which was further purified by preparative
chromatography to give example 44 as a white solid (47.1 mg, 4% yield). '"H NMR
(CDCl;, 400 MHz): 6(ppm) 7.99 (1H, d, J = 8.8 Hz), 7.96 (1H, s), 7.92 (1H, d, 8.8
Hz), 7.84 (1H, d, J = 8.4 Hz), 7.39 (2H, s), 6.18 (1H, s), 3.05 (3H, d, J = 4.4 Hz),
1.60 (6H. s). MS: 467.2 (M + H").

Example 14:

4-{7-[4-cyano-3-trifluoromethyl-2,6-dideuterophenyl]-5,5-dimethyl-4-ox0-2-thio-1-i

midazolidinyl}-2-fluoro-N-trideuteromethyl benzamide (compound 45)
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45

Compound 20 (0.6 g, 2.7 mmol) and compound 43 (0.5 g, 2.2 mmol) were
dissolved in DMF (10 mL). The resulting solution was heated to 125°C overnight (16
h). Ethanol (10 mL), water (10 mL) and concentrated hydrochloric acid (2 mL) were
added, and the resulting mixture was heated at reflux for 1 h. The mixture was
extracted with ethyl acetate, washed with brine, dried over sodium sulfate, and
concentrated. The residue was purified by column chromatography (PE: EA / 1: 1) to
give a brown solid which was further purified by preparative chromatography to give
example 44 as a white solid (62.0 mg, 6.8% yicld). '"H NMR (CDCl3, 400 MlHiz):
o(ppm) 7.99 (1H, d, ] = 8.4 Hz), 7.96 (1H, s), 7.92 (1H, d, 8.8 Hz), 7.84 (1H,d, ] =
8.4 Hz), 7.39 (2H, s), 6.14 (1H, s), 1.60 (6H, s). MS: 470.2 (M + H").

Example 15:

The following Examples are similar to the method of Example 1, except that
methylamine hydrochloride is replaced by CHD,NH, or CH,DNH, or CD;NH,
hydrochloride, cyclobutanone is replaced by hexadeuterated acetone (CD;COCD;) or
acctone, 4-amino-2-trifluoromethylbenzonitrile is replaced by deuterated
4-amino-2-trifluoromethylbenzonitrile, and 2-fluoro-N-methyl-4-amino-benzamide
is replaced by deuterated N-methyl-4-amino-benzamide. The compounds prepared

were shown in Table 1.
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Table 1

No. structure Name
FiC . i H,CHDZ 4-[7-(2-trifluoromethyl-4-cyanophenyl)-8-0x0-6-t
46 NC N)\\N F hio-5,7-diazaspiro[3,4]-5-octyl}-2-fluoro-N-(dide
om uteromethyl)benzamide
FiC . i H,CHzD 4-[7-(2-trifluoromethyl-4-cyanophenyl)-8-0x0-6-t
47 NC N)LN F hio-35,7-diazaspiro[3,4]-5-octyl]-2-fluoro-N-(deut
om cromethyl)benzamide
FiC ¢ D i ”,coa 4-[7-(2-trifluoromethyl-4-cyanophenyl)-8-ox0-6-t
48 NC N»\N F hio-5,7-diazaspiro[3,4]-5-octyl]-2-fluoro-3,5-dide
D
om utero-N-(trideuteromethyl)benzamide
FiC D i E’CHE 4-[7-(2-trifluoromethyl-4-cyanophenyl)-8-0x0-6-t
49 NC N»\N F hio-5,7-diazaspiro[3,4]-5-octyl]-2-fluoro-3,5-dide
D
o>7/{j utero-N-methylbenzamide
FiC . J@E)Lu,cos 4-[7-(2-trifluoromethyl-4-cyanophenyl)-8-0x0-6-t
50 NG N)\\N D hio-5,7-diazaspiro[3,4]-5-octyl]-2-dideutero-N-(tr
om ideuteromethyl)benzamide
PG b g /@\)Okﬁ,coz 4-[7-(2-trifluoromethyl-4-cyano-2,6-dideuterophe
51 NC N)\\N F nyl)-8-oxo0-6-thio-5,7-diazaspiro[3,4]-5-octyl]-2-f
D om luoro-N-(trideuteromethyl)benzamide
o]
PG o s /@fk” cHy | 4-[7-(2-trifluoromethyl-4-cyano-2,6-dideuterophe
52 NC\Q\N»‘N F nyl)-8-ox0-6-thio-5,7-diazaspiro[3,4]-5-octyl]-2-f
D om luoro-N-methylbenzamide
o) 4-[7-(2-trifluoromethyl-4-cyano-2,6-dideuterophe
G pos ”’CDS nyl)-8-0x0-6-thio-5,7-diazaspiro(3,4]-5-octyl]-2-f
53 | ne T

luoro-3,5-dideutero-N-(trideuteromethyl)benzami
de
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4-[7-(2-trifluoromethyl-4-cyano-2,6-dideuterophe

54 nyl)-8-oxo0-6-thio-5,7-diazaspiro[3.4]-5-octyl]-2-f
D
D o>//(j luoro-3,5-dideutero-N-methylbenzamide
D,C . /Cﬁ?\u,cm 4-[7-(2-trideuteromethyl-4-cyanophenyl)-8-oxo0-6
55 | e SN _thio-5,7-diazaspiro[3,4]-3-octyl]-2-fluoro-N-(trid
o>//(—:l euteromethyl)benzamide
DSC s /@\)?\H,CH;, 4-[7-(2-trideuteromethyli-4-cyanophenyl)-8-ox0-6
56 NC N)LN F -thio-5,7-diazaspiro| 3,4]-5-octyl]-2-fluoro-N-met
w hylbenzamide
0]
FiG s dums 4-[7-(2-trifluoromethyl-4-cyanophenyl)-8-oxo-6-t
57 NC N)kN D hio-5,7-diazaspiro[3,4]-5-octyl]-2-dideutero-N-m
o>//{j ethylbenzamide
D o0 4-[7-(2-trifluoromethyl-4-cyano-2,6-dideuterophe
D .CDs
s RSP . ﬁlu | hyl)-8-0x0-6-thio-3,7-diazaspiro[3,4]-5-octyl]-2-f
D) NC N E
Nm D luoro-3,3,6-trideutero-N-(trideuteromethyl)benza
D
° mide
e o s ! ON,CH3 4-[7-(2-trifluoromethyl-4-cyano-2,6-dideuterophe
H
59 NC\Q\N»\N F nyl)-8-oxo0-6-thio-3,7-diazaspiro[3,4]-5-octyl]-2-f
D
D om luoro-3,5,6-trideutero-N-methylbenzamide
FiG s i H,CHD2 4-[7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dim
60 | nc N)LN F ethyl-4-oxo-2-thio-1-imidazolidinyl]-2-fluoro-N-(
O)/f— dideuteromethyl)benzamide
FiC ; i u,cHZD 4-[7-[4-cyano-3-(trifluoromethyl)phenyl]-5,5-dim
61 NC NXN F ethyl-4-oxo-2-thio-1-imidazolidinyl]-2-fluoro-N-(
ob/f- deuteromethyl)benzamide
o}
FC S /@\/k”moz 4-[7-[4-cyano-3-trifluoromethyl-2,6-phenyl]-5,5-
62 | nc My D dimethyl-4-ox0-2-thio-1-imidazolidinyl]-2-deuter

0-N-(dideuteromethyl)benzamide

-47-




CA 02859224 2014-06-13

0 4-[7-(4-cyano-3-trifluoromethyl-2,6-dideuteroph
o NCFaC D Ni: F H’CDE enyl)-5,5-dimethyl-4-ox0-2-thio-1-imidazolidiny
g oﬁ D 1]-2-fluoro-3,5-dideutero-N-(trideuteromethyl)be
nzamide
PG o g P i -Cts | 4-[7-(4-cyano-3-trifluoromethyl-2,6-dideuteroph
64 NC NXN:Q\)FLH enyl)-5,5-dimethyl-4-ox0-2-thio-1-imidazolidiny
D o)/’f’ ’ 1]-2-fluoro-3,5-dideutero-N-methylbenzamide
FiC s i oo | 4-[7-(4-cyano-3-trifluoromethylphenyl)-5,5-dim
65 | ne—¢ T\ Hwnto ethyl-4-0x0-2-thio-1-imidazolidinyl]-2-deutero-
obz{— N-(deuteromethyl)benzamide
D:C. s /@\)OkN,coa 4-[7-(4-cyano-3-(trideuteromethyl)phenyl]-5,5-d
66 NC N)LN f imethyl-4-0x0-2-thio-1-imidazolidinyl]-2-fluoro-
oH‘ N-(trideuteromethyl)benzamide
DG . dLN,CHa 4-|7-(4-cyano-3-(trideuteromethyl)phenyl]-5,5-d
67 | A" imethyl-4-0x0-2-thio-1-imidazolidinyl]-2-fluoro-

N-methylbenzamide

tested:
First, the human prostate cancer LNCaP (purchased from ATCC, USA) and

Example 16: In vitro activity test

The ability of compounds to inhibit the growth of prostate cancer cells was

22RVI (purchased from SIBS) cells were transferred to a RPMI11640 culture medium

containing 10% charcoal-stripped fetal bovine serum (FBS). After cultured for three

days, the cells were digested with 0.25% trypsin and counted through trypan blue

staining. The cells were plated, with 100 pl. cell suspension containing 5000 cells

per well. 200 pl. medium was added to the wells around the cell plate for avoiding

edge effects.

The next day, 6 drug concentrations was prepared (48.6 pM, 19.44 uM, 7.776

uM, 3.11 uM, 1.24 uM, 0.5 uM) before administration, and 100 pl. of corresponding
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compound at corresponding concentration was added into each well of a cell plate.
The cell plate was placed in a cell incubator for 30 min, 10 uL of 4 nM R1881 was
added into each well and homogeneously mixed. Upon the addition of R1881, the
cell plate was placed in a cell incubator and incubated at 37°C, under 5% CO, for 96
hours. Afterwards, 40 ul. of MTT (prepared in PBS, concentration is 2.5 mg/mL)
was added into each wells, and incubated at 37°C for 2 hours. The supernatant was
sucked off, and 100 pL. of DMSO was added into each well. The plate was shaken by
a vibratior for 10 min for dissolving formazan. The plate was read at 570 nm
wavelength using a microplate reader in the unit of OD. The inhibition rate of test
compounds was calculated with the following equation:
IR (%) = (OD conirol = ODsampie) / (ODcontrot = ODplank) x100%
The inhibition rate curve of test compounds was plotted using the software
XLFit (Formula 205), which can calculate the 50% inhibition rate, i.e. ICs.
The results were shown in Table 2. The results demonstrated that, compared
with bicalutamide, control compound | or 2, the compounds of the present invention
exhibited better inhibition on the growth of prostate cancer cell, and for some

compounds, the inhibition thereof were significantly increased.

Table 2
LNCaP(ICsq,uM) | 22RVI(ICsp,uM)

bicalutamide 18.45 30.88
Example | (control compound 1, i.e. compound | 4.09 25.99
7)

Example 4 (control compound 2, i.e. compound | 8.93 30.56
17)

Example 2 (compound 11) 1.37 20.76
Example 3 (compound 15) 0.36 14.96
Example 5 (compound 19) 2.07 23.37
Example 6 (compound 21) 0.99 13.43
Example 7 (compound 24) 2.20 19.72
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Example 13 (compound 44) 2.74 15.55
Example 9 (compound 29) 1.86 26.51
Example 11 (compound 36) 1.75 18.93
Example 8 (compound 27) 1.01 18.69
Example 14 (compound 45) 1.50 26.92
Example 10 (compound 31) 1.49 26.71
Example 12 (compound 41) 2.42 25.82

Example 17: Activity test in vitro

The in vitro biological activity of test compounds of the present invention as
androgen receptor antagonist can be tested by the methods as reported in J. Medcinal
Chemistry (2010, page 2779-2796 and WO201 1/029392).

The inhibition activity of these compounds on prostate specific antigen (PSA)
was determined using prostate cancer cells (LNCaP and 22RV1). Prostate cancer
cells (LNCaP and 22RV1) could be purchased from ATCC, USA. The expression of
PSA in cells was induced with the artificially synthesized androgen R1881
(methyltrienolone, androgen receptor activator) to increase the sensitivity of
inhibition experiment. 50% inhibition concentration (ICs¢) of the compounds on
prostate specific antigen (PSA) in prostate cancer cells (LNCaP and 22RV1) was

calculated according to reported methods. The results are shown in Table 3.
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Table 3

Example LNCaP (I1Csy, nM) | 22RV1(ICsy, nM)
Example 1 (control compound 1) | <1000 <2000
Example 4 (control compound 2) | <1000 <2000
Example 2 (compound 11) <800 <1600
Example 3 (compound 15) <400 <1000
Example 5 (compound 19) <800 <1600
Example 6 (compound 21) <400 <1000
Example 7 (compound 24) <600 <1000
Example 8 (compound 27) <600 <1000

The results showed that, compared with control compounds, the compounds of
formula I of the present invention could significantly inhibit prostate specific antigen
(PSA).

Example 18: Pharmacokinetic evaluation in Mice

10 mg/kg AF-484 (Example 6, compound 21) and AF-486 (Example 4,
compound 17) were intragastrically administered to Healthy Kunming mice (KM
mice), male, weighing 18-20 g. Compounds were dissolved in DMSO: PEG400: H,O
1: 5: 14. The volume of administration was 10 mL / kg. Before testing, the mice
fasted for 12 h and drunk water ad libitum. Then, the mice were fed together at 2 h
after administration. 0.3 mL of blood were took from 3 mice through retrobulbar
venous plexus at 0.5, 1.0, 2.0, 4.0, 6.0 and 24 h after administration, placed in
heparinized tubes, and centrifuged for 5 min at 11000 rpm. The plasma was
separated and frozen in a refrigerator at -20°C. 100 uL of serum was transferred with
a pipettor into a clean plastic centrifuge tube marked with compound’s name and
time point, and diluted with acetonitrile (CH;CN) and centrifuged. The concentration

of drug was analyzed by LC-MS. Serum was stored at -80°C before analysis.

The pharmacokinetic parameters of deuterated compound (Example 6,
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compound 21) and undeuterated compound (Example 4, compound 17) were show
in following table. The experimental results showed that, compared with
corresponding undeuterated compound 17, Cmax and AUC of the deuterated
compound 21 of the present invention were significantly increased, in which Cmax

was increased by at least 20%.

Table 4
compound Tmax (h) Cmax (pg/mL)
21 6.0 10.4
17 6.0 8.45

Example 19 Pharmaceutical compositions

Compound 21 (Example 6) 20 g

Starch 140 g

Microcrystalline cellulose 60 g

The above materials were mixed by conventional methods and then packaged

into ordinary gelatin capsules to obtain 1,000 capsules.

It should be understood that after reading the above teaching, many variations and
modifications may be made by the skilled in the art, and these equivalents also fall

within the scope as defined by the appended claims.
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CLAIMS:

1. An imidazolidinedione compound of formula ():
Rs; O
R1o R4
Re X NR/R,
NC )
N N Rs
R7
R4 )/Q Rs
R12 ®) R8

wherein,

R!is selected from the group consisting of hydrogen, deuterium, methyl and one or more
deuterium-substituted or perdeuterated C;-Cy4 alkyl;

R? is selected from the group consisting of deuterium and one or more deuterium-
substituted or perdeuterated C,-Cy alkyl;

R3 is hydrogen, deuterium or halogen;

R* R3, RS R%, R0, R12 are hydrogen, deuterium or halogen;

R” and R? are independently selected from the group consisting of methyl and one or
more deuterium-substituted or perdeuterated C;-Cs alkyl, or R7 and R? are joined to form Cs-
Cs cycloalkyl;

R'"is non-deuterated, one or more deuterium-substituted or perdeuterated C;-Cq alkyl, or
partly or totally halogen-substituted Ci-Cs alkyl;

XisSorO;

or pharmaceutically acceptable salt, hydrate or solvate thereof.

2. The compound of claim 1, wherein R! is selected from the group consisting of
hydrogen, deuterated methyl, and deuterated ethyl; and

R? is selected from the group consisting of deuterated methyl and deuterated ethyl.

3. The compound of claim 1, wherein when R! is hydrogen, R? is selected from the group

consisting of mono-deuterated methyl, bi-deuterated methyl, tri-deuterated methyl, mono-
=53 -
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deuterated ethyl, bi-deuterated ethyl, tri-deuterated ethyl, tetra-deuterated ethyl, and penta-

deuterated ethyl.
4. The compound of claim 1, wherein when R! is hydrogen, R? is tri-deuterated methyl.
5. The compound of claim 1, wherein the compound is selected from the group

consisting of:

s Nl B _CHD,
NC - 5
N £ XC >\ *
N X ¥
N
Y

8

(9]
9]
n D, Dy
red “He y v
Fi A . X
S it - A
N >\ N F
N F N

O
O

O
[¢]
B /CI)3
FC ChH N
3 ) N/ 3 Y] g i
: N F
N D :
K N
D

Q 0

2 )

H FiC D by

i L, D . N
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(9]
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NC
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4]
M) o}
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3 ] x
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NC
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and

6. The compound of claim 1, wherein the compound is selected from the group

consisting of:
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7. A method for preparing a pharmaceutical composition, comprising mixing the
compound of any one of claims 1-6, or pharmaceutically acceptable salt, hydrate or solvate

thereof and a pharmaceutically acceptable carrier to form a pharmaceutical composition.

8. A pharmaceutical composition, comprising (1) the compound of any one of claims 1-
6, or pharmaceutically acceptable salt, hydrate or solvate thereof, and (2) a pharmaceutically

acceptable carrier.

9. The pharmaceutical composition of claim 8, wherein the composition further

comprises an additional therapeutic agent.

10. The pharmaceutical composition of claim 9, wherein the additional therapeutic agent
is the therapeutic agent for treating alopecia, hair regeneration, pimples, acne or prostate

cancer.

11. A use of the compound of any one of claims 1-6 or pharmaceutically acceptable salt,
hydrate or solvate thereof as an androgen receptor antagonist or for preparation of a

medicament for treatment or prevention of a disease related to androgen receptor activity.

12, A use of the compound of any one of claims 1-6 or pharmaceutically acceptable salt,
hydrate or solvate thereof for treatment or prevention of a disease related to androgen receptor

activity.

13, The use of claim 11 or 12, wherein the disease is selected from the group consisting of

alopecia, hair regeneration, pimples, acne and prostate cancer.

14, A method for preparing the compound of formula (I) of claim 1, comprising steps of:
(1) in a acidic solvent, in the presence of cyanide, reacting compound 5a with R7C(O)Rs, to

form compound 6a,

.58 -
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R, Ry O
R CONHR4R (o) R4
4 i RN 12 yR‘ R7 CN ' NR1R2
Z
H2N Rs Ry - Rg H Re
Rs 5 Rs
6a

wherein, the cyanide is TMSCN, sodium cyanide or potassium cyanide,

(2) in an aprotic solvent, under acidic conditions, reacting compound 2a with compound

6a, to form the compound of formula (1),

R R3 R3 o]
10 R R R,
5 10 4
NC C:'X Ry éN NR1R; Re ﬁL NR,R;
v » NC
. R¢ H Rs NN R, Re
" 2R 5 Ri1 Riz & Ry
6a

wherein, R!, R%, R3, R%, R°, RS, R7, R8, R%, R!%, R!!_ R!2 and X are as defined in claim 1.

15.
prior to step (1):

The method of claim 14, wherein the method further comprises the following steps

(1-1) in an inert solvent, reacting compound 3a with NHR Ry, to form compound 4a, and

Rs Rs
Rq COOH NHR/R, Rq CONHR4R,
0N Re > 05N Re
R R
° 3a 5 4a

(1-2) in an inert solvent, reducing compound 4a to compound 5a,

CA 2859224 2018-10-25
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Rs

Ry
Ry CONHR{R; R, CONHR;R;
O:N Re . HoN Rs
Rs ‘a Reducing agent N Rs 52

wherein, R!, R%, R3, R%, R®, and R®are as defined in claim 1.
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