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(57) Abrege/Abstract:
Disclosed Is a pyridino[1,2-a]pyrimidone analogue used as a PI3K Inhibitor. The present invention particularly relates to a
compound represented by formula (I) or a pharmaceutically acceptable salt thereof.
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ABSTRACT
Disclosed is a pyridino[1,2-alpyrunidone analogue used as a PI3K inhibitor.
The present mnvention particularly relates to a compound represented by formula (1) or a

5>  pharmaceutically acceptable salt thereof.
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Pyridino|1,2-a]pyrimidone Analogue Used as PI3K Inhibitor

TECHNICAL FIELD

The present invention relates to a class of pyrido|1,2-a]pyrimidone analogues

as PI3K mhibitors, and more specifically, relates to a compound represented by Formula

(I) or a pharmaceutically acceptable salt thereof.

BACKGROUND

PI3K pathway 1s the most common place where human cancer cells mutate
which may lead to cell proliferation, activation and signal amplification.

PI3K kinases (phosphatidylinositol 3-kinases, PI3Ks) belong to the lipid
kinase family and are capable of phosphorylating the 3°-OH end of the inositol ring of
phosphatidylinosttols. Phosphatidylinositol 3-kinase (PI3K) 1s a lipid kinase composed of a
regulatory subunit p85 or pl0l and a catalytic subumit pll0. It catalyzes the
phosphorylation  of  phosphatidylinositol  4,5-bisphosphate  (PIP2) to  form
phosphatidylinositol 3,4,5-trisphosphate (PIP3), thereby activating downstream Akt, etc.,
so as to play a key role in proliferation, survival, metabolism and the like of cells.
Therefore, the inhibition of phosphatidylinositol 3-kinases can influence the PI3K
pathway, thereby inhibiting the proliferation and activation of cancer cells.

The tumor suppressor gene PTEN (phosphatase and tension homolog deleted
on chromosome ten) dephosphorylates PIP3 to generate PIP2, thereby achieving the
negative regulation of PI3K/Akt signal pathway, inhibiting cell proliferation and
promoting cell apoptosis. The frequent occurrences of PI3K gene mutation and
amplification in cancers, the absence of PTEN in cancers and the like indicate that PI3K is

closely associated with the occurrence of tumors.

SUMMARY OF THE INVENTION

An objective of the present invention is to provide a compound represented by

Formula (I) or a pharmaceutically acceptable salt thereof,
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the structure unit VA N may  be replaced

fsr I 3

E 1s selected from the group consisting of C;.¢ alkyl, and 3- to 10-membered
cyclohydrocarbyl or heterocyclohydrocarbyl, wherein said C;6 alkyl and 3- to
10-membered cyclohydrocarbyl or heterocyclohydrocarbyl are optionally substituted with
1, 2 or 3 Ra:

one of L and Q 1s selected from the group consisting of -C(Ra1)(Ra2)-,
-C(=O)N(Ra3)-, -N(Raa)-, -C(=NRuys)-, -S(=0)2N(Rg6)-, -S(=O)N(Rg7)-, -O-, -S-, -C(=0)O-,
-C(=0)-, -C(=5)-, -S(=0)-, -S(=0)2- and -N(Ras)C(=O)N(R49)-, and the other one is
selected from the group consisting of a single bond and -C(Ruy;1)(R42)-;

A and T are each independently selected from the group consisting of N and
C(Ry);

none or one of X, Y and Z 1s N, and the others are C(Ry);

B 1s selected from the group consisting of -C(Ra1)(Ra2)-, -C(=O)N(Rg3)-,
-N(Ra4)-, -C(=NRags)-, -S(=0O)2N(Rgs)-, -S(=O)N(Rg7)-, -O-, -S-, -C(=0)O-, -C(=0)-,
-C(=S)-, -S(=0)-, -S(=0)2-, and -N(Ra3)C(=O)N(Ru9)-;

the heteroatom or heteroatom group is each independently selected from the
2
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group consisting of -C(=O)N(Ra3)-, -N(Rgs)-, -C(=NRus)-, -S(=0):N(Rus)-, -S(=0)N(R47)-,
-0-, -S-, -C(=0)0-, -C(=0)-, -C(=S)-, -S(=0)-. -S(=0):- and -N(Ras)C(=O)N(Rgo)-;

m is independently O, 1, 2 or 3;

3{D1\\ D3\

one of Ry 1s 2/ R4 , and the others are selected from the
group consisting of H, F. Cl, Br, I, CN, OH, SH, NH;, CHO, COOH, C,.1o alkyl or
heteroalkyl, 3- to 10-membered cyclohydrocarbyl or heterocyclohydrocarbyl, Ci.10alkyl or
heteroalkyl  substituted with  3- to  10-membered  cyclohydrocarbyl  or
heterocyclohydrocarbyl, 3- to 10-membered cyclohydrocarbyl-O- or
heterocyclohydrocarbyl-O-, and 3- to 10-membered cyclohydrocarbyl-amino- or
heterocyclohydrocarbyl-amino-, wherein said Cj.;0 alkyl or heteroalkyl, 3- to
10-membered cyclohydrocarbyl or heterocyclohydrocarbyl, Cj.10 alkyl or heteroalkyl
substituted with 3- to 10-membered cyclohydrocarbyl or heterocyclohydrocarbyl, 3- to
10-membered cyclohydrocarbyl-O- or heterocyclohydrocarbyl-O-, and 3- to 10-membered
cyclohydrocarbyl-amino- or heterocyclohydrocarbyl-amino- are optionally substituted with
Rot;

D) 1s selected from the group consisting of a single bond, -C(Rgi)(Rqg2)-,
-C(=O)N(Ra3)-, -N(Ra4)-, -C(=NRuys)-, -S(=0)2N(Rg6)-, -S(=O)N(Rg7)~, -O-, -S-, -C(=0)0O-,
-C(=0)-, -C(=S)-, -S(=0)-, -S(=0)2- and -N(Rgs)C(=O)N(Ru9)-;

D> 1s -C(Ra1)(Ra2)-;

D3 i1s selected from the group consisting of -N(Ras)-, -C(=O)N(Rgs)-,
-N(Ry1)C(=0)-, -N(Raa)C(=0O)O-, -N(Ry44)OC(=0)-, -N(Ra@s)C(=O)N(Ras)-, -S(=0)-,
-5(=0)2-, -S(=0)2N(Ras)- and -S(FO)N(Rq7)-;

R4 15 selected from the group consisting of H, Ci.j0alkyl or heteroalkyl, 3- to
10-membered cyclohydrocarbyl or heterocyclohydrocarbyl, and Ci.ij0 alkyl or heteroalkyl
substituted with 3- to 10-membered cyclohydrocarbyl or heterocyclohydrocarbyl, wherein
saild Ciqo alkyl or heteroalkyl, 3- to 10-membered cyclohydrocarbyl or
heterocyclohydrocarbyl, and C;j.1palkyl or heteroalkyl substituted with 3- to 10-membered
cyclohydrocarbyl or heterocyclohydrocarbyl are optionally substituted with Ro;

nisl, 2, 3.4 5o0r6;

optionally, any two R, R4 and Rgz in the same D3, two Dy, Rsand one Do, or

R4 and Ds are attached together to the same carbon atom or heteroatom to form one or two

3-, 4-, 5- or 6-membered carbocyclic ring or heterocyclic ring;

L
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Ri, Rdai and Rgp are each independently selected from the group consisting of
H, F, Cl, Br, I, CN, OH, SH, NH>, CHO, COOH, C(=0O)NH2, S(=0)NH,, S(=0):NHa, Ci.10
alkyl or heteroalkyl, 3- to 10-membered cyclohydrocarbyl or heterocyclohydrocarbyl, and
Ci.10 alkyl or heteroalkyl substituted with 3- to 10-membered cyclohydrocarbyl or
heterocyclohydrocarbyl, wherein said Cj.jo alkyl or heteroalkyl, 3- to 10-membered
cyclohydrocarbyl or heterocyclohydrocarbyl, and Cj.j0 alkyl or heteroalkyl substituted with
3- to 10-membered cyclohydrocarbyl or heterocyclohydrocarbyl are optionally substituted
with Roi:

Ror 1s selected from the group consisting of F, Cl, Br, I, CN, OH, SH, NHo,
CHO, COOH, and Roy;

Ro2> 1s selected from the group consisting of Ci0 alkyl, Cj-10 alkylamino,
N,N-di(Cy.10 alkyhamino, Cj.10 alkoxy, Ci.i0 alkanoyl, Cj.j0 alkoxycarbonyl, Ci.io
alkylsulfonyl, Cj.;0 alkylsulfinyl, Cs.10 cycloalkyl, Cs.10 cycloalkylamino, Cs.io
heterocycloalkylamino, Cs.10 cycloalkoxy, Cs.10 cycloalkylacyl, Cs.10 cycloalkoxycarbonyl,
Cs.10 cycloalkylsultonyl, Cs.j0 cycloalkylsulfinyl, 5- to 6- membered unsaturated
heterocyclyl, and 6- to 12-membered aryl or heteroaryl;

the heteroatom or heteroatom group 1s each independently selected from the
group consisting of -C(=O)N(Ra3)-, -N(Rugs)-, -C(=NRuys5)-, -S(=0)2N(Rgs)-, -S(=O)N(R47)-,
-0-, -5, =0, =§, -CFO0)0O-, -C(=0)-, -C(=S)-, -S=0)-, -S=0)- and
-N(Ras)C(=O)N(Ry9)-;

Ra3-q9 are each independently selected from the group consisting of H, OH,
NH>, and Ro2;

Ro2 1s optionally substituted with Roo1;

Roo1 1s selected from the group consisting of F, Cl, Br, I, CN, OH, N(CH3),,
NH(CH3), NH2, CHO, COOH, trifluoromethyl, aminomethyl, hydroxymethyl, methyl,
methoxy, formyl, methoxycarbonyl, methylsulfonyl, and methylsulfinyl;

in any of the foregoing cases, the number of Ro; or Roo1 is each independently
0, 1, 2 or 3, and the number of the heteroatom or heteroatom group is each independently
1,2 or 3.

In one embodiment of the present invention, the above-mentioned E is
selected from the group consisting of Ci.¢ alkyl and Cs.s cycloalkyl wherein said Cj.¢ alkyl

and Cs¢cycloalkyl are substituted with R3, and the number of R3is 0, 1, 2 or 3, or E is
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wherein,

none or one or two or three of G;~s are N, and the others are C(R3);

Ge 1s selected from the group consisting of -C(R3)(Rs)-, -C(=O)N(R3a)-,
-N(R3a)-, -C(=NRi3,)-, -S(=0)2N(R3a)-, -S(=O)N(R3a)-, -O-, -S-, -C(=0)O-, -C(=0)-,
-C(=5)-, -S(=0)-, -S(=0)2- and -N(R33)C(=O)N(R3za)-;

none or one or two of G7-9 are N, and the others are C(R3);

none or one or two or three or four of Gio~1s are N, and the others are C(R3);
(317 18 selected from the group consisting of N and C(R3);

none or one or two or three ot GGyg~2; are selected from the group consisting of
-C(=0)N(R3a)-, -N(R33a)-, -C(=NR33)-, -S(=0)2N(R33)-, -S(=O)N(R3,)-, -O-, -S-, -C(=0)O-,
-C(=0O)-, -C(=5)-, -S(=0)-, -S(=0)2- and -N(R3)C(=O)N(R33)-, and the others are
-C(R3)(R3)-;

R34 1s selected from the group consisting of Ci.jo alkyl, Ci.10alkylacyl, Cj.10
alkoxycarbonyl, Ci.10 alkylsultonyl, Ci.j0 alkylsulfinyl, Cs.0 cycloalkyl, Cs.1g
cycloalkylacyl, Cs.i0 cycloalkoxycarbonyl, Cs0  cycloalkylsulfonyl, C3-10
cycloalkylsulfinyl, 5- to 6-membered unsaturated heterocyclyl, and 6- to 10-membered aryl

or heteroaryl.

In one embodiment of the present invention, the above-mentioned E is

| NANANAN \f\lf\;
Nele
selected from the group consisting of methyl, ethyl, propyl, : \/, \/,
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, O and Nv , all of which are optionally substituted with 1.

In one embodiment of the present invention, the above-mentioned E is

b O S
AODOC
>  selected from the group consisting of ST T XY /

> > > 2 2
p
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: \O/, and C;3 alkyl, all of which are optionally substituted with 1, 2. or 3

halogens, OH, OCsalkyl, CN, NH>, NH(Cisalkyl), N(Cisalkyl),, Cisalkyl,
trifftuoromethyl,  trifluoroethyl, C(=O)NH,, CisalkylC(=0), C;;salkylC(=O)NH,

10 Ci3alkylS(=0), CialkylS(=0)NH, Ci3alkylS(=0). or C;3alkylS(=0);NH.
In one embodiment of the present invention, the above-mentioned E is

VAVAVAV Y

| NN J{/\J F
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selected from the group consisting of : ~ : N : F
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In one embodiment of the present invention, one of the above-mentioned L
and Q 1s selected from the group consisting of -S(=0);NH-, -S(=0),-, -NH-, and
-NHC(=O)NH-, and the other one is selected from the group consisting of a single bond
and -CH»-.

In one embodiment of the present invention, none or one of the
above-mentioned X, Y and Z is N, and the others are selected from the group consisting of
CH, C(CH3), C(CF5), CCl, and CF.

In one embodiment of the present invention, the above-mentioned A and T are

each mdependently selected from the group consisting of N, CH, C(CHs), C(CF3), CCl,

and CF; alternatively, B is selected from the group consisting of NH, N(CH3) and N(CF3).
In one embodiment of the present invention, the above-mentioned ring formed

between any two Ri, R41 and Rgz in the same D2, two D2, Raand one Do, or R4 and Ds, is

selected from the group consisting of

) | ) ®
L D0 D LD A0 D

N
=0
NH O
\ O and ﬂ/\

O
all of which are optionally substituted with 1, 2, or 3 halogens, OH, OCizalkyl, CN, NHo,
NH(Cisalkyl), N(Cisalkyl)2, Cisalkyl,  trifluoromethyl, trifluoroethyl, C(=O)NHoa,
Ci3alkylC(=0), CisalkylC(=O)NH, C;salkylS(=0), CisalkylS(=0)NH, C;salkylS(=0)>
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or Ci3alkylS(=0),NH.
In one embodiment of the present invention, the above-mentioned ring formed
between any two Rj, Rgrand Rg in the same Dy, two D2, Rsand one Da, or Ry and Ds, is

selected from the group consisting of

0 s N ) 0
U "0 "D o A0
| S P
2 NI NN
%Q WLy fé g NQ
5\ % T
: :;> \E\N '%CN ’L’HQ/N § NH,

< .
Q ;NI s NW\O fNJ\ JSSN/\[/

O L0

In one embodiment of the present invention, one of the above-mentioned R

_Ds D
‘ /;’%_' \DZ 1 \R4
IS | , and the others are selected from the group consisting of H,
F, CL, Br, I, CN, OH, SH, NHz, CHO, COOH, ORa, N(Rp)(Rc), Ci-3alkyl and cyclopropyl,
10 wherein said Ci.3 alkyl and cyclopropyl are optionally substituted with Ry:
D1 1s selected from the group consisting of a single bond, -C(Re¢)(Re)-,
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-C(=O)N(Ra)-, -N(Ra)-, -C(=NRu)-, -S(=0)2N(Ra)-, -S(FO)N(Ra)-, -O-, -S-, -C(=0)O-,
-C(=0)-, -C(=5)-, -S(=0)-, -S(=0)2- and -N(R2)C(=O)N(Ra)-;

D> 1s -C(Ra)(Ra)-;

nisl, 2, 3.4, 5o0r6;

D Ra, Ry and R¢are each independently selected from the group consisting of H.
Ci alkyl and Cs.s cycloalkyl, wherein said Cis alkyl and Cs cycloalkyl are optionally
substituted with Ry:

Re is selected from the group consisting of H, Ci.s alkyl or alkoxy, and Css
cycloalkyl or cycloalkoxy, wherein said Ci alkyl or alkoxy and said Cs cycloalkyl or
10 cycloalkoxy are optionally substituted with Ry;
R4 1s selected from the group consisting of F, Cl, Br, I, CN. OH, CHO.
COOH, CH3, CF3, CH30, and CH3CH-O, and the number of Rgi1s 0, 1, 2 or 3;
Optionally, any two Ri, Ryand Rain the same Da, two Da, or Ryand one D are
attached together to the same carbon atom or oxygen atom to form one or two 3-, 4-, 5- or

15 6-membered carbocyclic ring or oxacyclic ring, wherein the number of oxygen atoms is 1

or 2.

In one embodiment of the present invention, the above-mentioned ring formed
between any two Ry, Rzand R, in the same Do, two D», or Ryand one Do, is selected from
the group consisting of cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, oxetanyl, and

20 1,3-dioxolanyl.

In one embodiment of the present invention, one of the above-mentioned R 3

%O\/\N/\l %N\/\N/\‘
O O

o)

Is selected from the group consisting of

9 SN 5 AN
O (0 \O L0
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.0
O O
2 NH O
O , and ~ . and the others

are selected from the group consisting of H, F, Cl, Br, I, CN, OH, NHa, methyl, ethyl,
propyl, methoxy, ethoxy, propoxymethylamino, dimethylamino, halomethyl, haloethyl,

halopropyl, aminomethyl, aminoethyl, aminopropyl and cyclopropyl.

[n one embodiment of the present invention, the above-mentioned compound
or a pharmaceutically acceptable salt thereof is selected from the group consisting of

Compounds 1 to 25 and Compounds 27 to 99.

Relevant Definitions:

Unless otherwise indicated, the following terms and phrases as used herein are
intended to have the following meanings. A particular term or phrase without a particular
definition should not be regarded as being indefinite or unclear, but should be understood
In its ordinary sense. When a tradename is used herein, it is intended to refer to the
corresponding commodity or its active ingredient.

Ci-10 1s selected from the group consisting of Cy, C,, Cs, C4, Cs, Cs, C7, Cs. Co
and Cjo; Cs.10 15 selected from the group consisting of Cs, C4, Cs, Ce, C7, Cs, Co and Cjo.

Ci-10 alkyl or heteroalkyl, Cs.;0 cyclohydrocarbyl or heterocyclohydrocarbyl,
and Ci.jo alkyl or heteroalkyl wherein said Cj.jo alkyl or heteroalkyl is substituted with
Cs.10 cyclohydrocarbyl or heterocyclohydrocarbyl, include, but not limited to:

Ci-10 alkyl, Cy.0 alkylamino, N,N-di(Ci.io alkyl)amino, Ci.10 alkoxy, Ci.1o
alkanoyl, Ci.1o alkoxycarbonyl. Ci.10 alkylsulfonyl, Ci.i1o alkylsulfinyl, Cs.1o cycloalkyl,
Csa0  cycloalkylamino,  Csgo  heterocycloalkylamino, Csio  cycloalkoxy, Cs.o
cycloalkylacyl, Cs.ij0 cycloalkyloxycarbonyl, Cs.;0 cycloalkylsulfonyl, and Cs.io
cycloalkylsulfinyl;

methyl, ethyl, n-propyl, isopropyl, -CH2C(CH3)(CH3s)(OH), cyclopropyl,
cyclobutyl, propylmethylene, cyclopropionyl, benzyloxy, trifluoromethyl, aminomethyl,
hydroxymethyl, methoxy, formyl, methoxycarbonyl, methylsulfonyl, methylsulfinyl,
ethoxy, acetyl, ethylsulfonyl, ethoxycarbonyl, dimethylamino, diethylamino,

dimethylaminocarbonyl, and diethylaminocarbonyl;

N(CH3)ao, NH(CHs), -CH2CFs3, -CH2CHCF5, -CH2CH,F,

12
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NH,

3__ CN

2

;%)b ,é/\ F i _
CH2CH2S(=0)2CHs, -CH2CH2CN, : :
CN

> 2

CH>CH>CFs;, -CH>CH:NH»,, -CH.CH,OH, -CH2CH20CHs3, -CH>,CH>CH2OCHs3,

N O
;ﬁL_E>
0 »—0
S? o N
_CH,CH>N(CH3)2, -S(=0)2CHs, -CH>CH2S(=0)2CHs, /0 |
o

R
_§<>O -CH,CH(OH)(CH3)z, -CH2CH(F)(CHs)2, -CH2CHaF, -CH2CEs,

2

NN
b X X 7 NG R
\ NN e <] <] e C
5 _ . NC  HN - HO O , d , jo, F,

s | - s—. I . I N-NH
\ C;\_<] N ~ EJECN A~ HO
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Y A A ;ﬁCN y 3 N\K/\/N#
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e s » Q’H X o X NJ yff NJ/
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phenyl. thiazolyl, biphenyl, naphthyl, cyclopentyl, furyl, 3-pyrrolinyl,

pyrrolidinyl, 1,3-dioxolanyl, pyrazolyl, 2-pyrazolinyl, pyrazolidinyl, imidazolyl, oxazolyl,

10 thiazolyl, 1,2,3-azolyl, 1,2,3-triazolyl, 1.2.4-triazolyl, 1,3,4-thiadiazolyl, 4H-pyranyl,
pyridyl, piperidyl, 1,4-dioxanyl, morpholinyl, pyridazinyl, pyrimidinyl, pyrazinyl,

piperazinyl, 1,3,5-trithianyl, 1,3,5-triazinyl, benzofuranyl, benzothiophenyl, indolyl,
15
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benzimidazolyl, benzothiazolyl, purinyl, quinolyl, 1soquinolyl, cinnoliny! and quinoxalinyl;

methyl, ethyl, propyl. methoxy, ethoxy, methylamino, dimethylamino,
halomethyl, haloethyl, halopropyl, aminomethyl, aminoethyl, aminopropyl, cyclopropyl;
and

:??{O\/\N/\ EN\/\N/\ (\j

O O E’O\//\/N

jg\/\N '1(7 /“t{\ li O~ }1;,0\/\
@ SRR U TR

®
N O\\S/ O 'S'/
“‘?io/\/ NHAC\/\/O}; j;?;o\/\/ % zg \/\ﬁ/ 20
O
0O P N~
% \/\N)LCH;», N
H . and |

The term ‘“‘pharmaceutically acceptable” as used herein means those
compounds, materials, compositions and/or dosage forms, within the scope of reliable
medical judgment, are suitable for use in contact with the tissues of humans and animals
without excessive toxicity, irritation, allergic reactions or other problems or complications,
while being commensurate with a reasonable benefit/risk ratio.

The term “pharmaceutically acceptable salt” reters to the salt of the compound
of the present invention, which 1s prepared by the compound with specific substituents
discovered by the present invention and a relatively non-toxic acid or base. When the

compound of the present invention contains a relatively acidic functional group, a base
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addition salt can be obtained by contacting the compound in a neutral form with a

sufficient amount of a base in a pure solution or suitable inert solvent. The
pharmaceutically acceptable base addition salt includes the salts of sodium, potassium,
calcium, ammonium, organic ammonia or magnesium or the like. When the compound of
the present invention contains a relatively alkaline functional group, an acid addition salt
can be obtained by contacting the compound in a neutral form with a sufficient amount of
an acid in a pure solution or suitable inert solvent. Examples of the pharmaceutically
acceptable acid addition salt include an inorganic acid salt, wherein the inorganic acid
includes such as hydrochloric acid, hydrobromic acid, nitric acid, carbonic acid,
bicarbonate, phosphoric acid, hydrogen phosphate, dihydrogen phosphate, sulfuric acid,
hydrogen sulfate, hydriodic acid, phosphorous acid, etc.; and an organic acid salt, wherein
the organic acid includes such as acetic acid, propionic acid, isobutyric acid, maleic acid,
malonic acid, benzoic acid, succinic acid, suberic acid, fumaric acid, lactic acid, mandelic
acid, phthalic acid, phenylsulfonic acid, p-toluene sulfonic acid, citric acid, tartaric acid,
methylsulfonic acid and the like; and also includes a salt of an amino acid (e.g. arginine),
and a salt of an organic acid such as glucuronic acid and the like (see Berge et al.,
“Pharmaceutical Salts”, Journal of Pharmaceutical Science 66: 1-19 (1977)). Some specific
compounds of the present invention contain alkaline and acidic functional groups so as to
be able to be converted to any base addition salts or acid addition salts.

Preferably, the neutral form of a compound is regenerated by contacting a salt
with a base or an acid in a conventional manner and then separating the parent compound.
The difference between a parent form of a compound and the various salt forms thercotf
lies in some physical properties (such as the solubilities in a polar solvent are different).

The “pharmaceutically acceptable salt”™ as used herein belongs to the
derivatives of the compound of the present invention, wherein the parent compound 1is
modified by being salified with an acid or base. Examples of the pharmacecutically
acceptable salt include but not limited to: an inorganic or organic acid salt of a base (such
as amine), an alkali metal or organic salt of an acid (such as carboxylic acid), and so on.
The pharmaceutically acceptable salt includes common non-toxic salts or quaternary
ammonium salts of the parent compound, such as a salt formed by a non-toxic morganic or
organic acid. The common non-toxic salts include but not limited to those salts derived
from inorganic acids and organic acids, wherein the inorganic acids or organic acids are
selected from 2-acetoxybenzoic acid, 2-tsethionic acid, acetic acid, ascorbic acid,

benzenesulfonic acid, benzoic acid, bicarbonate, carbonic acid, citric acid, edetic acid,
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ethanedisulfonic acid, ethanesulfonic acid, fumaric acid, glucoheptose, gluconic acid,
olutamic acid, glycolic acid, hydrobromic acid, hydrochloric acid, hydriodate, hydroxyl.
hydroxylnaphthalene, isethionic acid, lactic acid, lactose, dodecanesulfonic acid, maleic
acid, malic acid, mandelic acid, methanesulfonic acid, nitric acid, oxalic acid, pamoic acid,
pantothenic acid, phenylacetic acid, phosphoric acid, polygalacturonan, propionic acid,
salicylic acid, stearic acid, subacetic acid, succinic acid, aminosulfonic acid, sulfanilic
acid, sulphuric acid, tannic acid, tartaric acid and p-toluene sulfonic acid.

The pharmaceutically acceptable salt of the present invention can be
synthesized with a parent compound containing an acidic or alkaline group by a
conventional chemical method. Generally, the preparation method of the salt comprises:
reacting these compounds in the forms of free acids or bases with a stoichiometric amodnt
of proper bases or acids in water or an organic solvent or the mixture of water and an
organic solvent. In general, a non-aqueous media such as ether, ethyl acetate, ethanol,
isopropanol or acetonitrile is preferable.

Except for a salt form, there is a prodrug form for the compound of the present
invention. The prodrug of the compound described in the present invention is easily
converted to the compound of the present invention via chemical changes under
physiological conditions. Besides, the prodrug can be converted to the compound of the
present invention via a chemical or biochemical method in vivo environment.

Some compounds of the present invention may exist in non-solvate or solvate
forms, including hydrate forms. In general, the solvate form is similar to the non-solvate
form, both of which are included within the scope of the present invention. Some
compounds of the present invention may exist in polycrystalline or amorphous forms.

Some compounds of the present invention may contain asymmetric carbon
atoms (optical center) or double bonds. Racemic isomers, diastereomers, geometric
isomers and single isomers are included within the scope of the present invention.

The diagrammatic representation of the racemic, ambiscalemic and scalemic
or enantiomerically pure compound of the present invention is from Maehr, J. Chem. Ed.
1985, 62: 114-120. Unless otherwise indicated, the absolute configuration of a stereocenter
is represented by wedge and dashed bonds. When the compound of the present invention
contains a vinyl double bond or other geometric asymmetric centers, unless otherwise

specified, E and Z geometric isomers are included. Similarly, all tautomeric forms are

included within the scope of the present invention.

The compound of the present invention may exist as specific geometric or
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stereoisomeric isomers. The present invention envisages all of these compounds, including
cis- and frans-isomers, (-)- and (+)-enantiomers, (KR)- and (S)-enantiomers, diastercomers,
(D)-isomers, (L)-isomers, as well as racemic mixtures and other mixtures, such as
enantiomer- or diastereoisomer-enriched mixtures, all of these mixtures are included
within the scope of the present invention. Other asymmetric carbon atoms may exist in
substituents such as alkyl. All of these isomers and their mixtures are included within the
scope of the present invention.

Optically active (R)- and (S)-isomers and (D)- and (L)-isomers can be
prepared by asymmetric synthesis or chiral reagents or other conventional techniques. 1f an
enantiomer of a compound of the present invention is wanted, it can be prepared by
asymmetric synthesis or the derivatization action with chiral auxiliaries, in which the
resulting diastereomer mixtures are isolated, and the auxiliary groups are cleaved to
provide the desired pure enantiomer. Alternatively, when a molecule contains an alkaline
functional group (such as amino) or an acidic functional group (such as carboxyl). the
molecule 1s reacted with an appropriate optical active acid or base to form a diastereomer
salt, the diastereomer is resoluted by fractional crystallization or chromatography method
which are known in the art, and then pure enantiomers can be recycled. In addition, the
separation of enantiomers and diastereomers is usually realized by chromatographic
method, and the chromatography method employs a chiral stationary phase, and optionally
is combined with the chemical derivatization method (e.g. a carbamate is generated from
an amine).

The compound of the present invention may comprise unnatural proportion ot
atomic isotopes at one or more atoms that constitute the compound. For example, the
compound can be labeled by a radioactive isotope, such as tritium (CH), iodine-125('°I) or
C-14(**C). All the variants composed by isotopes of the compound disclosed in the present
invention, whether radioactive or not, are included within the scope of the present
invention.

The term “a pharmaceutically acceptable carrier” refers to any formulation or

carrier medium which 1s capable of delivering an effective amount of the active substance
disclosed in the present invention, does not interfere with the biological activity of the
active substance, and has no toxic side-effects on a host or patient. Representative carriers
include water, oil, vegetables and minerals, cream base, lotion matrix, ointment matrix, etc.
These matrixes include suspensions, viscosity increasers, transdermal enhancers, etc. Their

formulations are well known to the artisan in the cosmetic or topical drug tield. Other
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information about the carrier can refer to Remington: The Science and Practice of

Pharmacy, 21st Ed., Lippincott, Williams & Wilkins (2005), the content of which is

incorporated herein by reference.

The term ‘“‘excipient” usually refers to a carrier, diluent and/or medium
required for the preparation of an effective pharmaceutical composition.

For a drug or pharmacological active agent, the term “effective amount™ or
“therapeutically effective amount™ refers to a sufficient amount of a drug or formulation
that can achieve desired effects but is non-toxic. For the oral dosage form of the present
invention, “an effective amount™ of an active substance in a composition refers to an
amount required to achieve desired effects when the active substance is combined with
another active substance in the composition. The determination of an effective amount
varies from person to person, depending on the age and the general condition of a subject,
and also depending on the specific active substance. An appropriate effective amount n
individual cases can be determined by the person skilled in the art according to
conventional tests.

The term “active ingredient”, “therapeutic agent”, “active substance or
“active agent” refers to a chemical entity, which can effectively treat a target disorder,
disease or condition.

The term “‘substituted™ refers to one or more hydrogen atoms in a specific
atom are substituted by a substituent, including deuterium and variants of hydrogen, as
long as the valence state of the specific atom is normal and the compound obtained after
substitution is stable. When the substituent is a ketone group (i.e. =0O), it means that two
hydrogen atoms are substituted. The substitution of a ketone group does not occur in an

aryl. The term “optionally substituted” means that it may be substituted or not be

substituted, and unless otherwise specified, the type and number of substituents can be
arbitrary under the premise that it can be achieved in chemustry.

When one of the variables is a single bond, it means that the two groups to
which the varfiable is connected are directly connected to each other. For example, when L
in A-L-Z represents a single bond, A-L-Z actually means that the structure 1s A-Z.

When any variable (e.g. R) occurs more than one time in the composition or
structure of a compound, the definition in each occurrence is independent. Theretore, for
example, if a group is substituted by 0-2 of R, the group may optionally be substituted by
at most two R, and R in each case has an independent option. In addition, the combination

of substituents and/or their variants is allowed only if such a combination will lead to a
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stable compound. For example, the structure unit QQ QQ represents

that the substitution may occur at any position in the cyclohexyl or cyclohexadienyl.

When the bonds of a substituent may be crossly connected to two atoms of a
ring, the substituent may be bonded to any atoms in the ring. When the listed substituent
does not specify through which atom it is connected to the chemical structure tformula
including the compound that is not specifically mentioned, the substituent can be bonded
through any of its atoms. The combination of substituents and/or their variants 1s allowed
only if such a combination will lead to a stable compound.

The substituent for an alkyl and heteroalkyl group (including those groups
commonly referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, cycloalkenyl and heterocycloalkenyl) 1s generally called as
“alkyl substituent”, which may be selected from but not limited to one or more of the
following groups: -R’, -OR”, =0, =NR’, =N-OR’, -NR'R", -SR’, halogen, -SIR"R"R"",
OC(O)R’, -C(O)R’, -COzR’, -CONR’R”, -OC(O)NR’R”, -NR"C(O)R", NR'C(O)NR"R™,
NR"C(O):R’, -NR’””’-C(NR’R"R”)=NR’™, NR™C(NR'R”)=NR’”, -S(O)R’, -S(O)2R’,
-S(O)2NR’R”, NR”SO2R’, -CN, —NO», -N3, -CH(Ph), and fluoro(C;-Cs)alkyl, and the
number of the substituent 1s 0 to (2m’+1), wherein m’ is the total number of the carbon
atoms in the group. R’, R”, R™, R and R’ are each independently preterably H.
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl (e.g. aryl
substituted by 1~3 of halogen), and substituted or unsubstituted alkyl, alkoxy, thioalkoxy
or aralkyl. When the compound of the present invention includes more than one R group,
for example, each of the R groups is independently selected, as each of R”, R”, R, R™”
and R groups when more than one of those groups is included. When R’ and R” are
attached to the same nitrogen atom, they together with the nitrogen atom may tform a 5-, 6-,
or 7-membered ring. For example, -NR’R™ 1s intended to include but not limited to
I-pyrrolidinyl and 4-morpholinyl. According to the above discussion on substituents, a
person skilled in the art can understand, the term “alkyl™ is intended to include a group
formed by bonding a carbon atom to a non-hydrogen group, such as a haloalkyl (e.g. -CI3,
-CH>CF3) and an acyl (e.g. -C(O)CHs;, -C(O)CF3, -C(O)CH2OCH3, etc.).

Similar to the substituent for an alkyl group, the substituent for aryl and
heteroaryl groups is generally collectively called as “aryl substituent”, which may be
selected from such as -R’, -OR’, -NR'R™, -SR’, -halogen, -SiIR’'R”R™’, OC(O)R”’, -C(O)R’,

-COzR’, -CONR'R™, -OC(O)NR’R”, -NR7C(O)R’, NR'C(O)NR"R™, -NR7C(O):R",
21



10

15

20

25

30

CA 02951971 2016-12-12

-NR™-C(NR’R”R’7)=NR”", NR™C(NR’R7)=NR’”, -S(O)R’, -S5(O)2R’, -S(O)>NR’R",
NR”SO2R’, -CN, —NOa,, -N3, -CH(Ph)2, fluoro(C;-Cs) alkoxy and fluoro(Ci-Cs)alkyl, the
number of the substituent ranges from zero to the total number of the open valences on the
aromatic ring system; wherein R’, R”, R™, R”” and R are independently and preferably
selected from H. substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl and substituted or unsubstituted heteroaryl.
When the compound of the present invention includes more than one R group, for
example, each of the R groups is independently selected, as each of R°, R”, R™’, R”” and
R’ groups when more than one of those groups is included.

Two substituents attached to adjacent atoms 1n an aryl or heteroaryl ring may
optionally be substituted by a substituent with the general tormula —T-C(O)-(CRR")g-U-,
wherein the T and U are independently selected from the group consisting of -NR-, -O-,
CRR’- and a single bond, and q 1s an integer from 0 to 3. As an alternative, two
substituents attached to adjacent atoms in an aryl or heteroaryl ring may optionally be
substituted by a substituent with the general formula -A(CH)rB-, wherein the A and B are
independently selected from the group consisting of -CRR’-, -O-, -NR-, -S-, -S(O)-,
S(O)2-, -S(O)2NR’- and a single bond, and r 1s an integer trom 1 to 4. Optionally, a single
bond in the new ring thereby formed may be replaced by a double bond. As an alternative,
two substituents attached to adjacent atoms in an aryl or heteroaryl ring may optionally be
substituted by a substituent with the general formula -A(CH2)rB-, wherein the s and d are
cach independently selected from an integer from 0 to 3, and X 1s -O-, -NR’, -S-, -§(0O)-,
-S(O)2- or -S(O)2NR’-. The substituents R, R°, R and R’ are each independently
preferably selected from the group consisting of hydrogen and substituted or unsubstituted
(Ci-Cs) alkyl.

Unless otherwise specitied, the term “halo™ or “*halogen”™ itself or as a part of
another substituent refers to fluorine, chlorine, bromine or 1odine atom. In addition, the
term “haloalkyl™ 1s intended to include monohaloalkyl and polyhaloalkyl. For example, the
tecrm  “halo(C-Cs) ‘ alkyl” 1s intended to include but not limited to trifluoromethyl,
2,2,2-trifluoroethyl, 4-chlorobutyl and 3-bromopropyl, etc..

Examples of haloalkyl include but not hmited to trifluoromethyl.
trichloromethyl, pentafluoroethyl, and pentachloroethyl. The “alkoxy™ represents that the
above-mentioned alkyl group with a specific number of carbon atoms is connected to an
oxygen bridge. Ci.¢ alkoxy includes Cy, Cy, C3, Cs4, Cs and Cg alkoxy. Examples of alkoxy

include but not limited to methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, sec-butoxy,
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tert-butoxy, n-pentyloxy and S-pentyloxy. The “cycloalky]l™ includes saturated cycloalkyls,
such as cyclopropyl, cyclobutyl and cyclopentyl. The 3- to 7-membered cycloalkyl
includes Cz, C4. Cs, Cs and C7 cycloalkyl. The “alkenyl” includes linear or branched

hydrocarbon chains, wherein there are one or more C-C double bonds on any stable sites

on the chain, such as vinyl and propeny!l.

The term “*halo” or “halogen™ refers to fluorine, chlorine, bromine and 1odine.

Unless otherwise specified, the term “hetero™ represents a heteroatom or a
heteroatom group (i.e. a group containing a heteroatom), including atoms except for carbon
(C) and hydrogen (H) and groups containing these heteroatoms, for example, including
oxygen (O), nitrogen (N), sulfur (S), silicon (Si), germanium (Ge), aluminum (Al), boron
(B), -O-, -S-, =0, =S, -C(=0)0-, -C(=0)-, -C(=S)-, -S(=0), -S(=0)2-, and optionally
substituted -C(=O)N(H)-, -N(H)-, -C(=NH)-, -S(=0)2N(H)- or -S(=O)N(H)-.

Unless otherwise specified, the “ring” represents substituted or unsubstituted
cycloalkyl,  heterocycloalkyl,  cycloalkenyl,  heterocycloalkenyl,  cycloalkynyl.
heterocycloalkynyl, aryl or heteroaryl. The ring includes a single ring, a linked ring, a spiro
ring, a fused ring or a bridged ring. The number of the atoms in the ring is usually detined
as the member of the ring, for example, “5- to 7-membered ring™ is a ring looped with 5 to
7 atoms. Unless otherwise specified, the ring optionally contains 1-3 of heteroatoms.
Therefore, “5- to 7-membered ring” includes, for example, phenyl, pyridinyl and
piperidinyl; on the other hand, the term *5- to 7-membered heterocycloalkyl™ includes
pyridyl and piperidinyl, but does not include phenyl. The term “ring” also includes a ring
system containing at least one ring, wherein each “ring” independently meets the above
definition.

Unless otherwise specified, the term “‘heterocycle” or “*heterocyclyl™ refers to

a stable monocyclic, bicyclic or tricyclic ring containing a heteroatom or a heteroatom

group, they may be saturated, partially unsaturated or unsaturated (aromatic), and they
contain carbon atoms and 1, 2, 3 or 4 heteroatoms in the ring which are independently
selected from the group consisting of N, O and S, wherein any of the above-mentioned
heterocycle may be fused to a benzene ring to form a bicyclic ring. Nitrogen and sulfur
heteroatoms may be optionally oxidized (i.e., NO and S(O)p). The nitrogen atom may be
substituted or unsubstituted (i.e. N or NR, wherein R 1s H or other substituents that have
been defined herein). The heterocycle may be attached to the side group of any
heteroatoms or carbon atoms to form a stable structure. If the formed compound is stable,

the heterocycle described herein may be substituted on its carbon or nitrogen atom. The
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nitrogen atom in the heterocycle is optionally quaternized. A preferred embodiment is,
when the total number of S and O atoms in the heterocycle is more than 1, these

heteroatoms are not adjacent to each other. Another preferred embodiment is the total
number of S and O atoms in the heterocycle is not more than 1. As used herein, the term
“aromatic heterocyclic group” or “heteroaryl” refers to a stable 5-, 6-, 7-membered
monocyclic or bicyclic or 7-, 8-, 9- or 10-membered bicyclic heteroaromatic ring, which
contains carbon atoms and 1, 2, 3 or 4 heteroatoms in the ring which are independently
selected from the group consisting of N, O and S. The nitrogen atom may be substituted or
unsubstituted (i.e. N or NR, wherein R is H or other substituents that have been defined
herein). Nitrogen and sulfur atoms may be optionally oxidized (i.e., NO and S(O)p). It is
worth noting that, the total number of S and O atoms in the heteroaromatic ring is not more
than 1. Bridged rings are also included in the definition of the heterocycle. When one or
more atoms (i.e. C, O, N, or S) are connected to two nonadjacent carbon atoms or nitrogen
atoms, a bridged ring is formed. The preferred bridged ring includes but not limited to one
carbon atom, two carbon atoms, one nitrogen atom, two nitrogen atoms and one
carbon-nitrogen group. It is worth noting that, a bridge always converts a monocyclic ring

into a tricyclic ring. In the bridged ring, the substituent in the ring may also locate on the

bridge.

Examples of heterocyclyl include but not limited to: acridinyl, azocinyl,
benzimidazolyl, benzofuranyl. benzomercaptofuranyl, benzomercaptophenyl,
benzoxazolyl,  benzoxazolinyl,  benzothiazolyl, = benzotriazolyl, = benzotetrazolyl,

benzoisoxazolyl, benzoisothiazolyl, benzoimidazolinyl, carbazolyl, 4aH-carbazolyl,
carbolinyl, chromanyl, chromene, cinnolinyl decahydroquinolyl, 2H,6H-1,5,2-dithiazinyl,
dihydrofuro[2,3-b]tetrahydrofuranyl, furanyl, furazanyl, imidazolidinyl, imidazolinyl,
imidazolyl, 1H-indazolyl, indoalkenyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isatino
group, isobenzofuranyl, isoindolyl, isoindolinyl, isoquinolyl, i1sothiazolyl, 1soxazolyl,
methylenedioxyphenyl, morpholinyl, naphthyridinyl, octahydroisoquinolyl, oxadiazolyl,
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazoldinyl,
oxazolyl, hydroxyindolyl, pyrimidyl, phenanthridinyl, phenanthrolinyl, phenazine,
phenothiazine, benzoxanthinyl, phenoxazinyl, phthalazinyl, piperazinyl, piperidyl.
piperidonyl, 4-piperidonyl, piperonyl, pteridyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole, pyridothiazole,
pyridyl, pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinolyl.

4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydrofuryl, tetrahydroisoquinolinyl,
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tetrahydroquinolinyl, tetrazolyl, 6H-1,2,5-thiadiazinyl, [.2,3-thiadiazolvl,
1,2,4-thhadiazolyl, 1,2,5-thiadiazolyl, 1,3.,4-thiadiazolyl, thianthrenyl, thiazyl,
isothiazolylthienyl, thienoxazolyl, thienothiazolyl, thienoimidazolyl, thienyl, triazinyl,
1,2.3-triazolyl, 1,2.,4-triazolyl, 1,2,5-triazolyl. 1,3.,4-triazolyl and xanthenyl. Fused-ring and
spiro-ring compounds are also included.

Unless otherwise specified, the term “hydrocarbyl™ or its specitic terms (such
as alkyl, alkenyl, alkynyl and phenyl) themself or as a part of another substituent represent
a linear, branched or cyclic hydrocarbon group or a combination thereof, which may be
completely saturated, or mono- or poly-unsaturated, may be monosubstituted, disubstituted
or multisubstituted, may include bivalent or multivalent atomic groups, and have a
specified number of carbon atoms (for example, C;-Cio represents 1 to 10 carbon atoms).
The term “hydrocarbyl” includes but not himited to aliphatic hydrocarbyl and aromatic
hydrocarbyl. The aliphatic hydrocarbyl includes linear and cyclic aliphatic hydrocarbyl,
and specifically includes but not Iimited to alkyl, alkenyl and alkynyl. The aromatic
hydrocarbyl includes but not limited to 6- to 12-membered aromatic hydrocarbyl, such as
phenyl, naphthyl and the like. In some embodiments, the term “‘alkyl™ represents a linear or
branched atomic group or a combination thereof, which may be completely saturated, or
mono- or poly-unsaturated, and may include divalent and polyvalent groups. Examples of
saturated hydrocarbon groups include but not limited to homologues or isomers of methyl,
ethyl, n-propyl, iso-propyl, n-butyl, rert-butyl, iso-butyl, sec-butyl, iso-butyl, cyclohexyl,
(cyclohexyl)methyl, cyclopropyl methyl, and n-amyl, n-hexyl, n-heptyl, n-octyl and the
like. Unsaturated alkyl has one or more double bonds or triple bonds, and its examples
include but not limited to vinyl, 2-propenyl, butenyl, crotyl, 2-1sopentenyl, 2-butadienyl,
2.4-pentadienyl, 3-(1,4-pentadienyl), acetenyl, 1- and 3-propinyl, 3-butynyl, and more
advanced homologues and 1somers.

Unless otherwise specified, the term “heterohydrocarbyl” or its specific terms
(such as heteroalkyl, heteroalkenyl, heteroalkynyl and heteroaryl) themself or combining
with another term represents a stable linear, branched or cyclic hydrocarbon group or a
combination thereof, which consists of a certain number of carbon atoms and at least one
heteroatom. In some embodiments, the term “heteroalkyl™ itself or combining with another
term represents to a stable linear, or branched hydrocarbon group or a combination thereof.,
which consists of a certain number of carbon atoms and at least one heteroatom. In a

typical embodiment, the heteroatom is selected from the group consisting of B, O, N and S,

in which the nitrogen and sulfur atoms are optionally oxidized, and the nitrogen atom is
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optionally quaternized. Heteroatoms B, O, N and S may be located in any internal
positions of the hecterohydrocarbyl (including the position where the hydrocarbyl 1s
attached to the rest part of the molecule). Examples include but not limited to
-CHy-CH»-O-CHs, -CH»-CH>-NH-CHjs, -CH2-CH2-N(CH3)-CHs,  -CH2-5-CH2-CHs,
-CH2-CH», -S(O)-CH3, -CH>-CH-S(0)2-CH3, -CH=CH-0O-CHj3, -CH>-CH=N-OCH3 and
-CH=CH-N(CH3)-CHs. At most two heteroatoms may be adjacent, such as
-CH2-NH-OCH:.

The terms “‘alkoxy”, “alkylamino™ and “alkylthio” (or thioalkoxy) are the
idiomatic expressions, which refer to the alkyl groups which are attached to the rest of a
molecule through an oxygen atom, an amino, or a sulfur atom, respectively.

Unless otherwise specified, the terms “cyclohydrocarbyl™,
“heterocyclohydrocarbyl™ or specific terms thereof (such as aryl, heteroaryl, cycloalkyl,
heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, cycloalkynyl and heterocycloalkynyl)
themself or combining with other terms respectively represent a cyclic “hydrocarbyl™ or
“heterohydrocarbyl™. In addition, in terms of heterohydrocarbyl or heterocyclohydrocarbyl
(such as heteroalkyl and heterocycloalkyl), heteroatoms may occupy the position where the
heterocyclic ring 1s attached to the rest part of the molecule. Examples of cycloalkyl
include but not limited to cyclopentyl, cyclohexyl, I-cyclohexenyl, 3-cyclohexenyl,
cycloheptyl, etc.. Non-limited examples of heterocyclyl include
1-(1,2,5,6-tetrahydropyridinyl), 1-piperidyl, 2-piperidyl, 3-piperidyl, 4-morpholinyl,
3-morpholinyl, tetrahydrofuran-2-yl, tetrahydrofuranylindol-3-yl, tetrahydrothiophen-2-yl,
tetrahydrothiophen-3-yl, 1-piperazinyl and 2-piperazinyl.

Unless otherwise specified, the term “‘aryl” represents a polyunsaturated
aromatic hydrocarbon substituent, which may be monosubstituted, disubstituted or
multisubstituted. It may be monocyclic or polycyclic (preferably 1-3 rings). They are fused
together or connected covalently. The term “heteroaryl” refers to an aryl (or ring)
containing 1 to 4 heteroatoms. In an exemplary embodiment, the heteroatom 1s selected
from the group consisting of B, N, O, and S, in which the nitrogen and sulfur atoms are
optionally oxidized, and the nitrogen atom 1s optionally quaternized. The heteroaryl may
be connected to the rest part of the molecule via a heteroatom. Non-limited examples of
aryl or bheteroaryl include phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, I1-pyrrolyl,
2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl,
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