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COMPOUNDS CAPABLE OF BEING USED AS TUMOR INHIBITOR, PREPARATION
METHOD THEREFOF, AND APPLICATION THEREOF

Cross Reference to Related application
The present application claims the priority of the Chinese patent application for invention
No. CN201711484280.8 filed on December 29, 2017, which is incorporated herein by reference

in its entirety.

Technical Field
The present invention relates to the field of pharmaceutical preparations, in particular to a

compound useful as a tumor inhibitor, and a preparation method therefor and use thereof.

Background Art

P53 is a known tumor inhibition protein that plays an important role in growth inhibition
and apoptosis of tumor cells. As a transcription factor, P53 can control the response of cells to
DNA damage and prevent the proliferation of permanently damaged cells (controlled cell death)
by triggering growth arrest, apoptosis, and senescence to maintain the normal function of cells.

However, in approximately 50% of tumors, P53 is inactivated due to gene mutation or
deletion. In the remaining 50% of tumors, the function of P53 is regulated through a series of
complex mechanisms, in which MDMZ2 acts as a negative regulator of P53, and has an important
regulatory effect on the function of P53. In tumor cells, P53 is often inactivated due to
overexpression of MDM2. Studies have found that about 10% of tumors have MDM2
amplification or overexpression phenomenon. In some specific tumors, this proportion is higher,
for example, about 44% of liver cancers, 20% of osteosarcomas, and 31% of soft tissue sarcomas
have MDM2 amplification or overexpression phenomenon. Therefore, inhibiting the negative
regulatory effect of MDM2 in tumor cells on P53 can activate the P53 pathway, thereby
inhibiting the proliferation of tumor cells and playing an antitumor role. MDM2 inhibitors that

have been reported include RG7388, MI-773, HDM201 and the like.
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However, considering the actual clinical needs, there is still an urgent need to develop other

new compounds that can be used as tumor inhibitors.

5 Summary of the Invention
Therefore, the purpose of the present invention is to overcome the defects in the prior art, to
provide a compound that can be used as a tumor inhibitor, and a preparation method thereof and
use thereof.
In a first aspect, the present invention provides a compound of structural formula I; or a
10  stereoisomer, an enantiomer, a diastereomer, a racemate, a mesomer, a cis/trans isomer, a
tautomer, an isotopic variant of the compound of structural formula I, or any combination thereof;
or a pharmaceutical salt, a solvate, a hydrate, a polymorph or a prodrug of the compound of
structural formula |, the stereoisomer, the enantiomer, the diastereomer, the racemate, the
mesomer, the cis/trans isomer, the tautomer, the isotopic variant or their combination; or a

15  hydrate of the pharmaceutical salt,

0

wherein, Ry is selected from linear or branched alkyl or cycloalkyl having 1 to 5 carbon

atoms, or Re :
20 R is selected from H, -(C1-Ce alkyl), wherein the alkyl is optionally substituted by 0 to 3

substituents, wherein the 0 to 3 substituents are independently selected from alkoxy having 1 to 4

carbon atoms, hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(C:-Cs)alkyl, -C(O)NRgRu1p,
2
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-NRgR10, or methanesulfonyl;

Rs is selected from a 5- or 6-membered aromatic ring or aromatic heterocycle which is
unsubstituted or substituted by 1 to 3 substituents, and the 1 to 3 substituents are independently
selected from H, (Ci-Ce)alkyl, (Cs-Cs)cycloalkyl, -O-(Ci-Ce)alkyl, -O-(Cs-Cs)cycloalkyl,
-S-(C1-Ce)alkyl, halogen, haloalkyl, haloalkoxy, hydroxyalkoxy, -CN, -C(O)NRgRo,
-C(O)-morpholin-4-yl,  hydroxy-azetidin-1-yl-carbonyl, -CH2NRgR1, -CH2NRg-C(O)Ruy,
methyl-imidazolyl-, -CH2C(O)NRgR1, -CH2C(O)OH, -C(O)OH, -CH2C(O)O-(Ci-Ca)alkyl,
-N(Rg)-C(O)-(C1-Cs)alkyl,  -NRgRi,  -CH2NRgRio,  -C(O)O-(Ci-Cas)alkyl,  -CH2CN,
tetrahydropyrrol-1-yl, azetidin-1-yl, or azetidin-1-yl substituted by one or more -OH or by both
-CHs and -OH; wherein the alkyl or cycloalkyl is optionally substituted by 0 to 3 substituents
independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0)O-(C1-Cas)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl; preferably, Rs is
selected from a 5- or 6-membered aromatic ring or aromatic heterocycle which is unsubstituted
or substituted by 1 to 3 substituents, and the 1 to 3 substituents are independently selected from
H, (Ci-Ce)alkyl, -O-(Ci-Cg)alkyl, -S-(Ci-Ce)alkyl, halogen, haloalkyl, haloalkoxy, -CN,
-C(O)NRgR1y, -C(O)-morpholin-4-yl, hydroxy-azetidin-1-yl-carbonyl, -CH2NRgR10,
-CH2NR9-C(O)R10,  methyl-imidazolyl-, -CH2C(O)NRgR10, -CH2C(O)OH, -C(O)OH,
-CH2C(0)0-(C1-Ca)alkyl, -N(Ry)-C(O)-(C1-Cs)alkyl, -NRgR1, -CH2NRgR1o,
-C(0)0O-(C1-Cs)alkyl, -CH2CN, azetidin-1-yl, or azetidin-1-yl substituted by one or more -OH or
by both -CHsz and -OH; wherein the alkyl is optionally substituted by 0 to 3 substituents
independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0O)0O-(C1-Cy)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl;

or Rs is selected from:

R11 Ris R Ry
H“J\K\ r’g | AN r“Pr | SN Hj\ﬁN
|
N N. N. N. /g
\[]/ R12 R12 R12 N™ "0
) , 0] , 0] or Ri2

Rs is selected from a 5- or 6-membered aromatic ring or aromatic heterocycle which is
unsubstituted or substituted by 1 to 3 substituents, and the 1 to 3 substituents are independently
selected from H, (Ci1-Ce)alkyl, (Cs-Ce)cycloalkyl, -O-(Ci-Ce)alkyl, -O-(Cz-Cs)cycloalkyl,
-S-(C1-Ce)alkyl, halogen, haloalkyl, haloalkoxy, hydroxyalkoxy, -CN, -C(O)NRgRuo,
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-C(O)-morpholin-4-yl,  hydroxy-azetidin-1-yl-carbonyl, -CH2NRgR1, -CH2NRg-C(O)R1p,
methyl-imidazolyl-, -CH2C(O)NRgR10, -CH2C(O)OH, -C(O)OH, -CH:C(O)O-(Ci-Cs)alkyl,
-N(Ro)-C(0)-(C1-Ca)alkyl, -NReR10, -CH2NRgR10, -C(O)OCHs, -CH2CN, tetrahydropyrrol-1-yl,
azetidin-1-yl, or azetidin-1-yl substituted by one or more -OH or by both -CHz and -OH; wherein
the alkyl or cycloalkyl is optionally substituted by 0 to 3 substituents independently selected
from alkoxy having 1 to 4 carbon atoms, hydroxyl, sulfhydryl, halogen, -C(O)OH,
-C(0)0O-(C1-Cs)alkyl, -C(O)NR9R10, -NRgR10, or methanesulfonyl; preferably, Rs is selected
from a 5- or 6-membered aromatic ring or aromatic heterocycle which is unsubstituted or
substituted by 1 to 3 substituents, and the 1 to 3 substituents are independently selected from H,
(C1-Ce)alkyl, -O-(Ci-Ce)alkyl, -S-(Ci1-Ce)alkyl, halogen, haloalkyl, haloalkoxy, -CN,
-C(O)NRgR1p, -C(O)-morpholin-4-yl, hydroxy-azetidin-1-yl-carbonyl, -CH2NRgR10,
-CH2NRg-C(O)R10, -CH2CN, methyl-imidazolyl-, -CH2C(O)NRgR10, -CH2C(O)OH, -C(O)OH,
-CH2C(0)O-(C1-Cs)alkyl, -N(R9)-C(O)-(C1-Ca)alkyl, -NR9R1o, -CH2NR9Ri1o, -C(O)OCHjs,
-CH2CN, azetidin-1-yl, or azetidin-1-yl substituted by one or more -OH or by both -CHs and
-OH; wherein the alkyl is optionally substituted by 0 to 3 substituents independently selected
from alkoxy having 1 to 4 carbon atoms, hydroxyl, sulfhydryl, halogen, -C(O)OH,
-C(0)O-(C1-Cy)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl;

or Rs is selected from:

0 Ri4
| N R1sg i
\; /R14 ~ N 0 / N/ R
‘ N | \éf P 14
N
T (0]
Ri3 , Ris , R13 , Ris ,
AN ¥ Ay
~ Ri4
L Py
/ /\/N\ | ?
Ris Ri7 |
Ris , Rie , o or Riq X

Re is selected from halogen, halomethyl, methyl or cyano;

R7 is selected from H, (C1-Ce) alkyl, or halogen; wherein the alkyl is optionally substituted
by 0 to 3 substituents independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl,
sulfhydryl, halogen, -C(O)OH, -C(O)O-(C:-Cs)alkyl, -C(O)NRgR1p, -NReRio or

methanesulfonyl;
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wherein:

Rg is selected from -OH, -OCHs, -NH2, -NHMe, -NMez, -NHCOMe, -NHCOH or
methanesulfonyl;

Ro is selected from H or alkyl having 1 to 4 carbon atoms;

Ruo is selected from H or (C1-Cs) alkyl, wherein the alkyl is optionally substituted by 0 to 3
substituents independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl,
sulfhydryl, halogen, -C(O)OH, -C(O)O-(C1-Cas)alkyl or methanesulfonyl;

Ru1 is selected from -OCHs, -CH>CHj3, -OH, halomethoxy or H;

Ru12 is selected from H or (C1-Cs) alkyl, wherein the alkyl is optionally substituted by 0 to 3
substituents independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl,
sulfhydryl, halogen, -C(O)OH, -C(O)O-(Ci-Cs)alkyl, -C(O)NR9Ri, -NRoR1, or
methanesulfonyl;

Ru3 is selected from halogen or alkyl having 1 to 4 carbon atoms;

R4 is selected from H or (C1-Ce) alkyl, wherein the alkyl is optionally substituted by 0 to 3
substituents independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl,
sulfhydryl,  halogen, -C(O)OH, -C(O)O-(Ci:-Cs)alkyl, -C(O)NRgR1w, -NReRio or
methanesulfonyl;

Ris is selected from NH2, -C(O)OH, -NH(C(O)-CHs) or -C(O)-NH(CHs3);

Rue is selected from H, (C1-Ce) alkyl or halogen; wherein the alkyl is optionally substituted
by 0 to 3 substituents independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl,
sulfhydryl, halogen, -C(O)OH, -C(O)O-(Ci-Cg)alkyl, -C(O)NR9Ri, -NRoR1, or
methanesulfonyl;

Riz is selected from -C(O)-NRg(Rw), (Ci-Ce)alkyl, -C(O)(Ci-Ce)alkyl, and
-C(O)O(C1-Ce)alkyl; wherein the alkyl is optionally substituted by O to 3 substituents
independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0O)0O-(C1-Ca)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl; and/or

X1 is selected from oxygen or sulfur; Y, Xz, V and W are each independently selected from
carbon or nitrogen; when Y is carbon, R4 is selected from H, hydroxyl, -O-(C:-Cs)alkyl, -CN,
halogen, -(Ci-Cs)alkyl, -C(O)OH, -CH2C(O)OH, -CH2C(O)NRgR19, or -C(O)O-(Ci-Ce)alkyl,
wherein the alkyl is optionally substituted by 0 to 3 substituents independently selected from

alkoxy having 1 to 4 carbon atoms, hydroxyl, sulfhydryl, halogen, -C(O)OH,
5
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-C(0)0O-(C1-Cs)alkyl or methanesulfonyl.

Preferably, the linear or branched alkyl or cycloalkyl having 1 to 5 carbon atoms in Ry is
selected from methyl, ethyl, isopropyl, cyclopropyl, isobutyl, cyclobutyl or cyclopentyl;

the alkoxy in Rz is selected from methoxy or ethoxy;

the haloalkyl in Rz is halomethyl, preferably -CFs, -CHF2 or -CH2F; the haloalkoxy in Rs is
selected from -OCFs, -OCHF;, -OCH:F, -OCH:CF3, -OCH:CHF2 or -OCH.CH:F, and is
preferably selected from -OCFs, -OCHF2, or -OCH:F; and/or the alkoxy in Rsz is selected from
methoxy or ethoxy;

the haloalkyl in Rs is halomethyl, preferably -CF3, -CHF», or -CH:F; the haloalkoxy in Rs is
selected from -OCF;, -OCHF;, -OCHzF, -OCH2CF3, -OCH2CHF,, or -OCH2CHzF, and is
preferably selected from -OCFs, -OCHF2, or -OCH:F; and/or the alkoxy in Rs is selected from
methoxy or ethoxy;

the halogen in Re is selected from chlorine, fluorine or bromine; and/or the halomethyl in Re
is selected from trifluoromethyl, difluoromethyl or monofluoromethyl;

the alkoxy in Ry is selected from methoxy or ethoxy;

the alkyl in Rg is selected from methyl or ethyl;

the alkoxy in Ryo is selected from methoxy or ethoxy;

the halomethoxy in Ry is selected from -OCFs, -OCHF; or -OCH2F;

the alkoxy in Ri2 is selected from methoxy or ethoxy;

the alkyl in Ry3 is selected from methyl or ethyl;

the alkoxy in Rua is selected from methoxy or ethoxy;

the alkoxy in Rs is selected from methoxy or ethoxy;

the alkoxy in R17 is selected from methoxy or ethoxy; and

the alkoxy in Rg is selected from methoxy or ethoxy.

Furthermore, in the compound of the present invention, preferably,

R1 is selected from methyl, ethyl, isopropyl, cyclopropyl, isobutyl, cyclobutyl, cyclopentyl

oris:
<

4 g .

O TS
OH | | ,or (0]

R> is selected from H or methyl; preferably H;

6
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Rs is selected from a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to
3 substituents independently selected from H, -(C1-Cs)alkyl, (Cs-Cs)cycloalkyl, -O-(C1-Cs)alkyl,
-O-(Cs-Ce)cycloalkyl, halogen, -CFs, -CHF2, -CH2F, -OCFs, -OCHF2, -OCH:F, -OCH:CFs3,
-OCH2CHF2, -OCH2CH:F, hydroxyalkoxy, -CN, -C(O)NRgR10, -CH2NRgR10, -CH2NRg-C(O)Ruo,
-CH2C(O)NRgRuo, -CH.C(O)OH, -C(O)OH, -CH2C(O)O-(C1-Ca)alkyl,
-N(Rg)-C(O)-(C1-Cs)alkyl, -NRoR19, -CH2NRgRi, -C(O)O-(Ci-Cs)alkyl, -CH2CN, and
tetrahydropyrrol-1-yl, wherein the alkyl or cycloalkyl is optionally substituted by 0 to 3
substituents independently selected from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0)0O-(C1-Cs)alkyl, -C(O)NRgR10, -NR9R10, or methanesulfonyl; preferably, Rs is
selected from a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3
substituents independently selected from H, (C1-Ce)alkyl, -O-(C1-Cg)alkyl, halogen, -CFs, -CHF,
-CH2F, -OCFs3, -OCHF», -OCH2F, -CN, -C(O)NRgR10, -CH2NRgR10, -CH2NRg-C(O)R10, -CH2CN,
-CH2C(O)NRgRuo, -CH2C(O)OH, -C(O)OH, -CH2C(0)O-(C1-Ca)alkyl,
-N(Rg)-C(O)-(C1-Cas)alkyl, -NRgR10, -CH2NRgR10, -C(0)O-(C1-Cs)alkyl, and -CH2CN, wherein
the alkyl is optionally substituted by 0 to 3 substituents independently selected from methoxy,
ethoxy, hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(C1-Ca)alkyl, -C(O)NRgR10, -NRgR1p,
or methanesulfonyl; preferably, Rz is selected from a 6-membered aromatic ring or aromatic
heterocycle substituted by 1 to 3 substituents independently selected from H, methyl, ethyl,
isopropyl, tert-butyl, cyclopropyl, methoxy, ethoxy, isopropoxy, -O-cyclopropyl, hydroxyethoxy,
halogen, -CF3, -CHF», -CH:zF, -OCFs3, -OCHF,, -OCH2F, -OCH,CF3, -OCH2CHF2, -OCH2CH:F,
-CN, -C(O)NR9R10, -CH2NRgR10, -CH2NRg-C(O)R10, -CH2CN, -CH2C(O)NRgR10, -CH2C(O)OH,
-C(O)OH, -CH2C(0)O-(C1-Ca)alkyl, -N(Rg)-C(0)-(C1-Cs)alkyl, -NRg9R1, -CH2NRgRuo,
-C(0)0O-(C1-Cs)alkyl, and tetrahydropyrrol-1-yl;

Rs is selected from a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to
3 substituents independently preferably selected from H, -(Ci-Ce)alkyl, (C3-Cs)cycloalkyl,
-0O-(C1-Ce)alkyl, -S-(C1-Ce)alkyl, -O-(C3z-Ces)cycloalkyl, halogen, -CFs, -CHF2, -CHF, -OCFs,
-OCHF2, -OCHF, -OCH,CF3, -OCH2CHF2, -OCH>CH2F, hydroxyalkoxy, -CN, -C(O)NRgRy,
-CHoNRoR1o,  -CHaNRo-C(O)R1,  -CH2C(O)NRoRiw,  -CH2C(O)OH,  -C(O)OH,
-CH2C(0)0-(C1-Ca)alkyl, -N(Ro)-C(0)-(C1-Caq)alkyl, -NR9R1o, -CH2NRgRio, -C(O)OCHG,
-CH2CN, and tetrahydropyrrol-1-yl, wherein the alkyl or cycloalkyl is optionally substituted by 0

to 3 substituents independently selected from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen,
7
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-C(O)OH, -C(0)0O-(C1-Cs)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl; preferably, Rs is
selected from a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3
substituents independently preferably selected from H, (C:-Ce)alkyl, -O-(C1-Ce)alkyl, halogen,
-CFs3, -CHF;, -CHoF, -OCF3 -OCHF;, -OCH:F, -CN, -C(O)NRgR1g, -CH2NRgR1o,
-CH2NR9-C(O)Ruy, -CH2CN, -CH2C(O)NRgR1o, -CH2C(O)OH, -C(O)OH,
-CH2C(0)0O-(C1-Cyq)alkyl, -N(Rg)-C(0)-(C1-Cs)alkyl, -NRgR10, -CH2NR9R10, -C(O)OCHgs, and
-CH2CN, wherein the alkyl is optionally substituted by 0 to 3 substituents independently selected
from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(Ci-Cas)alkyl,
-C(O)NRgR10, -NRgR10, or methanesulfonyl; preferably, Rs is selected from a 6-membered
aromatic ring or aromatic heterocycle substituted by 1 to 3 substituents independently selected
from H, methyl, ethyl, isopropyl, tert-butyl, cyclopropyl, methoxy, ethoxy, isopropoxy,
-O-cyclopropyl, hydroxyethoxy, halogen, -CF3, -CHF,, -CH.F, -OCF3, -OCHF,, -OCH:F,
-OCH,CF3, -OCH>CHF2, -OCH2CH2F, -CN, -C(O)NRgR1o, -CH2NRgR10, -CH2NRg-C(O)R1o0,
-CH2CN,  -CH2C(O)NRgR1,  -CH2C(O)OH,  -C(O)OH,  -CH:C(O)O-(Ci-Cas)alkyl,
-N(Ry9)-C(0)-(C1-Cs)alkyl, -NRgR10, -CH2NR9R10, -C(O)OCHs3, and tetrahydropyrrol-1-yl;

Re is selected from chlorine or cyano; preferably chlorine;

R7 is hydrogen;

X1 is oxygen; Xz, V and W are all carbon; and/or

Y is nitrogen or carbon; when Y is carbon, R is selected from H, hydroxyl, -O-(C1-Cs)alkyl,
-C(O)OH, -CH2C(O)OH, -CH2C(O)NRgR1o or -C(O)O-(Ci-Ce)alkyl, wherein the alkyl is
optionally substituted by 0 to 3 substituents independently selected from methoxy, ethoxy,
hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(C:-C4) alkyl, -C(O)NR9R10, -NR9R1o, or
methanesulfonyl;

wherein, Rg is selected from H, methyl or ethyl;

Ruo is selected from H or (C1-Ce)alkyl, wherein the alkyl is optionally substituted by 0 to 3
substituents independently selected from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0)0O-(C1-C,) alkyl or methanesulfonyl.

In addition, as one of the preferred embodiments of the present invention: when Y is
nitrogen, R4 is not present; when Y is carbon, R4 is selected from H, hydroxyl, -O-(C1-Ce)alkyl,
-C(O)OH, -CH2C(O)OH, -CH2C(O)NRgRi1o or -C(O)O-(Ci-Ce)alkyl, wherein the alkyl is

optionally substituted by 0 to 3 substituents independently selected from methoxy, ethoxy,
8
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hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(C:-Cs)alkyl, -C(O)NRgR1, -NRgR1o, oOr
methanesulfonyl;

R1 is selected from methyl, ethyl, isopropyl, cyclopropyl, cyclobutyl, or cyclopentyl;

Rz is H;

Rs3 is a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3 substituents,
the aromatic heterocycle is preferably pyridine ring, pyridone ring, pyrimidine ring, pyrazine
ring, or pyridazine ring, and the substituent is independently selected from H, -(C1-Ce)alkyl,
(Cs-Ce)cycloalkyl, -O-(Ci-Ce)alkyl, -S-(Ci-Ce)alkyl, -O-(Cs-Ce)cycloalkyl, halogen, -CFs,
-CHF2, -CH2F, -OCF3, -OCHF2, -OCH2F, -OCH2CFs3, -OCH2CHF2, -OCH2CH:F, hydroxyalkoxy,
.CN, -C(O)NR¢R1w, -CH2NRoRio, -CH2NRe-C(O)R1w,  -C(O)OH,  -CH2NRoRio,
tetrahydropyrrol-1-yl or -NRgR10; wherein the alkyl or cycloalkyl is optionally substituted by 0
to 3 substituents independently selected from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0)0O-(C1-Cs)alkyl, -C(O)NR9R10, -NRgR10, or methanesulfonyl; preferably, Rs is a
6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3 substituents, the
aromatic heterocycle is preferably pyridine ring, pyridone ring, pyrimidine ring, pyrazine ring, or
pyridazine ring, and the substituent is independently selected from H, (Ci-Ce)alkyl,
-O-(C1-Ce)alkyl, -S-(C1-Ce)alkyl, halogen, -CFs, -CHF, -CHzF, -OCFs3, -OCHF;, -OCH:2F, -CN,
-C(O)NRgR10, -CH2NRgR10, -CH2NRg-C(O)R10, -C(O)OH, -CH2NRgR10, or -NRsR10; Wherein
the alkyl is optionally substituted by 0 to 3 substituents independently selected from methoxy,
ethoxy, hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(C1-Ca)alkyl, -C(O)NRgR10, -NRgR1p,
or methanesulfonyl; preferably, Rz is selected from a 6-membered aromatic ring or aromatic
heterocycle substituted by 1 to 3 substituents, the aromatic heterocycle is preferably pyridine
ring, pyridone ring, pyrimidine ring, pyrazine ring or pyridazine ring, and the substituent is
independently selected from H, methyl, ethyl, isopropyl, tert-butyl, cyclopropyl, methoxy, ethoxy,
isopropoxy, -O-cyclopropyl, hydroxyethoxy, halogen, -CFs, -CHF2, -CH2F, -OCF3, -OCHF,
-OCH2F, -OCH:CF3, -OCH:CHF2, -OCH2CH2F, -CN, -C(O)NRgRi, -CH2NRgR1o,
-CH2NRg-C(O)R10, -C(O)OH, -CH2NRgRu1o, tetrahydropyrrol-1-yl or -NRgRuo;

Rs is a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3 substituents,
and the aromatic heterocycle is preferably pyridine ring, pyridone ring, pyrimidine ring, pyrazine
ring, or pyridazine ring; the substituent is independently selected from H, -(Ci-Ce)alkyl,

(Cs-Ce)cycloalkyl, -O-(Ci-Ce)alkyl, -S-(Ci-Ce)alkyl, -O-(Cs-Cs)cycloalkyl, halogen, -CFs,
9
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-CHF2, -CH2F, -OCFs3, -OCHF2, -OCH:F, -OCH2CFs3, -OCH2CHF2, -OCH2CH:F, hydroxyalkoxy,
-CN, -C(O)NRgR1y, -CH2NRgR1o, -CH2NRg-C(O)R1o, -C(O)OH, -CH2NRgR1o,
tetrahydropyrrol-1-yl or -NRgR1o; wherein the alkyl is optionally substituted by 0 to 3
substituents independently selected from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0)O-(C1-Cs)alkyl, -C(O)NR9R10, -NRgR10, 0or methanesulfonyl; preferably, Rs is a
6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3 substituents, and the
aromatic heterocycle is preferably pyridine ring, pyridone ring, pyrimidine ring, pyrazine ring, or
pyridazine ring; the substituent is independently selected from H, (C1-Ce)alkyl, -O-(C1-Cs)alkyl,
-S-(C1-Ce)alkyl, halogen, -CF3, -CHF2, -CH2F, -OCF3, -OCHF2, -OCH2F, -CN, -C(O)NRgR1o,
-CH2NRgR10, -CH2NRg-C(O)R10, -C(O)OH, -CH2NRgR10, or -NRgR1o; wherein the alkyl is
optionally substituted by 0 to 3 substituents independently selected from methoxy, ethoxy,
hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(Ci-Cs)alkyl, -C(O)NRgR1, -NRgR1o, or
methanesulfonyl; preferably, Rs is selected from a 6-membered aromatic ring or aromatic
heterocycle substituted by 1 to 3 substituents, the aromatic heterocycle is preferably pyridine
ring, pyridone ring, pyrimidine ring, pyrazine ring, or pyridazine ring, and the substituent is
independently selected from H, methyl, ethyl, isopropyl, tert-butyl, cyclopropyl, methoxy, ethoxy,
isopropoxy, -O-cyclopropyl, hydroxyethoxy, halogen, -CFs, -CHF2, -CH2F, -OCF3, -OCHF,
-OCH2F, -OCH.CF3, -OCH:CHF;, -OCH>CH2F, -CN, -C(O)NRgR1, -CH2NRgRio,
-CH2NRg-C(O)R10, -C(O)OH, -CH2NRgR1o, tetrahydropyrrol-1-yl or -NRgR1o;

Re is chlorine; Ry is hydrogen; X1 is oxygen; and/or X2, VV and W are all carbon;

wherein Rg is selected from H, methyl or ethyl, and Rio is selected from H, and
-(C1-Ce)alkyl, wherein the alkyl is optionally substituted by 0 to 3 substituents independently
selected from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(C1-Cas)alkyl,
or methanesulfonyl; and Rio is preferably H, methyl, ethyl, or 1-hydroxyethyl, more preferably H,
methyl or ethyl.

Furthermore, as the most preferred embodiment of the present invention:

R1 is selected from ethyl or isopropyl;

Rz is H;

Rs3 is a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3 substituents,
the aromatic heterocycle is preferably pyridine ring, pyridone ring, pyrimidine ring, pyrazine

ring, or pyridazine ring, and the substituent is independently selected from H, -(C1-Ce)alkyl,
10



-O-(C1-Ce)alkyl, -S-(C1-Ce)alkyl, halogen, -CFs, -CHF, -CHF, -OCFs3, -OCHF;, -OCH:2F, -CN,
-C(O)NRgR10, or -NRgR1o;

when Y is nitrogen, R4 is not present;

Rs is a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3 substituents,

5 the aromatic heterocycle is preferably pyridine ring, pyridone ring, pyrimidine ring, pyrazine
ring, or pyridazine ring , and the substituent is independently selected from H, -(C1-Ce)alkyl,

-O-(C1-Ce)alkyl, -S-(C1-Ce)alkyl, halogen, -CFs, -CHF2, -CH2F, -OCF3, -OCHF2, -OCHzF, -CN,
or -C(O)NHy;
Re is chlorine; Ry is hydrogen;
10 X1 is oxygen; Y is nitrogen; Xz, V, and W are all carbon;
wherein, Rg is selected from H, methyl or ethyl, and Ry is selected from H, methyl or ethyl.
More preferably, the compound according to the first aspect is one selected from the

following structures:
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Depending on the type or combination of substituents, the compounds represented by the
general formula (I) of the present invention may have various isomers, for example, the isomers

include, but are not limited to, stereoisomers (for example, “cis” and “trans” forms, enantiomers),
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tautomers and optical isomers (for example, dextrorotary and levorotary forms). Preferably, the
compound of the present invention is in the S configuration to obtain a more ideal application
activity. The compounds of the present invention also include all of these isomers, and mixtures
of these isomers at any ratio, unless otherwise specified.

In addition, the present invention also includes a compound which is converted into
compound (1) as an active ingredient of the pharmaceutical composition of the present invention
due to reactions induced by enzymes, gastric acid and the like under physiological conditions in
the body, that is, a compound which is converted into compound (1) by enzymatic oxidation,
reduction, hydrolysis and the like, or a “pharmaceutically acceptable prodrug compound” which
is converted into compound (1) by hydrolysis induced by gastric acid or the like.

Any structural formula given herein is also intended to represent the unlabeled form and
isotope-labeled form of the compounds. An isotope-labeled compound or isotopic variant has the
structure depicted by the structural formula given herein, except that one or more atoms are
replaced by atom(s) having selected atomic mass or mass number. For example, the compound
represented by the general formula (1) of the present invention may contain isotope(s) in an
unnatural proportion as one or more constituent atom(s). Examples of isotopes include, but are
not limited to, for example, deuterium (*H), tritium (3H), iodine-125 (*%1), and carbon-14 (}4C).
These compounds are useful therapeutic or preventive agents, research reagents (for example,
test reagents), and diagnostic agents (for example, in vivo diagnostic imaging agents).
Regardless of the presence or absence of radioactivity, all isotopic variants of the compound
represented by the general formula (I) are also included in the scope of the present invention.

The “pharmaceutically acceptable salt” in the present invention refers to an acid addition
salt or a base addition salt of the compound of the present invention. “Salt” specifically includes
“pharmaceutical salt”. The term “pharmaceutical salt” means a salt that retains the biological
effectiveness and properties of the compound of the present invention, which is generally not
biologically or otherwise undesirable. In many cases, the compound of the present invention can
form acid and/or base salt(s) through the present amino and/or carboxyl or similar groups, for
example, pharmaceutical acid addition salts can form the following salts with inorganic and
organic acids, such as acetate, aspartate, benzoate, benzenesulfonate, bromide/hydrobromide,
bicarbonate/carbonate,  bisulfate/sulfate, = camphor  sulfonate,  chloride/hydrochloride,

chlortheophyllonate, citrate, ethanedisulfonate, fumarate, glucoheptanoate, gluconate,
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glucuronate, hippurate, hydroiodate/iodide, hydroxyl ethyl sulfonate, lactate, lactobionate,
dodecyl sulfate, malate, maleate, malonate, mandelate, mesylate, methyl sulfate, naphthalene
formate, naphthalenesulfonate, nicotinate, nitrate, octadecanoate, oleate, oxalate, palmitate,
pamoate, phosphate/hydrogen phosphate/dihydrogen phosphate, polygalacturonate, propionate,
stearate, succinate, sulfosalicylate, tartrate, tosylate and trifluoroacetate.

The pharmaceutical solvates of the present invention include those in which the crystalline
solvent may be isotopically substituted, such as D0, ds-acetone, and ds-DMSO.

In addition, the compounds of the present invention, including their salts, can also be
obtained in the form of their hydrates, or contain other solvents for their crystallization. The
compounds of the invention may form solvates inherently or by design with pharmaceutical
solvents (including water); therefore, it means that the present invention includes both solvated
and unsolvated forms. The term “solvate” means a molecular complex of the compound of the
present invention (including a pharmaceutical salt thereof) with one or more solvent molecules.
These solvent molecules are those commonly used in the pharmaceutical field and are known to
be harmless to recipients, such as water, ethanol, and the like. The term “hydrate” refers to a
complex in which the solvent molecule is water. The compounds of the present invention,
including their salts, hydrates, and solvates, can form polymorphs inherently or by design.
Solvates or hydrates can be used to prepare crystalline forms of the compounds of formula (1).

In a second aspect, the present invention provides a preparation method of a plurality of the
compounds of the first aspect as a preferred embodiment:

As a first parallel embodiment, when Y is N, the preparation method of the compound of

the general formula I of the present invention comprises at least the following steps:
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(1) compound 1 and compound 2 are subjected to a substitution and rearrangement reaction
to synthesize compound 3;

(2) compound 3 and compound 4 are subjected to a cyclization reaction to construct an
imidazole ring to obtain compound 5;

(3) compound 5 is brominated by NBS to obtain compound 6;

(4) compound 6 and compound 7 are subjected to low-temperature lithiation with LDA to
obtain compound 8;

(5) compound 8 and compound 9 are subjected to an ammonolysis reaction to obtain
compound 10;

(6) compound 10 is subjected to an acidification and dehydration reaction to obtain
compound 11; and

(7) compound 11 and aryl or heteroaryl borate or boronic acid are subjected to a Suzuki
coupling reaction to obtain product 12 (corresponding to the compound represented by the
general formula (1));

wherein, Ry, R2, Rs3, Rs, Re, R7, X1, X2, V and W are as defined for the general formula 1.

In the above-mentioned preparation method provided by the present invention, each step
can be implemented by using various known reaction conditions. As a preferred embodiment, the
present invention further defines each step as follows:

Step 1. preferably, the compound 2 is added dropwise to the compound 1 at 0 + 2°C, to
react overnight at room temperature;

Step 2: preferably, cyclization reaction is performed at 70 + 2°C;

Step 3: preferably, tetrahydrofuran is used as a solvent, and more preferably, NBS is added
in batches at 0 + 2°C, followed by stirring overnight at room temperature;

Step 4: preferably, tetrahydrofuran is used as a solvent, and more preferably, the reaction is
performed at -78 + 2°C for 2 h;

Step 5: preferably, toluene is used as a solvent, more preferably, AlMes and the compound 9
are added dropwise at 0 + 2°C, to react overnight at 90 £ 2°C;

Step 6: preferably, glacial acetic acid is used as a solvent, and reaction is performed under
the action of concentrated sulfuric acid at 110 + 5°C for 2 h;

Step 7: preferably, 1,4-dioxane and water are used as solvents, more preferably, Pd(PPh3)s is

used as a catalyst, sodium carbonate or potassium phosphate is used as a base, and a microwave
27



reaction is performed at 100 + 2°C for 1 £ 0.5 h.
As a second parallel embodiment, when Y is C, the preparation method of the compound of

the general formula I of the present invention comprises at least the following steps:
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9 10 1
5 (1) compound 1 and compound 2 are subjected to a substitution reaction to synthesize
compound 3;
(2) compound 3 is brominated by NBS to obtain compound 4;
(3) compound 4 and compound 5 are subjected to low-temperature lithiation with LDA to
obtain compound 6;
10 (4) compound 6 and compound 7 are subjected to an ammonolysis reaction to obtain

compound 8;

(5) compound 8 is subjected to an acidification and dehydration reaction to obtain
compound 9; and

(6) compound 9 and aryl or heteroaryl boronic acid are subjected to a Suzuki coupling

15  reaction to obtain product 11 (corresponding to the compound represented by the general

formula (1));

wherein, Ry, Rz, Rs, R4, Rs, Rs, R7, X1, X2, V and W are as defined for the general formula 1.;
preferably X is O.

In the above-mentioned preparation method provided by the present invention, each step

20  can be implemented by using various known reaction conditions. As a preferred embodiment, the
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present invention further defines each step as follows:

wherein, step 1: preferably, at 0 £ 2°C, DMF is used as a solvent, and the compound 2 is
slowly added to the compound 1, to react overnight at room temperature;

Step 2: preferably, tetrahydrofuran is used as a solvent, NBS is added in batches at 0 + 2°C,
followed by stirring overnight at room temperature;

Step 3: preferably, tetrahydrofuran is used as a solvent, and reaction is performed at -78 *
2°Cfor2+1h;

Step 4: preferably, toluene is used as a solvent, AIMes and compound 7 are added dropwise
at 0 £ 2°C, to react overnight at 90 + 2°C;

Step 5: preferably, glacial acetic acid is used as a solvent, and reaction is performed under
the action of concentrated sulfuric acid at 110 + 5°C for2 + 1 h;

Step 6: preferably, 1,4-dioxane and water are used as solvents, Pd(PPhs)s is used as a
catalyst, sodium carbonate or potassium phosphate is used as a base, and a microwave reaction is
performed at 100 + 5°C for 1 £ 0.5 h.

Conventional conditions in the art can be used to carry out the reactions described in the
above steps, which are not particularly limited in the present invention.

In a third aspect, the present invention provides a pharmaceutical composition comprising at
least one compound as described in the first aspect above as an active ingredient.

The compounds described in the first aspect of the present invention may also be
advantageously combined with one or more therapeutically active agents, preferably with one or
more other antiproliferative compounds. Such antiproliferative compounds include, but are not
limited to, aromatase inhibitors; antiestrogen; topoisomerase | inhibitor; topoisomerase Il
inhibitor; microtubule active compounds; alkylating compounds; histone deacetylase inhibitor;
compounds that induce cell differentiation processes; cyclooxygenase inhibitor; MMP inhibitor;
mTOR inhibitors such as RADO001; antitumor antimetabolites; platinum compounds; compounds
that target/reduce protein or lipid kinase activity; and further anti-angiogenic compounds;
compounds that target, reduce or inhibit protein or lipid phosphatase activity; gonadorelin
agonists; antiandrogens; methionine aminopeptidase inhibitors; bisphosphonates; biological
response modifiers; antiproliferative antibodies such as HCD122; heparanase inhibitors;
inhibitors of Ras oncogenic isoforms; telomerase inhibitors; proteasome inhibitors; compounds

for treating blood cancer such as fludarabine; compounds that target, reduce or inhibit Flt-3
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activity, such as PKC412; Hsp90 inhibitors, such as 17-AAG (17-allylaminogeldanamycin,
NSC330507), 17-DMAG (17-dimethylaminoethylamino-17-demethoxy-geldanamycin,
NSC707545), IPI-504, CNF1010, CNF2024, and CNF1010 and AUY922 of Conforma
Therapeutics; temozolomide (TEMODALTM); kinesin spindle protein inhibitors such as
SB715992 or SB743921 of GlaxoSmithKline, or pentamidine/chlorpromazine of CombinatoRX;
PI3K inhibitors such as BEZ235; RAF inhibitors such as RAF265; MEK inhibitors such as
ARRY 142886 of Array PioPharma, AZD6244 of AstraZeneca, PD181461 of Pfizer, calcium
folinate, EDG binding agents, anti-leukemic drug compounds, nucleotide reductase inhibitors,
S-adenosylmethionine decarboxylase inhibitors, apoptosis regulators, antiproliferative antibodies,
or other chemotherapeutic compounds. In addition, they may alternatively or additionally be
used in combination with other tumor treatment methods including surgery, ionizing radiation,
photodynamic therapy, implants, for example, with corticosteroids and hormones, or they may be
used as radiosensitization agents. Moreover, in anti-inflammatory and/or anti-proliferative
treatment, combinations with anti-inflammatory drugs are included. Combinations with
antihistamines, bronchodilators, NSAID or chemokine receptor antagonists are also possible.

In addition to the active ingredient, the pharmaceutical composition of the present invention
may further include a pharmaceutically acceptable carrier, and may be administered as various
injections (such as intravenous injection, intramuscular injection, subcutaneous injection and the
like), or administered by various methods (such as oral administration and transdermal
administration). A pharmaceutically acceptable carrier refers to a pharmacologically acceptable
material (for example, excipient, diluent, additive, solvent and the like) that involves transporting
a compound of the present invention or a composition comprising a compound of the present
invention from a given organ to another organ.

A formulation can be prepared by selecting an appropriate dosage form (for example, an
oral formulation or an injection) according to the method of administration and using various
methods for preparing the formulation. Examples of oral formulations include tablets, powders,
granules, capsules, pills, lozenges, solutions, syrups, elixirs, emulsions, oily or aqueous
suspensions, and the like.

The present invention also provides the use of the compound described in the first aspect in
the preparation of a medicament for treating diseases based on dysregulation of cell cycle.

Also provided is a method for treating a disease associated with MDM2 and P53 regulation,
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comprising administering to the patient an effective amount of the compound according to the
first aspect of the present invention.

The compounds of the present invention are believed to be useful in the treatment of
diseases based on dysregulation of cell cycle, such as proliferative disorders or diseases, such as
cancers or tumor diseases. In particular, these diseases or disorders include benign or malignant
tumors, soft tissue sarcomas or sarcomas such as a liposarcoma, a rhabdomyosarcoma or a bone
cancer such as osteosarcoma, a brain cancer, kidney cancer, liver cancer, adrenal cancer, bladder
cancer, breast cancer, gastric cancer, ovarian cancer, colon cancer, rectal cancer, prostate cancer,
pancreatic cancer, lung cancer, vaginal cancer or thyroid cancer, a glioblastoma, a meningioma, a
glioma, a mesothelioma, a multiple myeloma, a gastrointestinal cancer, especially colon cancer
or colorectal adenoma, head and neck tumors, a melanoma, a prostate hyperplasia, neoplasia, a
neoplasia of epithelial character, a leukemia such as acute myeloid leukemia or B-cell chronic
lymphocytic leukemia, lymphomas such as lymphoma of B- or T-cell origin, and other organ
metastases, viral infections (such as herpes, papilloma, HIV, Kaposi’s, viral hepatitis), and
nephritis. Specific uses are for the treatment of benign or malignant tumors, soft tissue sarcomas
or sarcomas such as a liposarcoma, a rhabdomyosarcoma or a bone cancer such as osteosarcoma,
cancers such as a kidney cancer, liver cancer, adrenal cancer, bladder cancer, breast cancer,
gastric cancer, ovarian cancer, colon cancer, rectal cancer, prostate cancer, pancreatic cancet,
lung cancer, vaginal cancer or thyroid cancer, a mesothelioma, a multiple myeloma, a
gastrointestinal cancer, especially colon cancer or colorectal adenoma, head and neck tumors, a
melanoma, a prostate hyperplasia, a neoplasia, a neoplasia of epithelial character , leukemias
such as acute myeloid leukemia or B-cell chronic lymphocytic leukemia, lymphomas such as
lymphoma of B- or T-cell origin, and other organ metastases and nephritis.

Preferably, it can be used to treat a leukemia, a myeloma and a nephritis.

The present invention also provides a method for treating diseases based on dysregulation
of cell cycle, the method comprising administering an effective dose of the compound described
in the first aspect or the composition described in the third aspect to a subject in need thereof by
an oral or non-oral route.

The disease is preferably a tumor or nephritis disease; more preferably a disorder or disease
mediated by the activity of MDM2 and/or MDM4.

The present invention also provides a method for treating diseases based on dysregulation
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of cell cycle, the method comprising administering an effective dose of the compound described
in the first aspect or the composition described in the third aspect to a subject in need thereof by
an oral or non-oral route.

The diseases based on dysregulation of cell cycle include cancer or tumor diseases. The
tumor diseases include benign or malignant tumors.

Preferably:

the tumor disease include a soft tissue sarcoma or sarcoma, a leukemia or a bone cancer;
preferably, the sarcoma is liposarcoma or rhabdomyosarcoma; the leukemia is acute myeloid
leukemia, chronic myeloid leukemia, or B-cell chronic lymphocytic leukemia; and the bone
cancer is osteosarcoma.

The cancers include a brain cancer, kidney cancer, liver cancer, adrenal cancer, bladder
cancer, breast cancer, gastric cancer, ovarian cancer, colon cancer, rectal cancer, prostate cancetr,
pancreatic cancer, lung cancer, vaginal cancer or thyroid cancer, a glioblastoma, a meningioma, a
glioma, a mesothelioma, a multiple myeloma, a gastrointestinal cancer; a especially colon cancer
or colorectal adenomas, head and neck tumors, a melanoma, a prostate hyperplasia, a neoplasia,
a neoplasia of epithelial character, a leukemia, a lymphoma, and other organ metastases and viral
infections.

More preferably, the leukemia is acute myeloid leukemia or B-cell chronic lymphocytic
leukemia; the lymphoma is a lymphoma of B- or T-cell origin; the viral infection is herpes,
papilloma, HIV, Kaposi’s, or viral hepatitis.

Or, the disease of dysregulation of cell cycle is a disorder or disease involving immune
system, preferably an autoimmune disease or immune disease caused by transplantation, a
chronic inflammatory condition or an inflammatory or allergic condition of skin, or other skin
inflammatory or allergic conditions or a hyperproliferative disorder.

Preferably:

the autoimmune disease or immune disease caused by transplantation is rheumatoid arthritis,
graft-versus-host disease, systemic lupus erythematosus, Sjogren’s syndrome, multiple sclerosis,
Hashimoto’s thyroiditis, polymyositis.

The chronic inflammatory condition is asthma, osteoarthritis, nephritis, atherosclerosis or
Morbus Crohn.

The inflammatory or allergic condition of skin is psoriasis, contact dermatitis, atopic
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dermatitis, alopecia areata, erythema multiforme, herpes-like dermatitis, scleroderma, vitiligo,
allergic vasculitis, urticaria, bullous pemphigoid, pemphigus, acquired epidermolysis bullosa.

The hyperproliferative disorder is Li-Fraumeni syndrome.

The present invention further provides a compound or composition for treating diseases
based on dysregulation of cell cycle, the compound is the compound described in the first aspect.

The disease is preferably a tumor or nephritis disease; more preferably a disorder or disease
mediated by the activity of MDM2 and/or MDM4.

The present invention further provides a compound or composition for treating diseases
base on dysregulation of cell cycle, the compound is the compound described in the first aspect.

The diseases based on dysregulation of cell cycle include cancer or tumor diseases. The
tumor diseases include benign or malignant tumors.

Preferably:

the tumor diseases include soft tissue sarcoma or sarcoma, leukemia or bone cancer;
preferably, the sarcoma is liposarcoma or rhabdomyosarcoma; the leukemia is acute myeloid
leukemia, chronic myeloid leukemia, or B-cell chronic lymphocytic leukemia; and the bone
cancer is osteosarcoma.

The cancers include a brain cancer, kidney cancer, liver cancer, adrenal cancer, bladder
cancer, breast cancer, gastric cancer, ovarian cancer, colon cancer, rectal cancer, prostate cancer,
pancreatic cancer, lung cancer, vaginal cancer or thyroid cancer, a glioblastoma, a meningioma, a
glioma, a mesothelioma, a multiple myeloma, a gastrointestinal cancer; especially colon cancer
or colorectal adenomas, head and neck tumors, a melanoma, a prostate hyperplasia, a neoplasia,
a neoplasia of epithelial character , a leukemia, a lymphoma, and other organ metastases and
viral infections.

More preferably, the leukemia is acute myeloid leukemia or B-cell chronic lymphocytic
leukemia; the lymphoma is lymphoma of B- or T-cell origin; and the viral infection is herpes,
papilloma, HIV, Kaposi’s, or viral hepatitis.

Or, the disease of dysregulation of cell cycle is a disorder or disease involving immune
system, preferably an autoimmune disease or immune disease caused by transplantation, a
chronic inflammatory condition or an inflammatory or allergic condition of skin, or other skin
inflammatory or allergic conditions or a hyperproliferative disorder.

Preferably:
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the autoimmune disease or immune disease caused by transplantation is rheumatoid arthritis,
graft-versus-host disease, systemic lupus erythematosus, Sjogren’s syndrome, multiple sclerosis,
Hashimoto’s thyroiditis, or polymyositis.

The chronic inflammatory condition is asthma, osteoarthritis, nephritis, atherosclerosis or
Morbus Crohn.

The inflammatory or allergic condition of skin is psoriasis, contact dermatitis, atopic
dermatitis, alopecia areata, erythema multiforme, herpes-like dermatitis, scleroderma, vitiligo,
allergic vasculitis, urticaria, bullous pemphigoid, pemphigus, or acquired epidermolysis bullosa.

The hyperproliferative disorder is Li-Fraumeni syndrome.

In specific applications, the dosage and the interval of administration can be appropriately
selected based on the judgment of a doctor and according to the location of the disease and the
height, weight, sex, or medical history of the patient. When the compound of the present
invention is administered to a human, the daily dose is about 0.01 to 500 mg/kg body weight,
preferably about 0.1 to 100 mg/kg body weight. Preferably, the compound of the present
invention is administered to a human once a day, or the dose is administrated in 2 to 4 divided
doses at appropriate intervals. In addition, if necessary, the daily dose may exceed the

above-mentioned dose based on the judgment of the doctor.

Specific Modes for Carrying Out the Embodiments

The following Examples are used to illustrate the present invention, but not to limit the
scope of the present invention.

All raw materials used in the present invention are known commercial products.

In the present invention, “Mdm?2” refers to a protein encoded by the murine double minute
2 gene. “Mdm2” includes Mdm?2 protein encoded by the full-length Mdm2 gene, Mdm2 protein
encoded by mutated Mdm2 gene (including deletion mutants, substitution mutants, and addition
mutants) and the like. In the present invention, “Mdm?2” also includes homologs derived from
different animal species, such as human Mdm2 homolog (HDM?2).

The abbreviations and their meanings in the Examples of the present invention are as
follows:

NBS: N-bromosuccinimide

EA: ethyl acetate
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PE: petroleum ether
THF: tetrahydrofuran
LDA: lithium diisopropylamide
Pd(PPha)a: tetrakis(triphenylphosphine)palladium
Example 1
6-chloro-5’-(3-chlorophenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dih
ydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

Step 1: Preparation of ethyl (E)-2-cyano-3-(dimethylamino)acrylate
0

~

N
|

Under nitrogen atomosphere, ethyl 2-isocyanate (500.0 g, 4.425 mol) and 1000 mL of
ethanol were added to a 2000 mL three-necked flask, and cooled to -5°C,
1,1-diethoxy-N-methyl-N-methylene methanamine (845.6 g, 5.752 mol) was added dropwise.
During the dropwise addition, the reaction solution was maintained at about 0°C, and then
naturally raised to room temperature, stirred overnight, and concentrated under vacuum. The
crude product was dissolved in 5L of tert-butyl methyl ether, and the resultant mixture was added
with 1 Kg of silica gel, stirred for 30 min and filtered. The filtrate was washed with 500 mL of
tert-butyl methyl ether for 5 times, and concentrated under vacuum to obtain 678.2 g of ethyl
(E)-2-cyano-3-(dimethylamino)acrylate (yield 91.25%, yellow oil). MS (ESI): mass calcd. for
CgH12N20, 168.2, m/z found 169.3 [M+H]".

Step 2: Preparation of ethyl 1-isopropyl-1H-imidazole-4-carboxylate
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Under nitrogen atomosphere, ethyl (E)-2-cyano-3-(dimethylamino)acrylate (120.0g,
0.714mol), 100 mL of N-butanol and propyl-2-amine (126.4 g, 2.14 mol) were added to a 500 ml
three-necked flask. The mixture was heated to 70°C for overnight reaction and concentrated
under vacuum. The resultant mixture was added with 1000 mL of ethyl acetate, and washed with
500 mL of saturated sodium chloride aqueous solution for three times. The organic layers were
combined, dried over anhydrous sodium sulfate, filtered, and concentrated to obtain 119.3 g of
ethyl 1-isopropyl-1H-imidazole-4-carboxylate (yield 91.76%, brown oil). MS (ESI): mass calcd.
For CgH14N20, 182.2, m/z found 183.4 [M+H]".

Step 3: Preparation of ethyl 2-bromo-1-isopropyl-1H-imidazole-4-carboxylate

(@) S
%O
N
\
Br/Q

N

A

Under nitrogen atomosphere, ethyl 1-isopropyl-1H-imidazole-4-carboxylate (60.0g, 0.328
mol) and 500 mL of tetrahydrofuran were added to a 1000 mL three-necked flask, and cooled to
0°C, and NBS (87.0 g, 0.492 mol) was added in batches. The resultant was naturally raised to
room temperature for overnight reaction, concentrated under vacuum, added with 500 mL of
ethyl acetate, washed with 500 mL of saturated sodium carbonate aqueous solution for three
times, then washed once with 45 mL of saturated sodium chloride aqueous solution, dried over
anhydrous sodium sulfate, filtered, concentrated under vacuum, and separated by column
chromatography  (EA:PE=1:10 to 1:2) to  obtain 212 ¢ of  ethyl
2-bromo-1-isopropyl-1H-imidazole-4-carboxyate (yield 24.7%, yellow oil). MS (ESI): mass
calcd. for CoH13BrN20O, 260.0, m/z found 261.5 [M+H]".

Step 4: Preparation of ethyl
2-bromo-5-(6-chloro-3-hydroxy-2-oxoindol-3-yl)-1-isopropyl-1H-imidazole-4-carboxylate
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Under nitrogen atomosphere, ethyl 2-bromo-1-isopropyl-1H-imidazole-4-carboxylate (5.0 g,
19.15 mmol) and 10 mL of anhydrous THF were added to a 50 mL three-necked flask, and
cooled to -78°C. LDA (40 ml, 2 M) was slowly added dropwise, and the resultant mixture was
maintained at -78°C to react for 1.5 h. Then an anhydrous tetrahydrofuran solution (100 ml) of
6-chlorodihydroindole-2,3-dione (3.46 g, 19.15 mmol) was slowly added dropwise. After the
dropwise addition was completed, the mixture was maintained at -78°C to react for 2 h, followed
by quenching with 100 ml of saturated ammonium chloride aqueous solution, and extraction
with 200 mL of ethyl acetate for three times. The organic layers were combined, washed once
with 45 mL of saturated sodium chloride aqueous solution, dried over anhydrous sodium sulfate,
filtered, concentrated under vacuum, and separated by column chromatography (EA:PE = 1:10 to
1:2) to obtain 1.4 g of ethyl
2-bromo-5-(6-chloro-3-hydroxy-2-oxoindol-3-yl)-1-isopropyl-1H-imidazole-4- carboxylate
(yield 17.0%, yellow solid) as a yellow solid. MS (ESI): mass calcd. for C17H17BrCINsO4 441.0,
m/z found 442.0 [M+H]".

Step 5: Preparation of
2-bromo-5-(6-chloro-3-hydroxy-2-oxoindol-3-yl)-N-(3-chlorobenzene)-1-isopropyl-1H-imidazol

e-4-amide
Cl

e

NH
N\ HO cl

by
Irz

Under nitrogen atomosphere, 3-chloroaniline (503.3 mg, 2.94 mmol) and 5 mL of
anhydrous toluene were added to a 25 mL three-necked flask, and cooled to 0°C. AlMes (1.2 ml,
25% w/w) was slowly added dropwise to the reaction solution, then 5 mL of anhydrous toluene

solution of ethyl
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2-bromo-5-(6-chloro-3-hydroxy-2-oxoindol-3-yl)-1-isopropyl-1H-imidazole-4-carboxylate (600
mg, 1.36 mmol) was slowly added dropwise into the reaction solution. The resultant mixture was
raised to 90°C for overnight reaction, then naturally lowered to room temperature, and added
with 50 mL of ice water and 15 mL of saturated aqueous solution of sodium potassium tartrate,
extracted with 100 mL of dichloromethane for two times. The organic layers were combined,
washed once with 50 mL of saturated sodium chloride aqueous solution, dried over anhydrous
sodium sulfate, filtered, concentrated under vacuum, and separated by column chromatography
to obtain 401.2 mg of
2-bromo-5-(6-chloro-3-hydroxy-2-oxoindol-3-yl)-N-(3-chlorobenzene)-1-isopropyl-1H-imidazol
e-4-amide (yield 56.47%, yellow solid). MS (ESI): mass calcd. for C21H17BrCI2N4O3 522.0, m/z
found 523.4 [M+H]".

Step 6: Preparation of
2’-bromo-6-chloro-5’-(3-chlorophenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’pyrrolo[3,4-d]
imidazole]-2,6°(5’H)-dione

2-bromo-5-(6-chloro-3-hydroxy-2-oxoindol-3-yl)-N-(3-chlorobenzene)-1-isopropyl-1H-imi
dazole-4-amide (400.0 mg, 0.766 mmol) and acetic acid (5 mL) were added to a 25 mL
three-necked flask, concentrated sulfuric acid (0.75 g, 7.66 mmol) was added in batches, and the
temperature was raised to 110°C for reaction overnight, then the temperature was naturally
lowered to room temperature, and 20 mL of ice water was added. The pH value was adjusted to
7.0 with saturated sodium carbonate aqueous solution, followed by extraction with 200 mL of
dichloromethane for two times. The organic layers were combined, washed once with 50 mL of
saturated sodium chloride aqueous solution, dried over anhydrous sodium sulfate, filtered,
concentrated under vacuum and separated by column chromatography (EA:PE = 1:5 to 1:1) to
obtain 130.2 mg of 2’-bromo-6-chloro-5’-(3-chlorophenyl)-3’-isopropyl
-3’H-spiro[dihydroindole-3,4’pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (33.67% vyield, yellow
solid). MS (ESI): mass calcd. for C2:H1sBrCI2N402504.0, m/z found 505.3 [M+H]".
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Step 7 Preparation of 6-chloro-5’-(3-chlorophenyl)-2°-
(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]
imidazole]-2,6’(5’H)-dione

o N
\
Under nitrogen atomosphere, 2’-bromo-6-chloro-5’-(3-chlorophenyl)

-3’-isopropyl-3’H-spiro[dihydroindole-3,4’pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (90.0 mg,
0.178 mmol), (2,4-dimethoxypyrimidin-5-yl)boronic acid (33.0 mg, 0.178 mmol), Pd(PPhz)s
(20.7 mg, 0.0178 mmol), anhydrous Na.COz (57.0 mg, 0.535 mmol), 1,4-dioxane (4 mL) and
water (1 ml) were added into a microwave reaction flask, and then the temperature was raised to
100°C to perform a microwave reaction for 1 h. The reaction solution was cooled to room
temperature and filtered, and 10 mL of water was added, followed by extraction with 10 mL of
dichloromethane for three times. The organic layers were combined, washed once with 10 mL of
saturated sodium chloride aqueous solution, dried over anhydrous sodium sulfate, separated by
column chromatography, and supercritical high-pressure preparative chromatography to obtain
7.8 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(2,4-dimethoxypyrimidin-5-y1)-3’-isopropyl-3’H-spiro[dihy
droindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-1); and 8.8 mg of
(R)-6-chloro-5’-(3-chlorophenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-1). MS (ESI): mass
calcd. for Co7H22Cl2NsO4 564.1, m/z found 565.3 [M+H]*. H-NMR (400MHz, DMSO-dg) &
11.54 (brs, 1H), 8.51 (s, 1H), 7.48 (d, 1H, J = 8.0Hz), 7.38-7.32 (m, 2H), 7.15-7.12 (m, 2H),
7.01-6.97 (m, 1H), 6.96-6.95 (m, 1H), 4.19-4.12 (m, 1H), 3.99 (s, 3H), 3.94 (s, 3H), 1.12 (d, 3H,
J=6.8Hz), 0.64 (d, 3H, J = 6.8Hz).
Example 2
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H

-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 23.1 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-2); and
24.0 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H-
spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-2).

MS (ESI): mass calcd. for CasH24Cl2NsOs 578.1, m/z found 579.1[M+H]". H-NMR
(400MHz, DMSO-ds) & 11.62 (brs, 1H), 8.53 (m, 1H), 7.51-7.41 (m, 4H), 6.98-6.89 (m, 2H),
4.16-4.13 (m, 1H), 3.99 (s, 3H), 3.95 (s, 3H), 2.22 (s, 3H), 1.10 (d, 3H, J =4.8Hz), 0.67 (d, 3H, J
=4.8Hz).

Example 3
6-chloro-5’-(3-chloro-4-fluorophenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3°H-
spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N
N7 [
G
U )\

Title compounds were obtained by steps similar to those in Example 1, and supercritical

TZ

high-pressure preparative chromatography was performed to obtain 241 mg of
(S)-6-chloro-5’-(3-chloro-4-fluorophenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-

3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-3), and
35.8 mg of
(R)-6-chloro-5’-(3-chloro-4-fluorophenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-3°-isopropyl-3"H-s

piro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-3). MS (ESI): mass calcd.
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for Ca7H21CI2FN6O4 582.1, m/z found 583.3 [M+H]". *H-NMR (400MHz, DMSO-ds) & 11.55

(brs, 1H), 8.51 (s, 1H), 7.51 (d, 1H, J =8.0Hz), 7.43-7.39 (m, 1H), 7.27 (dd, 1H, J* =9.2Hz, J?

=2.4Hz), 7.16-7.03 (m, 1H), 7.02-6.99 (m, 1H), 4.19-4.12 (m, 1H), 3.99 (s, 3H), 3.95 (s, 3H),

1.12 (d, 3H, J =6.8Hz), 0.65 (d, 3H, J =6.8Hz).

Example 4
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-fluoro-2-methoxyphenyl)-3’-isopropyl-3°H-sp

iro[dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N
v PAS

Title compounds were obtained by steps similar to those in Example 1, and supercritical

high-pressure  preparative chromatography was performed to obtain 205 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-fluoro-2-methoxyphenyl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-4); and
22.3 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-fluoro-2-
methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-
dione (R-4). MS (ESI): mass calcd. for CaoH23CI2FN4Os 564.1, m/z found 565.3 [M+H]".
IH-NMR (400MHz, DMSO-ds) & 11.47 (brs, 1H), 7.55-7.49 (m, 2H), 7.48-7.00 (m, 5H),
6.96-6.93 (M, 2H), 4.06-4.02 (m, 1H), 3.81 (s, 3H), 2.32 (s, 3H), 1.06 (d, 3H, J =5.2Hz), 0.63 (d,
3H, J =5.2Hz).
Example 5
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-methoxyphenyl)-3’H-spiro[dihyd
roindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 15.0 mg of

(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2°-
4
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(2-methoxyphenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione
(S-5); and 13.3 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3°-
isopropyl-2’-(2-methoxyphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6(5’
H)-dione (R-5). MS (ESI): mass calcd. for CagH24CI2N4Os 546.1, m/z found 547.3 [M+H]".
IH-NMR (400MHz, DMSO-ds) & 11.52 (brs, 1H), 7.57-7.42 (m, 3H), 7.33-7.08 (m, 6H),
7.06-7.00 (m, 1H), 4.08-4.04 (m, 1H), 3.79 (s, 3H), 2.22 (s, 3H), 1.14 (d, 3H, J =5.2Hz), 0.64(d,
3H, J =5.2Hz).
Example 6
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(5-fluoro-2-methoxyphenyl)-3’-isopropyl-3°H-sp
iro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

2
N
. PN

Title compounds were obtained by steps similar to those in Example 1, and supercritical

high-pressure preparative chromatography was performed to obtain 17.0 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(5-fluoro-2-methoxyphenyl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-6); and
18.5 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-
2’-(5-fluoro-2-methoxyphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidaz
ole]-2,6’(5’H)-dione (R-6). MS (ESI): mass calcd. for C2oH23CI2FN4O3 564.1, m/z found 565.4
[M+H]*.*H-NMR (400MHz, DMSO-ds) § 11.61 (brs, 1H), 7.54-7.00 (m, 8H), 6.97-6.96 (m, 1H),
4.07-4.04 (m, 1H), 3.78 (s, 3H), 2.49 (s, 3H), 1.08 (d, 3H, J =6.4Hz), 0.65(d, 3H, J =6.4Hz).
Example 7
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-ethylphenyl)-3’-isopropylisopropyl-3"H-spiro[
dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
42



10

15

20

25

high-pressure preparative chromatography was performed to obtain 26.3 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-ethylphenyl)-3°-
isopropylisopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-7),
and 21.5 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-
2’-(2-ethylphenyl)-3’-isopropylisopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]
-2,6’(5’H)-dione (R-7). MS (ESI): mass calcd. for C3oH26CI2N4O2 544.1, m/z found 545.2
[M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.70 (brs, 1H), 7.60-6.95 (m, 10H), 6.97-6.96 (m,
1H), 4.07-4.04 (m, 1H), 2.45 (s, 3H), 1.11-1.07 (m, 8H), 0.67(d, 3H, J =4.8Hz).
Example 8
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,6-dimethoxypyridin-3-yl)-3’-isopropyl-3’H-sp
iro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole] -2,6’(5’H)-dione

o)
O/
N= /N\ N
Cl
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N Cl

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 225 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2,6-dimethoxypyridin-3-yl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-8), and
31.2 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-
2’-(2,6-dimethoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidaz
ole]-2,6°(5’H)-dione (R-8). MS (ESI): mass calcd. for Cz9H25CI2NsO4 577.13, m/z found
578.2[M+H]*. 'H-NMR (400MHz, DMSO-ds) & 7.82-7.80 (m, 1H), 7.79-7.04 (m, 6H), 6.56 (d,
2H, J =8.0Hz), 4.13-4.10 (m, 1H), 3.94 (s, 3H), 3.91 (s, 3H), 2.21 (s, 3H), 1.08 (d, 3H, J =6.4Hz),
0.66 (d, 3H, J =6.4Hz).

Example 9
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,4-dimethoxyphenyl)-3’-isopropyl-3’H-spiro[di
hydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 195 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2,4-dimethoxyphenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-9), and
18.3 mg of (R)-6-chloro-5-(5-chloro-2-methylphenyl)-2’
-(2,4-dimethoxyphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (R-9). MS (ESI): mass calcd. for CagH26CI2N4O4 576.1 m/z found 577.1 [M+H]".
IH-NMR (400MHz, DMSO-ds) & 11.58 (brs, 1H), 7.55-6.67 (m, 9H), 4.08-4.04 (m, 1H), 3.84(s,
3H), 3.78(s, 3H), 2.20 (s, 3H), 1.06 (d, 3H, J=4.0Hz). 0.62 (d, 3H, J=4.0Hz).

Example 10
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(3-methoxypyridin-4-yl)-3’H-spiro[
dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

\0 N
N
N\[ )g

Title compounds were obtained by steps similar to those in Example 1, and supercritical

Cl

N
H

high-pressure preparative chromatography was performed to obtain 258 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(3-methoxypyridin
-4-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-10), and 28.0
mg of (R)-6-chloro-5-(5-chloro-2-methylphenyl)-3’-isopropyl-
2’-(3-methoxypyridin-4-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’ (5 H)-di
one (R-10). MS (ESI): mass calcd. for C2sH23CI2NsO3 547.1, m/z found 548.4 [M+H]". 1H-NMR
(400MHz, DMSO-dg) & 11.79 (brs, 1H), 8.61 (s, 1H), 8.40 (d, 1H, J =4.8Hz), 7.62-7.45 (m, 2H),
7.33-6.98 (M, 5H), 4.11-4.10 (m, 1H), 4.08 (s, 3H), 2.22 (s, 3H), 1.10 (d, 3H, J =6.8Hz), 0.66(d,
3H, J =6.8Hz).

Example 11
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6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4,6-dimethoxypyridin-3-yl)-3’-isopropyl-3’H-sp
iro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

o\ / N Cl

Cl

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 18.6 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4,6-dimethoxypyridin-3-yl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-11), and
17.2 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-
(4,6-dimethoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole
1-2,6’(5’H)-dione (R-11). MS (ESI): mass calcd. for C29H25CI2NsO4 577.1, m/z found 578.2
[M+H]*. *H-NMR (400MHz, DMSO-ds) & 11.61 (brs, 1H), 8.13(d, 1H, J =4.8Hz), 7.55 (d, 1H, J
=8.4Hz), 7.43-7.22 (m, 3H), 7.16-6.96 (m, 2H), 6.59 (d, 1H, J =1.6Hz), 4.10-4.04 (m, 1H), 3.92
(s, 3H), 3.84 (s, 3H), 2.22 (s, 3H), 1.08 (d, 3H, J =6.4Hz), 0.69 (d, 3H, J =6.4Hz).

Example 12
4-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6°-dioxo-5’,6’-dihydro-3"H-spiro[
dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-3-methoxybenzonitrile

/
No

==p4

NZ
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 27.1 mg of
(S)-4-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6°-dioxo-5",6-
dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-3-methoxybenzonitrile
(S-12), and 23.5 mg of (R)-4-(6-chloro-5’-(5-chloro-2-methylphenyl)-3°-
isopropyl-2,6°’-dioxo-5’,6’-dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl
)-3-methoxybenzonitrile (R-12). MS (ESI): mass calcd. for C27H22CI2NeO4 564.1, m/z found

565.3[M+H]*. 'H-NMR (400MHz, DMSO-ds) § 7.73 (s, 1H), 7.68-7.62 (m, 1H), 7.60-7.46 (m,
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2H), 7.16-7.09 (m, 2H), 7.01-6.97 (m, 2H), 4.06-4.03 (m, 1H), 3.87 (s, 3H), 2.22 (s, 3H), 1.07 (d,

3H, J =6.4Hz), 0.64 (d, 3H, J =6.4Hz).

Example 13
3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6°-dioxo-5’,6’-dihydro-3’H-spiro[

dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxybenzonitrile

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 10.1 mg of
(S)-3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5",6-
dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxybenzonitrile
(S-13), and 13.7 mg of (R)-3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-
isopropyl-2,6°-dioxo-5’,6’-dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl
)-4-methoxybenzonitrile (R-13). MS (ESI): mass calcd. for C3oH23CI2NsO3 571.1, m/z found
572.4 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 8.06-8.04 (m, 2H), 7.97-6.97 (m, 7H),
4.05-4.02 (m, 1H), 3.89 (s, 3H), 2.22 (s, 3H), 1.08 (d, 3H, J =6.4Hz), 0.65 (d, 3H, J =6.4Hz).
Example 14

6-chloro-5-(3-chloro-2-fluorophenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3°H-
spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione

Cl
o 17 < N

N7 N Cl
\O/RN / )g ﬂ

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 549 mg of
(S)-6-chloro-5’-(3-chloro-2-fluorophenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-

3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-14), and
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50.8 mg of (R)-6-chloro-5’-(3-chloro-2-fluorophenyl)-2°-(2,4-
dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-
2,6’(5’H)-dione (R-14). MS (ESI): mass calcd. for Co7H21CloFNeO4 582.1, m/z found 583.5
[M+H]*. *H-NMR (400MHz, DMSO-ds) & 11.52 (brs, 1H), 8.54 (s, 1H), 7.59 (t, 1H, J =6.8Hz),
7.34 (d, 1H, J =7.6Hz), 7.23-7.14 (m, 2H), 7.03-6.98 (m, 2H), 4.20-4.13 (m, 1H), 3.99 (s, 3H),
3.95 (s, 3H), 1.12 (d, 3H, J =6.8Hz), 0.66 (d, 3H, J =6.8Hz).
Example 15
6-chloro-5’-(5-chloro-2-ethylphenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3"H-s
piro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

\O/ll\N l )Ng E :

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 175 mg of
(S)-6-chloro-5’-(5-chloro-2-ethylphenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-15), and
54.6 mg of (R)-6-chloro-5’-(5-chloro-2-ethylphenyl)-2’-
(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidaz
ole]-2,6°(5’H)-dione (R-15). MS (ESI): mass calcd. for C2gH26CI2NeO4 592.1, m/z found 593.2
[M+H]*. *H-NMR (400MHz, DMSO-ds) & 11.38 (brs, 1H), 8.53 (d, 1H, J =6.8Hz), 7.58-7.09 (m,
5H), 7.07-6.95 (m, 1H), 4.17-4.14 (m, 1H), 3.99 (s, 3H), 3.95 (s, 3H), 2.57-2.48 (m, 2H),
1.14-1.02 (m, 6H), 0.67 (d, 3H, J =6.0Hz).

Example 16
6-chloro-5’-(5-chloro-1-methyl-2-0xo-1,2-dihydropyridin-3-yl)-2’-(2,4-dimethoxypyrimidi
n-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 6.3 mg of
(S)-6-chloro-5’-(5-chloro-1-methyl-2-oxo0-1,2-dihydropyridin-3-yl)-2°-
(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidaz
ole]-2,6’(5’H)-dione (S-16), and 8.1 mg of
(R)-6-chloro-5’-(5-chloro-1-methyl-2-ox0-1,2-dihydropyridin-3-yl)-2°-(2,4-dimethoxypyrimidin
-5-yI)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
(R-16). MS (ESI): mass calcd. for Cz6H21CI2N7Os 581.1, m/z found 582.1[M+H]". *H-NMR
(400MHz, DMSO-ds) & 11.30 (brs, 1H), 8.51 (s, 1H), 7.97 (d, 1H, J =2.4Hz), 7.31 (d, 1H, J=2.4),
7.21 (d, 1H, J=8.0), 7.04 (d, 1H, J=8.0), 6.99 (s, 1H), 4.13-4.08 (m, 1H), 3.99 (s, 3H), 3.94 (s,
3H), 1.35 (s, 3H), 1.11 (d, 3H, J =6.8Hz), 0.62 (d, 3H, J=8.0).

Example 17
6-chloro-5’-(5-chloro-2-methoxyphenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’
H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

(0] /0
o—
N T N@
/0/<\N Y/ NG cl
/K N Cl

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 151 mg of
(S)-6-chloro-5’-(5-chloro-2-methoxyphenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H
-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-17), and 14.6 mg of
(R)-6-chloro-5’-(5-chloro-2-methoxyphenyl)-2°-(2,4-
dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-
2,6’(5’H)-dione (R-17). MS (ESI): mass calcd. for CzsH24CIoNeOs 594.1, m/z found
595.2[M+H]*. 'H-NMR (400MHz, DMSO-de) & 8.49 (s, 1H), 7.30-7.28 (m, 1H), 7.10 (s, 1H),
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7.43-7.22 (m, 3H), 7.98-6.96 (m, 2H), 6.75-6.74 (m, 2H), 4.08-4.03 (m, 1H), 3.98 (s, 3H), 3.94

(s, 3H), 3.63(s, 3H), 1.12 (d, 3H, J =6.4Hz), 0.65 (d, 3H, J =6.4Hz).

Example 18
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxypyridin-3-yl)-3’H-spiro[

dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 23.7 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxypyridin
-3-y)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-18), and 30.9
mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-
(4-methoxypyridin-3-yl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione
(R-18). MS (ESI): mass calcd. for CasH23CI2NsO3 547.1, m/z found 548.3 [M+H]". *H-NMR
(400MHz, DMSO-ds) & 8.64 (d, 1H, J =5.6Hz), 8.50 (d, 1H, J =6.0Hz), 7.56-6.94 (m, 7H),
4.07-4.04 (m, 1H), 3.89 (s, 3H), 2.20 (s, 3H), 1.09 (d, 3H, J =7.2Hz), 0.66 (d, 3H, J =7.2H2).
Example 19

6-chloro-5-(5-chloro-2-methylphenyl)-3°-isopropyl-2’-(2-isopropyl-5-methoxyphenyl)-3"H
-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

~0
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 243 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2°-(2-isopropyl-5-
methoxyphenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-19),
and 24.6 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’
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-isopropyl-2’-(2-isopropyl-5-methoxyphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imida
zole]-2,6°(5’H)-dione (R-19). MS (ESI): mass calcd. for C32H30Cl2N4O3 588.2, m/z found 589.2
[M+H]*. *H-NMR (400MHz, DMSO-ds) 8, 7.59-6.89 (m, 9H), 4.06-4.03 (m, 1H), 3.83 (s, 3H),
2.63-2.59 (M, 1H), 2.22 (s, 3H), 1.23-1.15 (m, 6H), 0.83 (d, 3H, J =6.8Hz), 0.65(d.3H, J=6.8Hz).
Example 20
6-chloro-5’-(3-chloro-4-methylphenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H
-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N~ N
AN NS , 0
0" °N )\

Title compounds were obtained by steps similar to those in Example 1, and supercritical

TZ

high-pressure preparative chromatography was performed to obtain 24.0 mg of
(S)-6-chloro-5’-(3-chloro-4-methylphenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-20),
and 27.9 mg of (R)-6-chloro-5’-(3-chloro-4-methylphenyl)-2°-(2,4-
dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-
2,6’(5’H)-dione (R-20). MS (ESI): mass calcd. for CzsH24CIloNgOs 578.1, m/z found 579.4
[M+H]*.'H-NMR (400MHz, DMSO-ds) & 8.51 (s, 1H), 7.96 (brs, 1H), 7.94 (d, 1H, J =4.8Hz),
7.47 (d, 1H, J =8.0Hz), 7.30 (d, 1H, J =8.0Hz), 7.15 (dd, 1H, J'=8.0Hz, J 2=1.6Hz), 7.08-7.01(m,
1H), 6.87 (d, 1H, J =8.0Hz), 4.18-4.13 (m, 1H), 3.99 (s, 3H), 3.94 (s, 3H), 2.26 (s, 3H), 1.11 (d,
3H, J =6.8Hz), 0.65 (d, 3H, J =6.8Hz).
Example 21
3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6°’-dioxo-5’,6’-dihydro-3"H-spiro[
dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxy-N-methylbenzamide
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 26.4 mg of
(S)-3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5",6-
dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxy-N-methylbenz
amide (S-21), and 30.3 mg of (R)-3-(6-chloro-5’-(5-chloro-2-
methylphenyl)-3’-isopropyl-2,6’-dioxo-5,6’-dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-
d]imidazole]-2’-yl)-4-methoxy-N-methylbenzamide (R-21). MS (ESI): mass calcd. for
C31H27CIaNs04, 603.1 m/z found 604.1 [M+H]*. *H-NMR (400MHz, DMSO-ds) & 8.46 (d, 1H, J
= 4.0 Hz), 8.08-8.06 (m, 1H), 7.96 (s, 1H), 7.55 -6.99 (m, 6H), 4.08-4.04 (m, 1H), 3.86 (s, 3H),
2.77 (d, 3H, J = 4.0 Hz), 2.23 (s, 3H), 1.07 (d, 3H, J = 6.0 Hz), 0.65 (d, 3H, J = 6.0 Hz).
Example 22

3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5",6’-dihydro-3"H-spiro[
dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxy-N,N-dimethylbenzamide

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 269 mg of
(S)-3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5",6-
dihydro-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxy-N,N-dimethy!
benzamide (S-22), and 29.5 mg of (R)-3-(6-chloro-5’-(5-chloro-2-
methylphenyl)-3’-isopropyl-2,6’-dioxo-5,6’-dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-
d]imidazole]-2’-yl)-4-methoxy-N,N-dimethylbenzamide (R-22). MS (ESI): mass calcd. for
Ca1H27C12Ns04, 617.1 m/z found 618.1 [M+H]*. *H-NMR (400MHz, DMSO-ds) & 7.66-6.97 (m,
9H), 4.09-4.06 (m, 1H), 3.85 (s, 3H), 2.98 (s, 6H), 2.22 (s, 3H), 1.08 (s, 3H), 0.65 (s, 3H).
Example 23

6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4-(dimethylamino)-2-methoxyphenyl)-3’-isopro
pyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 23.2 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4-(dimethylamino)-2-
methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-
dione (S-23), and 22.3 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)
-2’-(4-(dimethylamino)-2-methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,
4-d]imidazole]-2,6’(5’H)-dione (R-23). MS (ESI): mass calcd. for C31H29CI2NsO3 589.2, m/z
found 590.2 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.50 (brs, 1H), 7.51-6.38 (m, 9H),
4.12-4.09 (m, 1H), 3.77 (s, 3H), 3.00 (s, 6H), 2.22 (s, 3H), 1.06 (d, 3H, J =6.8Hz), 0.62 (d, 3H, J
=6.8Hz).

Example 24
6-chloro-5’-(5-chloro-2-methylphenyl)-3°-isopropyl-2’-(2-methoxy-4-methylphenyl)-3°H-s
piro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 36.0 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-methoxy-4-
methylphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (S-24),
and 26.2 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3°-
isopropyl-2’-(2-methoxy-4-methylphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazol
e]-2,6’(5’H)-dione (R-24). MS (ESI): mass calcd. for CsoH26CI2N4Os 560.1, m/z found
561.1[M+H]". 'H-NMR (400MHz, DMSO-ds) & 7.54-6.91 (m, 9H), 4.08-4.04 (m, 1H), 3.77 (s,
3H), 2.39 (s, 3H), 2.22 (s, 3H), 1.06 (d, 3H, J =6.0Hz), 0.63 (d, 3H, J =6.0Hz).

Example 25
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6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-methoxy-4-(methylamine)phenyl
)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

3. 2
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N
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Title compounds were obtained by steps similar to those in Example 1, and supercritical

Cl

N
H

high-pressure  preparative chromatography was performed to obtain 9.0 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-methoxy-4-
(methylamine)phenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
(S-25), and 11.6 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)
-3’-isopropyl-2’-(2-methoxy-4-(methylamine)phenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-
d]imidazole]-2,6’(5’H)-dione (R-25). MS (ESI): mass calcd. for CzoH27CI2NsO3 575.2, m/z
found 576.2 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.69 (brs, 1H), 7.55-6.22 (m, 9H),
4.13-4.09 (m, 1H), 3.72 (s, 3H), 2.74 (s,3H), 2.22(s, 3H) 1.05 (d, 3H, J =5.2Hz), 0.60 (d, 3H, J
=5.2Hz).
Example 26
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-3’-ethyl-3"H-spir
o[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

\ O
o)
N N@
o NS Cl
/ N— __/ \
N Cl
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 26.2 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-
3’-ethyl-3"H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (S-26), and
28.3 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-
(2,4-dimethoxypyrimidin-5-yl)-3°-ethyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]
imidazole]-2,6°(5’H)-dione (R-26). MS (ESI): mass calcd. for C27H22CI2NeO4 564.1, m/z found

565.1[M+H]*. *H-NMR (400MHz, DMSO-ds) & 8.54 (d, 1H, J =6.0Hz), 7.64-6.95 (m, 6H), 3.99
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(s, 3H), 3.95(s, 3H), 3.58-3.50 (m, 1H), 2.25 (s, 3H), 1.17 (d, 3H, J =6.0Hz), 0.85 (d, 3H, J

=6.0Hz).

Example 27
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxypyrimidin-5-yl)-3°H-spi

ro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 2.2 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2°-(4-
methoxypyrimidin-5-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
(S-27), and 3.6 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxypyrimidin-5-yl)-3’H-spir
o[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-27). MS (ESI): mass calcd.
for C27H22Cl2NsO3 548.1, m/z found 549.4 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.19 (brs,
1H), 8.99 (s, 1H), 8.76 (d, 1H, J =7.2Hz), 7.57-6.98 (m, 6H), 4.19-4.12 (m, 1H), 4.00 (s, 3H),
2.22 (s, 3H), 1.11 (d, 3H, J =6.8Hz), 0.68 (d, 3H, J =6.8Hz).

Example 28
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-cyclopropane-2’-(2,4-dimethoxypyrimidin-5-yl)-
3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 102 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-cyclopropane-2°-(2,4-
dimethoxypyrimidin-5-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dio

ne (S-28), and 11.0 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3°
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-cyclopropane-2’-(2,4-dimethoxypyrimidin-5-yl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]im
idazole]-2,6’(5’H)-dione (R-28). MS (ESI): mass calcd. for C2sH22CI2NeOs 576.1, m/z found
577.1[M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.58 (brs, 1H), 8.55 (d, 1H, J =4.0Hz),
7.56-6.97 (m, 6H), 3.99 (s, 3H), 3.96 (s, 3H), 3.01-3.00 (m, 1H), 2.23 (s, 3H), 0.85-0.47 (m, 4H).
Example 29
3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5’,6’-dihydro-3’H-spiro[
dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxybenzamide

0~ "NH2

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 6.1 mg of
(S)-3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5",6-
dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxybenzamide
(S-29), and 6.6 mg of (R)-3-(6-chloro-5’-(5-chloro-2-methylphenyl)-
3’-isopropyl-2,6’-dioxo-5’,6’-dihydro-3"H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’
-yl)-4-methoxybenzamide (R-29). MS (ESI): mass calcd. for C3oH2sCI2NsO4 589.1, m/z found
590.4 [M+H]*. 'H-NMR (400MHz, DMSO-de) & 8.08 (d, 1H, J =6.8Hz), 7.98 (brs, 2H),
7.37-6.52 (m, 8H), 4.02-3.96 (m, 1H), 3.84 (s, 3H), 2.26 (s, 3H), 1.10 (d, 3H, J =7.2Hz), 0.66 (d,
3H, J =7.2Hz).

Example 30
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-(difluoromethoxy)phenyl)-3’-isopropyl-3’H-s
piro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 36.0 mg of
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(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-(difluoromethoxy)phenyl)-3°
-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-30), and
36.8 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-
(2-(difluoromethoxy)phenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole
1-2,6’(5’H)-dione (R-30). MS (ESI): mass calcd. for C29H22Cl2F2N4O3 582.1, m/z found 583.4
[M+H]*. *H-NMR (400MHz, DMSO-ds) & 11.55 (brs, 1H), 7.69-6.96 (m, 10H), 4.08-4.07 (m,
1H), 2.22 (s, 3H), 1.08 (d, 3H, J =6.0Hz), 0.67 (d, 3H, J =6.4Hz).
Example 31
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-(trifluoromethoxy)phenyl)-3°H-s
piro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 199 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-
(trifluoromethoxy)phenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dio
ne (S-31), and 18.9 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3°-
isopropyl-2’-(2-(trifluoromethoxy)phenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazol
e]-2,6’(5’H)-dione (R-31). MS (ESI): mass calcd. for C29H21Cl2F3sN4O3z 600.1, m/z found 601.4
[M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.54 (brs, 1H), 7.77-6.96 (m, 10H), 4.10-4.03 (m,
1H), 2.22 (s, 3H), 1.09 (d, 3H, J =7.2Hz), 0.70 (d, 3H, J =6.4Hz).

Example 32
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-isopropyl-2-methoxyphenyl)-3’H
-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
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high-pressure preparative chromatography was performed to obtain 27.7 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-isopropyl-2-
methoxyphenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-32),
and 33.9 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-
3’-isopropyl-2’-(4-isopropyl-2-methoxyphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imi
dazole]-2,6’(5’H)-dione (R-32). MS (ESI): mass calcd. for C32H30CI2N4O3 588.2, m/z found
589.2 [M+H]*. H-NMR (400MHz, DMSO-dg) & 11.71 (brs, 1H), 7.56-6.48 (m, 9H), 4.08-4.05
(m, 1H), 3.79 (s, 3H), 3.01-2.94 (m, 1H), 2.22(s, 3H) 1.27-1.23 (m, 6H), 1.07 (d, 3H, J =6.8Hz),
0.63(d, 3H, J=6.8Hz).
Example 33
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-ethyl-2-methoxyphenyl)-3’-isopropyl-3’H-spi
ro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

o 17\
e

Title compounds were obtained by steps similar to those in Example 1, and supercritical

high-pressure preparative chromatography was performed to obtain 21.8 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-ethyl-2-methoxyphenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-33), and
20.5 mg of (R)-6-chloro-5-(5-chloro-2-methylphenyl)-2’
-(4-ethyl-2-methoxyphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]
-2,6’(5’H)-dione (R-33). MS (ESI): mass calcd. for CsiH2sCloN4Os 574.2, m/z found 575.2
[M+H]*. *H-NMR (400MHz, DMSO-ds) & 11.70 (brs, 1H), 7.55-6.50 (m, 9H), 4.08-4.04 (m, 1H),
3.78 (s, 3H), 2.72-2.50 (m, 2H), 2.22 (s, 3H), 1.27-1.06 (m, 3H), 1.06 (d, 3H, J =6.4Hz), 0.63(d,
3H, J=6.4Hz).
Example 34
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-isopropoxyphenyl)-3’-isopropyl-3’H-spiro[dih
ydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

57



10

15

20

25

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 18.8 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-isopropoxyphenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-34), and
21.1 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-
2’-(2-isopropoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,
6’(5’H)-dione (R-34). MS (ESI): mass calcd. for C31H2sCl2N4O3 574.2, m/z found 575.4 [M+H]".
IH-NMR (400MHz, DMSO-ds) & 11.67 (brs, 1H), 7.54-6.95 (m, 10H), 4.65-4.62 (m, 1H),
4.12-4.08 (m, 1H), 2.22 (s, 3H), 1.18(m, 6H), 1.07 (d, 3H, J =7.2Hz), 0.65 (d, 3H, J =6.4Hz).
Example 35

6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-ethoxyphenyl)-3’-isopropyl-3°H-spiro[dihydr
oindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 159 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-ethoxyphenyl)-3’-isopropyl-
3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-35), and 23.0 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-ethoxyphenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (R-35). MS
(ESI): mass calcd. for CsoH26CI2N4Os 560.1, m/z found 561.5 [M+H]*. *H-NMR (400MHz,
DMSO-ds) 5 11.68(brs, 1H), 7.55-6.95 (m, 10H), 4.09-4.08 (m, 3H), 2.22 (s, 3H), 1.24 (t, 3H, J
=6.0Hz), 1.07 (d, 3H, J =6.8Hz), 0.65 (d, 3H, J =6.8Hz).

Example 36

6-chloro-5-(3-chlorophenyl)-2°-(2,4-dimethoxyphenyl)-3’-isopropyl-3°H-spiro[dihydroind
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Title compounds were obtained by steps similar to those in Example 1, and supercritical

high-pressure preparative chromatography was performed to obtain 29.1 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2°-(2,4-dimethoxyphenyl)-3’-isopropyl-3°H-
spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-36), and 36.6 mg of
(R)-6-chloro-5’-(3-chlorophenyl)-2’-(2,4-dimethoxyphenyl)-3’-isopropyl-3°H-
spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-36). MS (ESI): mass
calcd. for CaoH24C12N4O4 562.1, m/z found 563.1[M+H]*. H-NMR (400MHz, DMSO-ds)
87.47-7.45 (m, 1H), 7.38-7.36 (m, 3H), 7.13-7.12 (m, 2H), 7.02 (s, 1H), 6.97 (d, 1H, J=7.2Hz),
6.72-6.67 (M, 2H), 4.11-4.00 (m, 1H), 3.84 (s, 3H), 3.77 (s, 3H), 1.10 (d, 3H, J=5.2Hz), 0.60 (d,
3H, J=5.2H2).
Example 37
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(5-ethyl-2-methoxyphenyl)-3’-isopropyl-3’H-spi
ro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 215 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(5-ethyl-2-methoxyphenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-37), and
32.4 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(5-ethyl-2-
methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-
dione (R-37). MS (ESI): mass calcd. for CziH2sCl2N4O3z 574.1, m/z found 575.2 [M+H]".
IH-NMR (400MHz, DMSO-ds) 6 7.70-6.98 (m, 9H), 4.08-4.05 (m, 1H), 3.76 (s, 3H), 2.64-2.60
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(m, 2H), 2.22 (s, 3H), 1.23-1.17 (m, 3H), 1.07 (d, 3H, J=5.2Hz), 0.63 (d, 3H, J=5.2Hz).

Example 38
6-chloro-5-(3-chlorophenyl)-2’-(5-ethyl-2-methoxyphenyl)-3’-isopropyl-3°H-spiro[dihydr

oindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 181 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(5-ethyl-2-methoxyphenyl)-3’-isopropyl-
3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-38), and 23.1 mg of
(R)-6-chloro-5’-(3-chlorophenyl)-2’-(5-ethyl-2-methoxyphenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (R-38). MS
(ESI): mass calcd. for CsoH26Cl2N4Os 560.1, m/z found 561.1 [M+H]*. *H-NMR (400MHz,
DMSO-ds) 5 11.52 (brs, 1H), 7.48 (d, 1H, J =8.0Hz), 7.39-7.32 (m, 3H), 7.15-7.10 (m, 3H), 7.01
(s, 1H), 6.98-6.96 (d, 1H, J =7.2Hz), 4.10-4.04 (m, 1H), 3.75 (s, 3H), 2.64 (q, 2H, J =7.2Hz),
1.24 (t, 3H, J=7.2Hz), 1.10 (d, 3H, J=5.2Hz), 0.61 (d, 3H, J=5.2Hz).

Example 39
6-chloro-5-(5-chloro-1-methyl-2-oxo-1,2-dihydropyridin-3-yl)-2°-(2,4-dimethoxyphenyl)-
3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical

high-pressure preparative chromatography was performed to obtain 80 mg of
(S)-6-chloro-5’-(5-chloro-1-methyl-2-o0x0-1,2-dihydropyridin-3-yl)-2°-(2,4-

dimethoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H
)-dione  (S-39), and 127 mg of  (R)-6-chloro-5’-(5-chloro-1-methyl-2-oxo-
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1,2-dihydropyridin-3-yl)-2’-(2,4-dimethoxyphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-p
yrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-39). MS (ESI): mass calcd. for CogH24C12N4O4 593.1,
m/z found 594.3 [M+H]*. *H-NMR (400MHz, DMSO-ds) & 11.44 (brs, 1H), 7.96 (d, 1H, J
=2.4Hz), 7.33-7.31 (m, 2H), 7.22 (d, 1H, J = 8.0Hz), 7.04 (d, 1H, J = 8.0Hz), 6.98 (s, 1H),
6.70-6.66 (M, 2H), 4.07-4.01 (m, 1H), 3.84 (s, 3H), 3.77 (s, 3H), 2.98 (m, 1H), 1.08 (d, 3H, J
=6.4Hz), 0.58 (d, 3H, J =6.4Hz).
Example 40
6-chloro-5-(5-chloro-2-methylphenyl)-2°-(2,5-dimethoxypyridin-4-yl)-3’-isopropyl-3’H-sp
iro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 20.2 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2,5-dimethoxypyridin-4-yl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-40), and
28.2 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2,5-
dimethoxypyridin-4-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (R-40). MS (ESI): mass calcd. for C29H25CI2Ns04 577.1, m/z found 578.3 [M+H]".
IH-NMR (400MHz, DMSO-ds) 6 11.62 (brs, 1H), 8.10 (s, 1H), 7.56-6.95 (m, 7H), 4.11-4.10 (m,
1H), 3.86 (s, 3H), 3.83 (s, 3H), 2.21 (s, 3H), 1.10 (d, 3H, J =6.4Hz), 0.66 (d, 3H, J =6.4Hz).
Example 41

6-chloro-5-(5-chloro-2-methylphenyl)-3’-cyclobutyl-2’-(2,4-dimethoxypyrimidin-5-yl)-3’
H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 235 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-cyclobutyl-2’-(2,4-
dimethoxypyrimidin-5-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dio
ne (S-41), and 23.3 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-
3’-cyclobutyl-2’-(2,4-dimethoxypyrimidin-5-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imi
dazole]-2,6’(5’H)-dione (R-41). MS (ESI): mass calcd. for Cz9H24Cl2NsO4 590.1, m/z found
591.1 [M+H]*. 'H-NMR (300MHz, DMSO-ds) & 11.38 (brs, 1H), 8.49 (d, 1H, J =5.4Hz),
7.56-7.47 (m, 1H), 7.45-6.45 (m, 5H), 4.47-4.43 (m, 1H), 3.98-3.94 (m, 6H), 2.21 (s, 3H),
2.01-1.71 (m, 3H), 1.61-1.31 (m, 2H), 1.30-1.29 (m, 1H).

Example 42
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 83 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(2,4-dimethoxypyrimidin-
5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
(S-42), and 8.9 mg of (R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)
-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imi
dazole]-2,6’(5’H)-dione (R-42). MS (ESI): mass calcd. for Co7H23CI2N7O4 579.1, m/z found
580.1 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 8.53-8.46 (m, 2H), 7.61-6.96 (m, 4H),
4.17-4.13 (m, 1H), 3.98 (s, 3H), 3.94 (s, 3H), 2.40 (s, 1H), 0.84 (d, 3H, J =6.8Hz), 0.66 (d, 3H, J
=6.8Hz).

Example 43
6-chloro-5’-(5-chloro-1-methyl-2-oxo-1,2-dihydropyridin-3-yl)-3’-isopropyl-2’-(2-methoxy
phenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 26.2 mg of
(S)-6-chloro-5’-(5-chloro-1-methyl-2-oxo0-1,2-dihydropyridin-3-yl)-3°-
isopropyl-2’-(2-methoxyphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’
H)-dione (S-43), and 28.2 mg of
(R)-6-chloro-5’-(5-chloro-1-methyl-2-oxo-1,2-dihydropyridin-3-yl)-3’-isopropyl-2’-(2-methoxy
phenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-43). MS
(ESI): mass calcd. for C2sH23CloNsOs 563.1, m/z found 564.1 [M+H]". *H-NMR (400MHz,
DMSO-ds) § 7.95 (d, 1H, J = 2.4Hz), 7.56 (t, 1H, J =7.2Hz), 7.41 (d, 1H, J = 7.2Hz), 7.31 (d, 1H,
J = 2.4Hz), 7.23-7.08 (m, 3H), 6.93 (s, 1H), 4.04-4.01 (m, 1H), 3.98 (s, 3H), 1.10 (d, 3H, J =
5.4Hz), 0.60 (d, 3H, J = 5.4Hz).

Example 44
6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3°H-
spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 154 mg of
(S)-6-chloro-5’-(5-chloro-2-fluorophenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-44), and
19.7 mg of (R)-6-chloro-5’-(5-chloro-2-fluorophenyl)-
2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imid
azole]-2,6°(5’H)-dione (R-44). MS (ESI): mass calcd. for Ca7H21CI.FNgO4 582.1, m/z found
583.2 [M+H]*. *H-NMR (400MHz, DMSO-ds) & 8.53 (s, 1H), 7.48-7.47 (m, 1H), 7.46-7.36 (m,

2H), 7.21-7.11 (m, 1H),7.10-7.06 (m, 1H),7.05-7.01 (m, 1H), 4.20-4.15 (m, 1H), 3.9 (s, 3H),
63



10

15

20

3.95 (s, 3H), 1.17 (d, 3H, J=6.8Hz), 0.66 (d, 3H, J=6.8Hz).

Example 45
6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3°H-
spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

F
o N N
A

N& N
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0O °N H
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 28.1 mg of
(S)-6-chloro-5’-(3-chloro-5-fluorophenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-45), and
29.8 mg of (R)-6-chloro-5’-(3-chloro-5-fluorophenyl)-2’
-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidaz
ole]-2,6’(5’H)-dione (R-45). MS (ESI): mass calcd. for C27H21CI2FNgO4 582.1, m/z found 583.2
[M+H]*. 'H-NMR (400MHz, DMSO-dg) & 8.51 (s, 1H), 7.49-7.39 (m, 2H), 7.38-7.14 (m, 2H),
7.07-6.85 (M, 2H), 4.19-4.14 (m, 1H), 3.99 (s, 3H), 3.94 (s, 3H), 1.12 (d, 3H, J=6.8Hz), 0.64 (d,
3H, J=6.8Hz).

Example 46
6-chloro-5-(5-chloro-2-methylphenyl)-3°-cyclopropyl-2°’-(2,4-dimethoxypyrimidin-5-yl)-3’
H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

o /N cl
/N

=z

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 50 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-cyclopropyl-2°-(2,4-
dimethoxypyrimidin-5-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dio
ne (S-46), and 10.5 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)
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-3’-cyclopropyl-2’-(2,4-dimethoxypyrimidin-5-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]i
midazole]-2,6’(5’H)-dione (R-46). MS (ESI): mass calcd. for CzoH26Cl2NsO4, 604.1 m/z found
605.1 [M+H]*. 'H-NMR (400MHz, DMSO-ds) 6 8.51 (d, 1H, J = 6.8Hz), 7.50-6.48 (m, 7H),
4.32-4.27 (m, 1H), 3.99 (s, 3H), 3.95 (s, 3H), 2.21 (s, 3H), 1.92-1.91 (m, 1H), 1.69-1.67 (m, 1H),
1.37-1.23 (m, 4H), 0.91-0.80 (m, 2H).
Example 47
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-((dimethylamino)methyl)-2-methoxyphenyl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

DYl
N N
0] 17*\
e
/N\

Title compounds were obtained by steps similar to those in Example 1, and supercritical

Cl

TZ

high-pressure  preparative chromatography was performed to obtain 9.7 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-((dimethylamino)methyl)-2-
methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-
dione (S-47), and 9.4 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-
2’-(4-((dimethylamino)methyl)-2-methoxyphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-py
rrolo[3,4-d]imidazole]-2,6’(5°H)-dione (R-47). MS (ESI): mass calcd. for C32H31CI2NsO3 603.2,
m/z found 604.4 [M+H]*. *H-NMR (400MHz, DMSO-ds) §7.42-6.73 (m, 9H), 4.07-3.98 (m, 1H),
3.77 (s, 3H), 2.14 (s, 6H), 2.08 (s, 2H), 1.08 (d, 3H, J =6.8Hz), 0.63 (d, 3H, J =6.8Hz).
Example 48
6-chloro-5’-(3-chloro-4-methoxyphenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’
H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
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high-pressure preparative chromatography was performed to obtain 324 mg of
(S)-6-chloro-5’-(3-chloro-4-methoxyphenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-48),
and 34.4 mg of (R)-6-chloro-5’-(3-chloro-4-methoxyphenyl)-
2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imid
azole]-2,6’(5’H)-dione (R-48). MS (ESI): mass calcd. for C2gH24Cl2NegOs 594.1, m/z found 595.1
[M+H]*. *H-NMR (400MHz, DMSO-ds) 6 11.57 (brs, 1H), 8.51 (s, 1H), 7.48 (d, 1H, J =8.0Hz),
7.14-7.07 (m, 3H), 6.97-6.92 (m, 2H), 4.16-4.11 (m, 1H), 3.99 (s, 3H), 3.95 (s, 3H), 3.81(s, 3H),
1.11 (d, 3H, J =6.4Hz), 0.65 (d, 3H, J =6.4Hz).
Example 49
2’-(4-amino-2-methoxyphenyl)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-3’H-sp
iro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical

Cl

N
H

high-pressure  preparative chromatography was performed to obtain 54 mg of
(S)-2’-(4-amino-2-methoxyphenyl)-6-chloro-5’-(5-chloro-2-methylphenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-49), and
17.1 mg of (R)-2’-(4-amino-2-methoxyphenyl)-6-chloro-
5’-(5-chloro-2-methylphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazol
e]-2,6’(5’H)-dione (R-49). MS (ESI): mass calcd. for C29H25CI2NsO3s, 561.1 m/z found 562.1
[M+H]*. 'H-NMR (400MHz, DMSO-dg) & 7.44-7.15 (m, 4H), 7.02-6.85 (m, 3H), 6.30 (s, 1H),
6.25 (d, 1H, J = 8.0 Hz), 5.55 (brs, 2H), 4.24-4.06 (m, 1H), 3.67 (s, 3H), 2.22 (s, 3H), 1.06 (d,
1H, J = 6.4 Hz), 0.61 (d, 1H, J = 6.4 Hz).
Example 50
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-1°-isopropyl-1"H
-spiro[dihydroindole-3,6’-pyrrolo[3,4-b]pyrrole]-2,4°(5’H)-dione
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Under nitrogen atomosphere, methyl 1H-pyrrole-3-carboxylate (25 g, 0.1998 mol) and 30
mL of anhydrous tetrahydrofuran were added to a 500 mL three-necked flask, and cooled to 0°C,
NaH (7.19 g, 0.2997 mol) was added in batches, and the resultant mixture was maintained at 0°C
to react for 30 min, slowly and dropwise added with 2-bromopropane (49.2 g, 0.3996 mol), then
naturally warmed to room temperature, and reacted overnight. The temperature was reduced to
0°C, and 20 mL of water was added dropwise for quenching, the resultant was concentrated
under reduced pressure, added with 500 mL of ethyl acetate, and washed with 500 mL of
saturated sodium carbonate aqueous solution for three times. The organic layer was dried over
anhydrous sodium sulfate, filtered, concentrated under vacuum, and separated by column
chromatography (EA:PE = 20% to 25%) to obtain 21.1 g of methyl
1-isopropyl-1H-pyrrole-3-carboxylate (yield 63.2%, yellow oil). MS (ESI): mass calcd. for
CoH13NO2 167.1, m/z found 168.2[M+H]".

Step 2 Preparation of methyl 5-bromo-1-isopropyl-1H-pyrrole-3-carboxylate

A/
0
i
Br

N

A

Under nitrogen atomosphere, methyl 1-isopropyl-1H-pyrrole-3-carboxylate (5.0 g, 0.02994
mol) and 30 mL of anhydrous tetrahydrofuran were added to a 100 mL three-necked flask, and
cooled to 0°C, and NBS (5.06 g, 0.0284 mol) was added in batches, the resultant was naturally
warmed to room temperature to react overnight, concentrated under vacuum, added with 50 mL

of ethyl acetate, then washed with 50 mL of saturated sodium carbonate aqueous solution for
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three times, the organic layer was dried over anhydrous sodium sulfate, and separated by column
chromatography (EA'PE = 5% to 25%) to obtain 58 g of methyl
5-bromo-1-isopropyl-1H-pyrrole-3- carboxylate (93% vyield, yellow oil). MS (ESI): mass calcd.
for CoH12BrNO- 245.0, m/z found 246.1[M+H]".

Step 3: Preparation of methyl
5-bromo-2-(6-chloro-3-hydroxy-2-oxoindol-3-yl)-1-isopropyl-1H-pyrrole-3-carboxylate

0 /
(0]
Br N

JCa

Under nitrogen atomosphere, methyl 5-bromo-1-isopropyl-1H-pyrrole-3-carboxylate (4.8 g,
0.0196 mol) and 20 mL of anhydrous tetrahydrofuran were added to a 100 mL three-necked flask,
and cooled to -78°C. LDA (39.2 ml, 2 M) was slowly added dropwise, and the resultant was
maintained at -50°C to react for 1.5 h after completion of the dropwise addition. Then
6-chloroindolin-2,3-dione (3.546 ¢, 19.6 mmol) was dissolved in 10 mL of anhydrous
tetrahydrofuran, and slowly added dropwise into the reaction flask, the resultant was maintained
at -50°C to react for 1 h. 10 mL of saturated ammonium chloride aqueous solution was added
dropwise to the reaction flask, the resultant was concentrated under vacuum, added with 100 mL
of ethyl acetat and washed once with 50 mL of saturated sodium chloride aqueous solution. The
organic layer was dried over anhydrous sodium sulfate, filtered, concentrated and separated by
column chromatography (EA:PE = 1:10 to 1:2) to obtain 1.2 g of methyl
5-bromo-2-(6-chloro-3-hydroxy-2-oxoindol-3-yl)-1-isopropyl-1H-pyrrole-3-carboxylate  (yield
20%, yellow solid). MS (ESI): mass calcd. for Ci17H1sBrCIN204 426.0, m/z found 409.0
[M+H-18]".

Step 4: Preparation of
5-bromo-N-(5-chloro-2-methylphenyl)-2-(6-chloro-3-hydroxy-2-oxoindolin-3-yl)-1-isopropyl-1
H-pyrrole-3-amide

68



10

15

20

Cl

(0]
NH
\Ho o
Br N

b
Ir=z

Under nitrogen atomosphere, 5-chloro-2-methylaniline (450 mg, 3.169 mmol) and
anhydrous toluene (5 mL) were added to a 50 mL reaction flask, the temperature was reduced to
0°C, and AIMes (1.826 g, 25% w/w) was slowly added. Then, methyl
5-bromo-2-(6-chloro-3-hydroxy-2-oxoindol-3-yl)-1-isopropyl-1H-pyrrole-3-carboxylate (675
mg, 1.585 mmol) was dissolved in 5 mL of toluene, and slowly added dropwise into the reaction
flask. The resultant mixture was warmed to 90°C to react overnight, then cooled to room
temperature, added with 20 mL of ice water and 15 mL of saturated aqueous solution of sodium
potassium tartrate, then extracted with 50 mL of dichloromethane for two times. The organic
phases were combined, washed once with 30 mL of saturated sodium chloride aqueous solution,
dried over anhydrous sodium sulfate, filtered, concentrated, and separated by a preparative plate
to obtain 795 mg of
5-bromo-N-(5-chloro-2-methylphenyl)-2-(6-chloro-3-hydroxy-2-oxoindolin-3-yl)-1-
isopropyl-1H-pyrrole-3-amide (94% vyield, yellow solid). MS (ESI): mass calcd. for
C23H20BrCI2N303 535.0, m/z found 518.0 [M+H-18]".

Step 5: Preparation of 2’-bromo-6-chloro-5’-(5-chloro-2-methylphenyl)-1°
-isopropyl-1"H-spiro[dihydroindole-3,6’-pyrrolo[3,4-b]pyrrole]-2,4’(5°H)-dione

N cl
N
\ No” N
Br H
5-bromo-N-(5-chloro-2-methylphenyl)-2-(6-chloro-3-hydroxy-2-oxoindolin-3-yl)-1-isoprop
yl-1H-pyrrole-3-amide (1155 mg, 2.155 mmol), H>SO4 (2.112 g, 21.55 mmol) and acetic acid
(10 mL) were added to a 50 mL reaction flask, and the temperature was raised to 110°C for

overnight reaction, then the temperature was naturally lowered to room temperature, and 20 mL

of ice water was added. The pH value was adjusted to about 7 with saturated sodium carbonate
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aqueous solution, and the resultant was extracted with 50 mL of dichloromethane for two times.
The organic layers were combined, washed once with 20 mL of saturated sodium chloride
aqueous solution, dried over anhydrous sodium sulfate, filtered, concentrated, and separated by
column chromatography (EA:PE = 25%) to obtain 150 mg of
2’-bromo-6-chloro-5’-(5-chloro-2-methylphenyl)-1’-isopropyl-1’H-spiro[dihydroindole-3,6’-pyr
rolo[3,4-b]pyrrole]-2,4’(5’H)-dione (13.5% vyield, yellow solid). MS (ESI): mass calcd. for
C23H18BrCI2N302 517.0, m/z found 518.0 [M+H]".

Step 6: Preparation of 6-chloro-5’-(5-chloro-2-methylphenyl)-2°-
(2,4-dimethoxypyrimidin-5-yl)-1’-isopropyl-1"H-spiro[dihydroindole-3,6-pyrrolo[3,4-b]pyrrole
]-2,4’(5’H)-dione

0O

Under nitrogen atomosphere, 2’-bromo-6-chloro-5’-(5-chloro-2-methylphenyl)
-1’-isopropyl-1’H-spiro[dihydroindole-3,6’-pyrrolo[3,4-b]pyrrole]-2,4’(5’H)-dione (100 mg,
0.1934 mmol), (2,4-dimethoxypyrimidin-5-yl)boronic acid (36 mg, 0.1934 mmol), Pd(PPh3)s (45
mg, 0.0387 mmol), Na,CO3 (62 mg, 0.5802 mmol), dioxane (4 mL) and H20 (1 ml) were added
into a microwave reaction flask, and the temperature was raised to 100°C to perform a
microwave reaction for 1 h. The resultant was cooled to room temperature, filtered, added with
10 mL of water, and extracted with 10 mL of dichloromethane for three times. The organic layers
were combined, washed once with 10 mL of saturated sodium chloride aqueous solution, dried
over anhydrous sodium sulfate, filtered, concentrated, and separated by a preparative plate, and
then subjected to supercritical high-pressure preparative liquid phase separation to obtain 6.2 mg
of (S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,4-dimethoxypyrimidin-5
-yl)-1’-isopropyl-1’H-spiro[dihydroindole-3,6’-pyrrolo[3,4-b]pyrrole]-2,4°(5’H)-dione  (S-50);
and 7.8 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-
(2,4-dimethoxypyrimidin-5-yl)-1’-isopropyl-1°H-spiro[dihydroindole-3,6’-pyrrolo[3,4-b]pyrrole

1-2,4°(5’H)-dione (R-50). MS (ESI): mass calcd. for CogH25C12NsO4 577.1, m/z found 578.1
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[M+H]*. 'H-NMR (400MHz, DMSO-ds) & 9.51 (d, 1H, J = 8.0Hz), 7.62-6.55 (m, 8H), 4.07 (s,

3H), 3.94 (s, 3H), 3.62-3.48 (m, 1H), 2.25 (s, 3H), 1.29 (d, 3H, J = 6.4Hz), 1.09 (d, 3H, J =

6.4Hz).

Example 51
6-chloro-5’-(3-chloro-5-methylphenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H

-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those described in Example 1, and
supercritical high-pressure preparative chromatography was performed to obtain 18.9 mg of
(S)-6-chloro-5’-(3-chloro-5-methylphenyl)-2’-(2,4-dimethoxypyrimidin-
5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
(S-51), and 18.4 mg of (R)-6-chloro-5’-(3-chloro-5-methylphenyl)-
2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imid
azole]-2,6°(5’H)-dione (R-51). MS (ESI): mass calcd. for : C2gH24Cl2NsO4, 579.4 m/z found
580.2 [M+H]*. 'H-NMR (400MHz, DMSO-ds) 6 11.60 (brs, 1H), 8.51 (s, 1H), 7.46 (d, 1H, J
=8.0Hz), 7.18-7.13 (m, 2H), 7.02 (s, 1H), 6.89 (s, 1H), 6.80 (s, 1H), 4.18-4.11 (m, 1H), 3.99 (s,
3H), 3.94 (s, 3H), 2.20 (s, 3H),1.12 (d, 3H, J =6.8Hz), 0.64 (d, 3H, J =6.8Hz).

Example 52
6-chloro-5-(5-chloro-1-methyl-6-0xo-1,6-dihydropyridin-3-yl)-2’-(2,4-dimethoxyphenyl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

N
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
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high-pressure preparative chromatography was performed to obtain 17.2 mg of
(S)-6-chloro-5’-(5-chloro-1-methyl-6-0x0-1,6-dihydropyridin-3-yl)-2°-(2,4-
dimethoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H
)-dione (S-52), and 14.7 mg of
(R)-6-chloro-5’-(5-chloro-1-methyl-6-0xo0-1,6-dihydropyridin-3-yl)-2°-(2,4-dimethoxyphenyl)-3
’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-52). MS
(ESI): mass calcd. for CaoH2s5ClNsOs 593.1, m/z found 594.3[M+H]*. 'H-NMR (400MHz,
DMSO-dg) & 11.51 (s, 1H), 7.55-7.51(m, 2H), 7.49-7.27 (m, 2H), 7.18-7.14 (m, 1H), 7.02 (s, 1H),
6.71-6.66 (m, 2H), 4.07-4.02 (m, 1H), 3.84 (s, 3H), 3.77 (s, 3H), 3.32 (s, 3H), 1.07(d, 3H,
J=6.8Hz),0.62 (d, 3H, J=6.8Hz).
Example 53
6-chloro-5’-(5-chloro-1-methyl-6-0xo-1,6-dihydropyridin-3-yl)-3’-isopropyl-2’-(2-methoxy
phenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

o 17\
O e

Title compounds were obtained by steps similar to those in Example 1, and supercritical

high-pressure preparative chromatography was performed to obtain 183 mg of
(S)-6-chloro-5’-(5-chloro-1-methyl-6-o0xo0-1,6-dihydropyridin-3-yl)-3°-
isopropyl-2’-(2-methoxyphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6(5’
H)-dione (S-53), and 18.2 mg of (R)-6-chloro-
5’-(5-chloro-1-methyl-6-oxo-1,6-dihydropyridin-3-yl)-3’-isopropyl-2’-(2-methoxyphenyl)-3"H-s
piro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-53). MS (ESI): mass calcd.
for C2sH23CI2Ns04 564.1, m/z found 565.3[M+H]*. tH-NMR (400MHz, DMSO-ds) & 11.49 (brs,
1H), 7.57-7.52 (m, 3H), 7.52-7.48 (m, 2H), 7.21-7.19 (m, 2H), 7.16-7.12 (m, 1H), 7.10-7.02 (m,
1H), 4.07-4.02 (m, 1H), 3.78(s,3H), 3.49 (s, 3H), 1.08 (d, 3H, J=6.8Hz), 0.62(d, 3H, J=6.8Hz).
Example 54
4-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6°-dioxo-5,6’-dihydro-3"H-spiro[
dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-3-methoxy-N-methylbenzamide
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 75 mg of
(S)-4-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-
5°,6’-dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-3-methoxy-N-methy
Ibenzamide (S-54), and 8.8 mg of (R)-4-(6-chloro-5°-
(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5",6’-dihydro-3"H-spiro[dihydroindole-3,4’-
pyrrolo[3,4-d]imidazole]-2’-yl)-3-methoxy-N-methylbenzamide (R-54). MS (ESI): mass calcd.
for C31H27CI2Ns0s, 603.1 m/z found 604.1 [M+H]*. *H-NMR (400MHz, DMSO-ds) & 8.59 (d,
1H, J = 4.4 Hz), 7.59-6.94 (m, 9H), 4.08-4.04 (m, 1H), 3.85 (s, 3H), 2.83 (d, 3H, J = 4.4 Hz),
2.23 (s, 3H), 1.08 (d, 3H, J=5.2 Hz). 0.64 (d, 3H, J = 5.2 Hz).

Example 55
6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-5’-(m-tolyl)-3’H-spiro[dihydroind
ole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 52.7 mg of
(S)-6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-5’-(m-tolyl)-3°H-
spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-55), and 58.7 mg of
(R)-6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-5’-(m-tolyl)-
3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-55). MS (ESI): mass
calcd. for C2sH25CINgO4 544.2, m/z found 545.2 [M+H]". *H-NMR (400MHz, DMSO-ds) & 8.51
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(s, 1H), 7.42 (d, 1H, J =8.0Hz), 7.20-6.99 (m, 3H), 6.96 (s, 1H), 6.84 (s, 1H), 6.97 (d, 1H, J

=8.0Hz), 4.18-4.11 (m, 1H), 3.99 (s, 3H), 3.95 (s, 3H), 2.20 (s, 3H), 1.10 (d, 3H, J =6.8 Hz), 0.65

(d, 3H, J =6.8Hz).

Example 56
6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-5’-(2,5-dimethylphenyl)-3’-isopropyl-3’H-spiro

[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

QY
~
(§) N N
1\
N// No Cl
AN N\ N
0" °N /K H

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 424 mg of
(S)-6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-5’-(2,5-dimethylphenyl)-3’-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-56), and
48.7 mg of (R)-6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)
-5’-(2,5-dimethylphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,
6’(5’H)-dione (R-56). MS (ESI): mass calcd. for C2gH27CINsO4 558.1, m/z found 559.3 [M+H]".
IH-NMR (400MHz, DMSO-ds) & 11.54 (brs, 1H), 8.54 (d, 1H, J =7.6Hz), 7.62-7.37 (m, 1H),
7.25-7.23 (m, 1H), 7.06-6.93 (M, 4H), 4.16-4.13 (m, 1H), 3.99 (s, 3H), 3.96 (s, 3H), 2.22 (s, 3H),
2.03 (s, 3H), 1.09 (d, 3H, J =6.8Hz), 0.64 (d, 3H, J =6.8Hz).

Example 57
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-fluoro-6-methoxyphenyl)-3’-isopropyl-3°H-sp
iro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

\ (0]
P N
7\ N
N0 Cl
F /K N Cl
H
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 199 mg of

(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-fluoro-6-methoxyphenyl)-3°-

isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-57), and
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17.9 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-
(2-fluoro-6-methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole
]-2,6’(5’H)-dione (R-57). MS (ESI): mass calcd. for Co9H23Cl.FN4O3 564.1, m/z found
565.1[M+H]*. 'H-NMR (300MHz, DMSO-ds) & 11.12 (brs, 1H), 7.62-6.97 (m, 9H), 4.01-3.98
(m, 1H), 3.82 (s, 3H), 2.23 (s, 3H), 1.07-1.02 (m, 3H), 0.70-0.63 (M, 3H).
Example 58
6-chloro-5’-(3-chloro-5-methoxyphenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’
H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

O/

) N@ﬁ%@

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 26.3 mg of
(S)-6-chloro-5’-(3-chloro-5-methoxyphenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-58),
and 29.9 mg of (R)-6-chloro-5’-(3-chloro-5-methoxyphenyl)-2’-
(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidaz
ole]-2,6’(5’H)-dione (R-58). MS (ESI): mass calcd. for C2sH24CI2NsOs 594.1, m/z found 595.1
[M+H]*. 'H-NMR (400MHz, DMSO-de) & 11.65 (brs, 1H), 8.51 (s, 1H), 7.47 (d, 1H, J = 8.4Hz),
7.16 (d, 1H, J = 8.0Hz), 7.05 (d, 1H, J = 1.6Hz), 6.95 (s, 1H), 6.72 (s, 1H), 6.52 (s, 1H),
4.16-4.13 (m, 1H), 3.99 (s, 3H), 3.94 (s, 3H), 3.67 (s, 3H), 1.12 (d, 3H, J = 6.4Hz), 0.64 (d, 3H, J
= 6.4Hz).

Example 59
6-chloro-5’-(3-chloro-4-fluorophenyl)-3’-isopropyl-2’-(4-methoxypyridin-3-yl)-3’H-spiro[d
ihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 179 mg of
(S)-6-chloro-5’-(3-chloro-4-fluorophenyl)-3’-isopropyl-2’-(4-methoxypyridin
-3-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-59), and 22.5
mg of (R)-6-chloro-5’-(3-chloro-4-fluorophenyl)-3’-isopropyl-
2’-(4-methoxypyridin-3-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-di
one (R-59). MS (ESI): mass calcd. for: C27H20CI2FNsO3, 551.1 m/z found 552.1 [M+H]".
IH-NMR (400MHz, DMSO-ds) & 8.64 (d, 1H, J =6.4Hz), 8.48 (brs, 1H), 7.54 (d, 1H, J =8.0Hz),
7.44-7.42(m, 1H), 7.40-7.14 (m, 4H), 7.08-6.97 (m, 2H), 4.09-4.03 (m, 1H), 3.88 (s, 3H), 1.11 (d,
3H, J =6.4Hz), 0.64 (d, 3H, J =6.4Hz).

Example 60
2-chloro-4-(6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-2,6’-dioxo-3’,6’-dihyd
ro-5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzamide

\ N@ﬂ%@

Title compounds were obtained by steps similar to those in Example 1, and supercritical

O

high-pressure  preparative chromatography was performed to obtain 14.0 mg of
(S)-2-chloro-4-(6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3°-isopropyl-2,6°’-
dioxo-3’,6’-dihydro-5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzamide
(S-60), and 16.3 mg of  (R)-2-chloro-4-(6-chloro-2’-(2,4-dimethoxypyrimidin
-5-yl)-3’-isopropyl-2,6’-dioxo-3’,6’-dihydro-5"H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidaz
ole]-5’-yl)benzamide (R-60). MS (ESI): mass calcd. for C2gH23CI2N7Os 607.1, m/z found 608.1

[M+H]*. *H-NMR (400MHz, DMSO-ds) 5 11.69 (brs, 1H), 8.51 (s, 1H), 7.91 (s, 1H), 7.59 (s,
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1H), 7.50 (d, 1H, J = 7.2Hz), 7.40 (d, 1H, J = 8.0Hz), 7.16-7.14 (m, 2H), 7.06-6.99 (m, 2H),
4.17-4.14 (m, 1H), 3.99 (s, 3H), 3.95 (s, 3H), 1.13 (d, 3H, J = 6.4Hz), 0.63 (d, 3H, J = 6.4Hz).
Example 61
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(2,4-dimethoxyphenyl)-3’-isopropyl-3’H-sp
iro[dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N
%@/m
-0 N\ N

N O ”
3

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 299 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(2,4-dimethoxyphenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-61), and
26.3 mg of (R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-
2’-(2,4-dimethoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2
,6’(5’H)-dione (R-61). MS (ESI): mass calcd. for CogH2sCi2NsO4 577.1, m/z found 578.1
[M+H]*. *H-NMR (400MHz, DMSO-ds) 5 11.49 (s, 1H), 8.50 (d, 1H, J = 8.4Hz), 7.62 (d, 1H, J
= 8.4Hz), 7.54 (d, 1H, J = 9.2Hz), 7.36-7.33 (m, 1H), 7.27 (d, 1H, J = 8.0Hz),7.04-7.00 (m, 1H),
6.73-6.79 (m, 2H), 4.10 (t, 1H, J = 6.8Hz), 3.84 (s, 3H), 3.79 (s, 3H), 2.42-2.27 (m, 3H), 1.07 (d,
3H, J = 4.8Hz), 0.638 (d, 3H, J = 4.8H2).
Example 62

6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-methoxy-5-methylphenyl)-3’H-s
piro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

D
N cl
N
NO”~N
H

@)

)\
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 40.0 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-methoxy-5-
methylphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-62),
and 44.0 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3°-
isopropyl-2’-(2-methoxy-5-methylphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazol
e]-2,6’(5’H)-dione (R-62). MS (ESI): mass calcd. for C3H26CI2N4O3, 560.1 m/z found 561.1
[M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.72 (brs, 1H), 7.55-6.97 (m, 10H), 4.09-4.05 (m,
1H), 3.75 (s, 3H), 2.30 (s, 3H), 2.22 (s, 3H), 1.07 (d, 3H, J=5.6Hz), 0.63 (d, 3H, J=5.6Hz).
Example 63

6-chloro-5’-(3-chloro-4-methoxyphenyl)-3’-isopropyl-2’-(2-methoxyphenyl)-3’H-spiro[dih
ydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 229 mg of (S)-
6-chloro-5’-(3-chloro-4-methoxyphenyl)-3’-isopropyl-2’-(2-
methoxyphenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-63),
and 22.9 mg of (R)-6-chloro-5’-(3-chloro-4-methoxyphenyl)-3’
-isopropyl-2’-(2-methoxyphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6(5’
H)-dione (R-63). MS (ESI): mass calcd. for C2gH24CloN4O4, 563.4 m/z found 564.1 [M+H]".
IH-NMR (400MHz, DMSO-ds) & 7.57-6.91 (m, 10H),4.08-4.00 (m, 1H), 3.81 (s, 3H), 3.78 (s,
3H), 1.08 (m, 3H), 0.75-0.70 (m, 3H).

Example 64
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxyphenyl)-3’H-spiro[dihyd
roindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 73.9 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxyphenyl)
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-64), and 79.7 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-
methoxyphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5°H)-dione (R-64).
MS (ESI): mass calcd. for C29H24CI2N4O3 546.1, m/z found 547.1 [M+H]*. *H-NMR (400MHz,
DMSO-ds) & 11.73 (brs, 1H), 7.58-6.45 (m, 10H), 4.46-4.43 (m, 1H), 3.83 (s, 3H), 2.21 (s, 3H),
1.11-1.09 (d, 3H, J=6.4Hz), 0.75 (d, 3H, J=6.4Hz).
Example 65

2-chloro-4-(6-chloro-2’-(4,6-dimethoxypyridin-3-yl)-3’-isopropyl-2,6’-dioxo-3",6’-dihydro-
5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzamide

(0]
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 7.3 mg of
(S)-2-chloro-4-(6-chloro-2’-(4,6-dimethoxypyridin-3-yl)-3’-isopropyl-2,6’-
dioxo-3’,6’-dihydro-5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzamide
(S-65), and 10.3 mg of (R)-2-chloro-4-(6-chloro-2’-(4,6-dimethoxypyridin-3
-yl)-3’-isopropyl-2,6’-dioxo-3",6’-dihydro-5"H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazol
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e]-5’-yl)benzamide (R-65). MS (ESI): mass calcd. for C29H24Cl2NsOs 606.1, m/z found 607.1
[M+H]*.*H-NMR (400MHz, DMSO-ds) & 11.63 (brs, 1H), 8.11(s, 1H), 7.91 (s, 1H), 7.59 (s, 1H),
7.51(d, 1H, J = 8.0Hz), 7.41 (d, 1H, J = 8.4Hz), 7.16-7.14 (m, 2H), 7.04-7.01 (m, 1H), 7.01-6.99
(m, 1H), 6.59 (s, 1H), 4.07-4.03 (m, 1H), 3.91 (s, 3H), 3.83 (s, 3H), 1.11(d, 3H, J = 6.0Hz), 0.61
(d, 3H, J = 6.0Hz).
Example 66
2’-(4-amino-2-methoxyphenyl)-6-chloro-5’-(5-chloro-2-fluorophenyl)-3’-isopropyl-3°H-spi
ro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

F
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 127 mg of
(S)-2’-(4-amino-2-methoxyphenyl)-6-chloro-5’-(5-chloro-2-fluorophenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-66), and
10.1 mg of (R)-2’-(4-amino-2-methoxyphenyl)-6-chloro-5’-
(5-chloro-2-fluorophenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2
,6’(5’H)-dione (R-66). MS (ESI): mass calcd. for CgH22CIloFNsO3 565.1, m/z found 566.1
[M+H]*. TH-NMR (400MHz, DMSO-ds) § 7.70-7.00 (m, 7H), 6.31 (s, 1H), 6.23 (d, 1H,
J=9.2Hz), 5.59 (brs, 2H), 4.12-4.07 (m, 1H), 3.67 (s, 3H), 1.07 (d, 3H, J=5.6Hz), 0.60 (d, 3H,
J=5.6Hz).
Example 67

2’-(4-amino-2-methoxyphenyl)-6-chloro-5’-(3-chloro-5-fluorophenyl)-3’-isopropyl-3°H-spi
ro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 21.3 mg of
(S)-2’-(4-amino-2-methoxyphenyl)-6-chloro-5’-(3-chloro-5-fluorophenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-67), and
18.8 mg of (R)-2’-(4-amino-2-methoxyphenyl)-6-chloro-5’
-(3-chloro-5-fluorophenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-
2,6’(5’H)-dione (R-67). MS (ESI): mass calcd. for CosH22Cl2FNsO3 565.1, m/z found 566.1
[M+H]*.*H-NMR (400MHz, DMSO-dg) & 7.35-7.28 (m, 2H), 7.02-6.92 (m, 5H), 6.29 (s, 1H),
6.24 (d, 1H, J=8.0Hz), 5.57 (brs, 2H), 4.10-4.04 (m, 1H), 3.65 (s, 3H), 1.09 (d, 3H, J=6.4Hz),
0.57 (d, 3H, J=6.4Hz).
Example 68

4-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6°-dioxo-5’,6’-dihydro-3"H-spiro[
dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-3-methoxy-N,N-dimethylbenzamide

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 134 mg of
(S)-4-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5",6-
dihydro-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-3-methoxy-N,N-dimethy!
benzamide (S-68), and 17.1 mg of (R)-4-(6-chloro-5’-(5-chloro-2-

methylphenyl)-3’-isopropyl-2,6’-dioxo-5,6’-dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-
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d]imidazole]-2’-yl)-3-methoxy-N,N-dimethylbenzamide (R-68). MS (ESI): mass calcd. for

Ca2H29C12Ns04, 617.2 m/z found 618.2 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.73 (brs,

1H), 7.58-6.97 (m, 9H), 4.10-4.07 (m, 1H), 3.82 (s, 3H), 3.01 (s, 3H), 2.96 (s, 3H), 2.22 (s, 3H),

1.08 (d, 3H, J=6.4Hz), 0.65 (d, 3H, J=6.4Hz).

Example 69
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-isopropoxy-4-methoxypyridin-3-yl)-3’-isopro

pyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

N cl
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 9.6 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-isopropoxy-4-methoxypyridin
-3-y)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
(S-69), and 28.9 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)
-2’-(6-isopropoxy-4-methoxypyridin-3-yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,
4-d]limidazole]-2,6’(5’H)-dione (R-69). MS (ESI): mass calcd. for C31H29Cl2NsO4, 605.2 m/z
found 606.1 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.54 (brs, 1H), 8.10 (d, J = 4.4 Hz, 1H),
7.56-6.96 (M, 7H), 5.36-5.30 (M, 1H), 4.08-4.05 (m, 1H), 3.83 (s, 3H), 2.21 (s, 3H), 1.33 (d, J =
6.4 Hz, 6H), 1.08 (d, J = 5.2 Hz, 3H), 0.64 (d, J = 5.2 Hz, 3H).
Example 70
2-(3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5",6’-dihydro-3"H-spi
ro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxyphenyl)-N,N-dimethylacetamid

e

82



10

15

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 259 mg of
(S)-2-(3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6°-dioxo-5,6’
-dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxyphenyl)-N,N-
dimethylacetamide (S-70), and 30.7 mg of
(R)-2-(3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6°-dioxo-5",6’-dihydro-3"H-spir
o[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxyphenyl)-N,N-dimethylacetamide
(R-70). MS (ESI): mass calcd. for C3sH31CI2NsO4 631.2, m/z found 632.1 [M+H]*. 'H-NMR
(400MHz, DMSO-ds) & 11.72 (brs, 1H), 7.57-6.96 (m, 9H), 4.09-4.06 (m, 1H), 3.78 (s, 3H), 3.69
(s, 2H), 3.01 (s, 3H), 2.83 (s, 3H), 2.22 (s, 3H),1.07 (s, 3H), 0.36 (s, 3H).

Example 71
2’-(4-amino-2-methoxyphenyl)-6-chloro-5’-(3-chloro-4-methoxyphenyl)-3’-isopropyl-3’H-
spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione

H,N

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 17.1 mg of
(S)-2’-(4-amino-2-methoxyphenyl)-6-chloro-5’-(3-chloro-4-methoxyphenyl)-3’
-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-71), and
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16.1 mg of (R)-2’-(4-amino-2-methoxyphenyl)-6-
chloro-5’-(3-chloro-4-methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]
imidazole]-2,6°(5’H)-dione (R-71). MS (ESI): mass calcd. for C29H25CI2NsO4, 577.1 m/z found
578.1 [M+H]". *H-NMR (400MHz, DMSO-ds) § 7.20-6.20 (m, 9H), 5.49 (s, 2H), 3.98 (m, 1H),
3.78 (s, 3H), 3.64 (s, 3H), 1.11-1.05 (m, 3H), 0.60 -0.59 (m, 3H).
Example 72
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-ethoxy-4-methoxypyridin-3-yl)-3’-isopropyl-3
"H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

N cl
— "N

No” "N
7\ )\ H
j N
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 20.2 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-ethoxy-4-methoxypyridin-3
-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-72),
and 23.2 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)
-2’-(6-ethoxy-4-methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]i
midazole]-2,6’(5’H)-dione (R-72). MS (ESI): mass calcd. for CzH27CI2Ns04591.1, m/z found
592.1 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.73 (brs, 1H), 8.10 (s, 1H), 7.56-7.44 (m, 1H),
7.31-6.48 (m,6H),4.40 (brs, 2H), 4.06-4.02 (m,1H), 3.84 (s, 3H), 2.21 (s, 3H), 1.36 (t, 3H,
J=7.6Hz), 1.08 (d, 3H, J=6.4Hz), 0.64 (d, 3H, J=6.4Hz).
Example 73
2’-(4-amino-2-methoxyphenyl)-6-chloro-5’-(3-chloro-4-fluorophenyl)-3’-isopropyl-3°H-spi
ro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 247 mg of
(S)-2’-(4-amino-2-methoxyphenyl)-6-chloro-5’-(3-chloro-4-fluorophenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-73), and
28.7 mg of (R)-2’-(4-amino-2-methoxyphenyl)-6-chloro-
5’-(3-chloro-4-fluorophenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole
1-2,6’(5’H)-dione (R-73). MS (ESI): mass calcd. for CogH22CIloFNsO3 565.1, m/z found 566.1
[M+H]*. *H-NMR (400MHz, DMSO-ds) & 7.39-7.34 (m, 1H), 7.27-7.21 (m, 2H), 7.03-6.90 (m,
4H), 6.29 (s, 1H), 6.24 (d, 1H, J = 8.0Hz), 5.56 (brs, 2H), 4.08-4.05 (m, 1H), 3.65 (s, 3H), 1.08
(s, 3H), 0.59 (s, 3H).
Example 74

2’-(4-amino-2-methoxy-5-methylphenyl)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isoprop
yl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

H,N
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 25.0 mg of
(S)-2’-(4-amino-2-methoxy-5-methylphenyl)-6-chloro-5’-(5-chloro-2-
methylphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’ (5’ H)-di
one (S-74), and 26.6 mg of (R)-2’-(4-amino-2-methoxy-5-methylphenyl)
-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-
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d]imidazole]-2,6’(5°’H)-dione (R-74). MS (ESI): mass calcd. for CzoH27CIoNsO3z 575.1, m/z

found 576.1 [M+H]*.'H-NMR (400MHz, DMSO-dg) & 11.68 (brs, 1H), 7.51-6.93 (m, 8H), 5.33

(brs, 2H), 4.12-4.10 (m, 1H), 3.66 (s, 3H), 2.21 (s, 3H), 2.01 (s, 3H), 1.05 (d, 3H, J =6.4Hz),

0.61 (d, 3H, J =6.4Hz).

Example 75
2’-(4-amino-5-fluoro-2-methoxyphenyl)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isoprop

yl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

HoN

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 7.8 mg of
(S)-2’-(4-amino-5-fluoro-2-methoxyphenyl)-6-chloro-5’-(5-chloro-2-
methylphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-di
one (S-75), and 12.7 mg of (R)-2’-(4-amino-5-fluoro-2-methoxyphenyl)
-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-
d]imidazole]-2,6°(5’H)-dione (R-75). MS (ESI): mass calcd. for CzoH24CIoFNsO3 579.1, m/z
found 580.1 [M+H]*.'H-NMR (400MHz, DMSO-ds) & 11.54 (brs, 1H), 7.49-6.46 (m, 8H), 5.65
(brs, 2H), 4.13-4.11 (m, 1H), 3.67 (s, 3H), 2.21 (s, 3H), 1.06 (s, 3H, J =6.0Hz), 0.62 (d, 3H, J
=6.0Hz).

Example 76
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(3-fluoro-2-methoxyphenyl)-3’-isopropyl-3°H-sp
iro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 22.0 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(3-fluoro-2-methoxyphenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-76), and
25.1 mg of (R)-6-chloro-5-(5-chloro-2-methylphenyl)-2’-(3-fluoro-
2-methoxyphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H
)-dione (R-76). MS (ESI): mass calcd. for C29H23Cl2FN4O3 564.1, m/z found 565.3 [M+H]".
IH-NMR (400MHz, DMSO-ds) & 11.51 (brs, 1H), 7.57-6.95 (m, 9H), 4.11-4.10 (m, 1H), 3.77 (5,
3H), 2.22 (s, 3H), 1.08 (d, 3H, J =6.0Hz), 0.66 (d, 3H, J =6.0Hz).

Example 77
4-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6°-dioxo-5,6’-dihydro-3’H-spiro[
dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-3-methoxybenzamide

N Cl
N
N
H

N O

NH,

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 23.6 mg of
(S)-4-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5",6’-
dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-3-methoxybenzamide
(S-77), and 21.5 mg of (R)-4-(6-chloro-5’-(5-chloro-2-methylphenyl)
-3’-isopropyl-2,6’-dioxo-5’,6’-dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2
>-yl)-3-methoxybenzamide (R-77). MS (ESI): mass calcd. for C3oH25Cl2NsO4, 589.1 m/z found
590.1 [M+H]*. 'H-NMR (400MHz, DMSO-dg) & 11.76 (brs, 1H), 8.14 (brs, 2H), 7.64-6.98 (m,
9H), 4.08-4.06 (m, 1H), 3.85 (s, 3H), 2.22 (s, 3H), 1.07 (d, 3H, J=4.8Hz), 0.64 (d, 3H, J=4.8Hz).
Example 78

6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-dimethylamino)-5-fluoro-2-methoxyphenyl)-3
’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 19.7 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-dimethylamino)-5-fluoro-2-
methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-
dione (S-78), and 28.3 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)
-2’-(4-dimethylamino)-5-fluoro-2-methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-p
yrrolo[3,4-d]imidazole]-2,6’(5°’H)-dione (R-78). MS (ESI): mass calcd. for CsiH2sCl2FNsO3
607.2, m/z found 608.2 [M+H]". *H-NMR (400MHz, DMSO-ds) & 11.54 (brs, 1H), 7.52-6.57 (m,
9H), 4.12-4.10 (m, 1H), 3.78 (s, 3H), 2.91 (s, 6H), 2.21 (s, 3H),1.06 (d, 3H, J =4.0Hz), 0.63 (d,
3H, J =4.0Hz).
Example 79

6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,6-dimethoxyphenyl)-3’-isopropyl-3°H-spiro[di
hydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 23.7 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,6-dimethoxyphenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-79), and
24.7 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-
(2,6-dimethoxyphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’
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(5’H)-dione (R-79). MS (ESI): mass calcd. for C3oH26Cl2N404576.1, m/z found 577.2 [M+H]".

IH-NMR (400MHz, DMSO-ds) J 11.70 (brs, 1H), 7.51-6.78 (m, 9H), 3.90-3.83 (m, 1H), 3.75 (s,

3H), 3.71 (s, 3H), 2.24 (s, 3H), 1.02 (d, 3H, J=6.8Hz), 0.61 (d, 3H, J=6.8Hz).

Example 80
6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-(2,4-dimethoxyphenyl)-3’-isopropyl-3’H-spiro[di

hydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

)

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 32.0 mg of
(S)-6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-(2,4-dimethoxyphenyl)-3’-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-80), and
35.4 mg of (R)-6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-
(2,4-dimethoxyphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’
(5’H)-dione (R-80). MS (ESI): mass calcd. for C2gH23Cl.FN4O4 580.1, m/z found 581.2 [M+H]".
1H-NMR (400MHz, DMSO-dg) & 11.85 (brs, 1H), 7.48-6.66 (m, 9H), 4.09-4.03 (m, 1H), 3.84
(s,3H), 3.77 (s, 3H), 1.04 (d, 3H, J=6.0Hz), 0.61 (d, 3H, J=6.0Hz).

Example 81
6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-(4-(dimethylamino)-2-methoxyphenyl)-3’-isoprop
yl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
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high-pressure preparative chromatography was performed to obtain 26.0 mg of
(S)-6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-(4-(dimethylamino)-2-
methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-
dione (S-81), and 195 mg of (R)-6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-
(4-(dimethylamino)-2-methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d
]imidazole]-2,6’(5’H)-dione (R-81). MS (ESI): mass calcd. for CsoH26Cl2FNsOs 593.13, m/z
found 594.2 [M+H]*. H-NMR (400MHz, DMSO-ds) § 11.52 (brs, 1H), 7.46-7.05 (m, 6H),
6.98(s, 1H), 6.40 (d, 1H, J=8.4Hz), 6.35 (s, 1H), 4.12-4.08 (m, 1H), 3.76 (s,3H), 2.99 (s, 6H),
1.08(d, 3H, J=5.6Hz), 0.61 (d, 3H, J=5.6Hz).
Example 82
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-(dimethylamino)-4-methoxypyrimidin-5-yl)-3
’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione

N Cl
— N

No” "N
N7 )\ :
\N\%\N
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 13.7 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-(dimethylamino)-4-
methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (S-82), and 13.6 mg of (R)-6-chloro-5’-(5-chloro-2-
methylphenyl)-2°-(2-(dimethylamino)-4-methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydr
oindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione (R-82). MS (ESI): mass calcd. for
C29H27C12N703 591.15, m/z found 592.2 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 8.25 (d, 1H,
J =4.4Hz), 7.55-6.97 (m, 6H), 4.15-4.12 (m, 1H), 3.90 (s, 3H), 3.19 (s, 6H), 2.20 (s, 3H), 1.08 (d,
3H, J =6.4Hz), 0.66 (d, 3H, J=6.4Hz).
Example 83
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,4-dimethoxy-5-methylphenyl)-3’-isopropyl-3’

H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 48.6 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2,4-dimethoxy-5-methylphenyl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-83),
and 30.5 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-
2’-(2,4-dimethoxy-5-methylphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]im
idazole]-2,6’(5’H)-dione (R-83). MS (ESI): mass calcd. for C31H2sCI2N4O4 590.19, m/z found
591.2 [M+H]*.'H-NMR (400MHz, DMSO-dg) & 11.52 ( brs, 1H ), 7.47-7.04 (m, 6H), 6.98 (d,
1H, J=1.6Hz), 6.40 (d, 1H, J=8.4Hz), 6.35 (s, 1H), 4.12-4.08 (m, 1H), 3.76 (s, 3H), 2.99 (s, 6H),
2.22 (s, 3H), 1.08 (d, 3H, J =6.4Hz), 0.61 (d, 3H, J=6.4Hz).

Example 84
3-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6°’-dioxo-5’,6’-dihydro-3"H-spiro[
dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxybenzoic acid

COOH
80 mg of the title compound was obtained by steps similar to those in Example 1. MS (ESI):

mass calcd. for C3oH24CI12N4Os, 590.11 m/z found 591.1 [M+H]*. *H-NMR (400MHz, DMSO-ds)
§ 11.35 (brs, 1H), 8.12 (d, 1H, J = 8.0 Hz), 7.96 (s, 1H), 7.60-6.97 (m, 7H), 4.07-4.06 (m, 1H),
3.87 (s, 3H), 2.23 (s, 3H), 1.17 (d, 3H, J =7.2 Hz), 0.62 (d, 3H, J =7.2 Hz).

Example 85
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-methoxy-4-(trifluoromethyl)phen
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yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

FsC

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 10.1 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-methoxy-4-
(trifluoromethyl)phenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione
(S-85), and 9.7 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3°
-isopropyl-2’-(2-methoxy-4-(trifluoromethyl)phenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-
d]imidazole]-2,6°(5’H)-dione (R-85). MS (ESI): mass calcd. for C3oH23Cl2FsN4O3 614.11, m/z
found 615.1 [M+H]*.'H-NMR (400MHz, DMSO-dg) & 7.71- 6.98 (m, 9H), 4.08-4.06 (m, 1H),
3.89 (s, 3H), 2.22 (s, 3H) ,1.18 (d, 3H, J =4.0Hz), 0.64 (d, 3H, J =4.0Hz).
Example 86

6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-cyclopropyl-2-methoxyphenyl)-3’-isopropyl-3
"H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 187 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-cyclopropyl-2-
methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-
dione (S-86), and 21.2 mg of (R)-6-chloro-5’-(5-chloro
-2-methylphenyl)-2’-(4-cyclopropyl-2-methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,
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4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-86). MS (ESI): mass calcd. for C32H2Cl2N4O3

586.15 m/z found 587.1 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.57 (brs, 1H), 7.53-6.47 (m,

9H), 4.07-4.03 (m, 1H), 3.78 (s, 3H), 2.21 (s, 3H), 2.01-2.00 (m, 1H), 1.16 (d, 3H, J=6.4Hz),

1.05-1.00 (m, 4H), 0.64 (d, 3H, J=6.4Hz).

Example 87
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-methoxy-4-(trifluoromethoxy)ph

enyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

N Cl
N
-0 \ N
N

)0\ H
OF
s
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 451 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-methoxy-4-
(trifluoromethoxy)phenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dio
ne (S-87), and 44.6 mg of (R)-6-chloro-5’-(5-chloro-2-
methylphenyl)-3’-isopropyl-2’-(2-methoxy-4-(trifluoromethoxy)phenyl)-3°H-spiro[dihydroindol
e-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-87). MS (ESI): mass calcd. for
CaoH23C12F3N4O4, 630.10 m/z found 631.1 [M+H]*.*H-NMR (400MHz, DMSO-ds) & 11.74 (brs,
1H), 7.60-6.48 (m, 9H), 4.07-4.02 (m, 1H), 3.84 (s, 3H), 2.22 (s, 3H), 1.14 (d, 3H, J = 4.8 Hz),
0.64 (d, 3H, J = 4.8 Hz).
Example 88
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-ethoxy-2-methoxyphenyl)-3’-isopropyl-3’H-s
piro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 36.2 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-ethoxy-2-methoxyphenyl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-88),
and 42.5 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-
(4-ethoxy-2-methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole
1-2,6’(5’H)-dione (R-88). MS (ESI): mass calcd. for C31H28Ci2N4O4 590.15 m/z found 591.1
[M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.54 (brs, 1H), 7.54-6.95 (m, 9H), 4.14-4.04 (m, 3H),
3.77 (s, 3H), 2.22 (s, 3H), 1.36 (t, 3H, J = 6.8 Hz), 1.05 (d, 3H, J = 5.2 Hz), 0.62 (d, 3H, J = 5.2
Hz).

Example 89
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-3’-isopropyl-2’-(4-isopropyl-2-methoxyphenyl
)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N
%@m
-5 N\ N

N o’ N
° H

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 43.2 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-y1)-3’-isopropyl-2’-(4-isopropyl-2
-methoxyphenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-89),
and 32.4 mg of (R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-

3’-isopropyl-2’-(4-isopropyl-2-methoxyphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imi
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dazole]-2,6’(5’H)-dione (R-89). MS (ESI): mass calcd. for C31H29Cl2NsO3 589.16, m/z found

590.2 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.69 (brs, 1H), 8.50 (d, 1H, J =8.0Hz),

7.64-7.00 (m, 7H), 4.09-4.06 (m, 1H), 3.79 (s, 3H), 3.01-2.94 (m, 1H), 2.42 (s, 3H), 1.35 (d, 3H,

J =7.6Hz), 1.27 (d, 3H, J =7.6Hz), 1.07 (d, 3H, J =4.0Hz), 0.64(d, 3H, J =4.0Hz).

Example 90
2’-(2-amino-4-methoxypyrimidin-5-yl)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl

-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

N cl
5 "

No” N
N7\ )\ :
HzN%\N

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 19.0 mg of
(S)-2’-(2-amino-4-methoxypyrimidin-5-yl)-6-chloro-5’-(5-chloro-2-
methylphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-di
one (S-90), and 17.4 mg of (R)-2’-(2-amino-4-methoxypyrimidin-5-yl)-
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d
]imidazole]-2,6’(5’H)-dione (R-90). MS (ESI): mass calcd. for Co7H23CIoN7Os 563.12, m/z
found 564.1 [M+H]*.*H-NMR (400MHz, DMSO-ds) & 11.57 (brs, 1H), 8.14 (d, 1H, J =4.8Hz),
7.54-6.96 (m, 8H), 4.18-4.13 (m, 1H), 3.84 (s, 3H), 2.20 (s, 3H), 1.08 (d, 3H, J =4.4Hz), 0.67 (d,
3H, J =4.4Hz).
Example 91

6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-(dimethylamino)-2-methoxy-5-methylphenyl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 29.2 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-(dimethylamino)-2-methoxy
-5-methylphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)
-dione  (S-91), and 178 mg of  (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-
2’-(4-(dimethylamino)-2-methoxy-5-methylphenyl)-3°-isopropyl-3’H-spiro[dihydroindole-3,4’-p
yrrolo[3,4-d]imidazole]-2,6’(5°’H)-dione (R-91). MS (ESI): mass calcd. for Cs2H31CIl2Ns03
603.18, m/z found 604.2 [M+H]*. 'H-NMR (400MHz, DMSO-dg) & 11.51 (brs, 1H), 7.53-6.47
(m, 8H), 4.11-4.08 (m, 1H), 3.77 (s, 3H), 2.73 (s, 6H), 2.22 (s, 3H), 2.07 (s, 3H), 1.06 (d, 3H, J
=4.4Hz), 0.62 (d, 3H, J =4.4Hz).
Example 92

6-chloro-5-(5-chloro-2-methylphenyl)-2’-(5-fluoro-2,4-dimethoxyphenyl)-3’-isopropyl-3’
H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

0O

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 29.1 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(5-fluoro-2,4-dimethoxyphenyl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (5-92),
and 33.8 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-

2’-(5-fluoro-2,4-dimethoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4°-pyrrolo[3,4-d]imi
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dazole]-2,6’(5’H)-dione (R-92). MS (ESI): mass calcd. for CzoH25CI2FN4O4 594.13, m/z found
595.2 [M+H]*. 'H-NMR (400MHz, DMSO-de) & 11.75 (brs, 1H), 7.53-6.47 (m, 8H), 4.10-4.07
(m, 1H), 3.96 (s, 3H), 3.82 (s, 3H), 2.21 (s, 3H), 1.07 (d, 3H, J =4.4Hz), 0.63 (d, 3H, J =4.4Hz).
Example 93
6-chloro-5-(3-chlorophenyl)-3’-isopropyl-2’-(4-isopropyl-2-methoxyphenyl)-3’H-spiro[dih
ydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 125.0 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-3’-isopropyl-2’-(4-isopropyl-2-
methoxyphenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-93),
and 132.7 mg of (R)-6-chloro-5’-(3-chlorophenyl)-3’-isopropyl
-2’-(4-isopropyl-2-methoxyphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6(
5’H)-dione (R-93). MS (ESI): mass calcd. for C31H28Ci2N4O3 574.15, m/z found 575.2 [M+H]".
IH-NMR (400MHz, DMSO-ds) & 11.58 (brs, 1H), 7.49 (d, 1H, J=8.0Hz), 7.38-6.95 (m, 9H),
4.09-4.02 (m, 1H), 3.78 (s, 3H), 3.01-2.94 (m, 1H), 1.27 (d, 6H, J =7.2Hz), 1.09 (d, 3H, J
=6.4Hz), 0.59 (d, 3H, J =6.4Hz).

Example 94
6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-(4-ethoxy-2-methoxyphenyl)-3’-isopropyl-3’H-sp
iro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

\_O
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 7.8 mg of
(S)-6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-(4-ethoxy-2-methoxyphenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-94), and
15.2 mg of (R)-6-chloro-5’-(5-chloro-2-fluorophenyl)-2’
-(4-ethoxy-2-methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazol
e]-2,6’(5’H)-dione (R-94). MS (ESI): mass calcd. for C3oH25Cl2FN4O4 594.12, m/z found 595.1
[M+H]*. *H-NMR (400MHz, DMSO-ds) 6 11.01 (brs, 1H), 7.48-6.64 (m, 9H), 4.14-4.04 (m, 3H),
3.76 (s, 3H), 1.37-1.18 (m, 3H), 1.04 (d, 3H, J=6.4Hz), 0.62 (d, 3H, J=6.4Hz).

Example 95
6-chloro-5’-(3-chlorophenyl)-2’-(6-isopropoxy-4-methoxypyridin-3-yl)-3’-isopropyl-3°H-s
piro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N cl
o N

No” N
7 )\ H
=
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 100.8 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(6-isopropoxy-4-methoxypyridin-3-
yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-95),
and 108.8 mg of (R)-6-chloro-5-(3-chlorophenyl)-2’-(6-isopropoxy
-4-methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,
6’(5’H)-dione (R-95). MS (ESI): mass calcd. for CsoH27CI2NsOs 591.14, m/z found
592.1[M+H]". 'H-NMR (400MHz, DMSO-dg) & 11.53 (brs, 1H), 8.08 (s, 1H), 7.48 (d, 1H,
J=8.4Hz), 7.38 (d, 1H, J=8.0Hz), 7.34 (d, 1H, J=8.4Hz), 7.14 (d, 2H, J=9.2Hz), 7.00 (d, 1H,
J=1.6Hz), 6.97 (d, 1H, J=7.2Hz), 6.51 (s, 1H), 5.36-5.29 (m, 1H), 4.11-4.04 (m, 1H), 3.82 (s,
1H), 1.33 (d, 6H, J=6.0Hz), 1.11 (d, 3H, J=6.4Hz), 0.61 (d, 3H, J=6.4Hz).

Example 96
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(6-ethoxy-4-methoxypyridin-3-yl)-3’-isopro
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 27.1 mg of
5  (S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(6-ethoxy-4-
methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6(
5’H)-dione (S-96), and 29.6 mg of
(R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(6-ethoxy-4-methoxypyridin-3-yl)-3’-isopro
pyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-96). MS (ESI):
10  mass calcd. for Ca9H26CI2NsO4 592, m/z found 593.1[M+H]*. tH-NMR (400MHz, DMSO-ds) &
11.80 (brs, 1H), 8.50 (d, 1H, J =8.0Hz), 8.12 (d, 1H, J =4.8Hz), 7.64-7.00 (m, 4H), 6.58 (s, 1H),
4.40 (g, 2H, J =7.2Hz), 4.09-4.04 (m, 1H), 3.84 (s, 3H), 2.27 (s, 3H), 1.36 (t, 3H, J =7.2Hz), 1.08
(d, 3H, J =6.8Hz), 0.65 (d, 3H, J =4.0Hz).
Example 97
15 6-chloro-5-(5-chloro-2-fluorophenyl)-2’-(2-ethoxy-4-methoxypyrimidin-5-yl)-3’-isopropyl
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

F
0] Cl
N cl
N
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 0.8 mg of
20  (S)-6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-(2-ethoxy-4-methoxypyrimidin
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-5-yI)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
(S-97), and 3.3 mg of (R)-6-chloro-5’-(5-chloro-2-fluorophenyl)-
2’-(2-ethoxy-4-methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-
d]imidazole]-2,6°(5’H)-dione (R-97). MS (ESI): mass calcd. for C2sH23CIl2FNsO4 596.11, m/z
found 597.1 [M+H]*.'H-NMR (400MHz, DMSO-ds) & 11.59 (brs, 1H), 8.51 (s, 1H), 7.48-7.00
(m, 6H), 4.46 (g, 2H, J =6.8Hz), 4.10-4.07 (m, 1H), 3.94 (s, 3H), 1.39 (t, 3H, J =6.8Hz), 1.11 (d,
3H, J =6.4Hz), 0.66 (d, 3H, J =6.4Hz).
Example 98

6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-(6-ethoxy-4-methoxypyridin-3-yl)-3’-isopropyl-3’
H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

F\Q
o) o]
— NN
NO” "N
7\ )\ H
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 175 mg of
(S)-6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-(6-ethoxy-4-methoxypyridin-3-yl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-98),
and 20.7 mg of (R)-6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-(6-
ethoxy-4-methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidaz
ole]-2,6’(5’H)-dione (R-98). MS (ESI): mass calcd. for Co9H24CI2FNsO4 595.11, m/z found
596.1 [M+H]*. 'H-NMR (400MHz, DMSO-ds) 511.60 (brs, 1H), 8.11 (s, 1H), 7.48-7.00 (m, 6H),
6.57 (s, 1H), 4.40 (g, 2H, J =6.8Hz), 4.08-4.04 (m, 1H), 3.83 (s, 3H), 1.35 (t, 3H, J =6.8Hz), 1.08
(d, 3H, J =6.4Hz), 0.64 (d, 3H, J =6.4Hz).
Example 99

6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4-(ethyl(methyl)amino)-2-methoxyphenyl)-3’-is
opropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 42.0 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-(ethyl(methyl)amino)-2-
methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-
dione (S-99), and 41.2 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-(ethyl(methyl)amino)-2-methoxyphenyl)-3°-iso
propyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-99). MS (ESI):
mass calcd. for C3,Hs1CI2Ns03 603, m/z found 604.2[M+H]". *H-NMR (400MHz, DMSO-ds) &
11.69 (brs, 1H), 7.54-6.96 (m, 7H), 6.46-6.32 (m, 2H), 4.11-4.10 (m, 1H), 3.76 (s, 3H), 3.47-3.45
(m, 2H), 2.95 (s, 3H), 2.21 (s, 3H), 1.11-1.07 (m, 6H), 0.62 (d, 3H, J =6.4Hz).

Example 100
6-chloro-5’-(3-chlorophenyl)-2’-(4-ethoxy-2-methoxyphenyl)-3’-isopropyl-3°H-spiro[dihyd
roindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 19.1 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(4-ethoxy-2-methoxyphenyl)-3’-isopropyl
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-100), and 21.3 mg of
(R)-6-chloro-5’-(3-chlorophenyl)-2’-(4-ethoxy-2-methoxyphenyl)-3°-

isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-100). MS
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(ESI): mass calcd. for CsoH26CI2N4O4 576.13, m/z found 577.2 [M+H]*. *H-NMR (400MHz,

DMSO-ds) 5 11.56 (brs, 1H), 7.45 (d, 1H, J=8.0Hz), 7.37-6.94 (m, 7H), 6.69 (s, 1H), 6.66 (d, 1H,

J=8.4Hz), 7.00-6.94 (m, 2H), 4.14-4.03 (m, 3H), 3.76 (s, 3H), 1.37 (t, 3H, J=6.8Hz), 1.04 (d, 3H,

J=6.4Hz ), 0.60 (d, 3 H, J=6.4Hz ).

Example 101
2’-(4-(tert-butyl)-2-methoxyphenyl)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-3’

H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 17.1 mg of
(S)-2’-(4-(tert-butyl)-2-methoxyphenyl)-6-chloro-5’-(5-chloro-2-methylphenyl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-101),
and 17.2 mg of (R)-2’-(4-(tert-butyl)-2-methoxyphenyl)-6-chloro-5’-
(5-chloro-2-methylphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-
2,6’(5’H)-dione (R-101). MS (ESI): mass calcd. for Ca3sHz2CIoN4Os 602.2, m/z found 603.4
[M+H]*. *H-NMR (400MHz, DMSO-ds) § 7.56-6.48 (m, 9H), 4.08-4.07 (m, 1H), 3.81 (s, 3H),
2.22 (s, 3H), 1.35 (s, 9H), 1.07 (d, 3H, J=5.2Hz), 0.62 (d, 3H, J =5.2Hz).

Example 102
6-chloro-5-(3-chlorophenyl)-2’-(6-ethoxy-4-methoxypyridin-3-yl)-3’-isopropyl-3°H-spiro[
dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 53.4 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(6-ethoxy-4-methoxypyridin-3-yl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-102), and
55.0 mg of (R)-6-chloro-5’-(3-chlorophenyl)-2’-(6-ethoxy
-4-methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,
6’(5’H)-dione (R-102). MS (ESI): mass calcd. for C29H25CI2NsO4 577.13, m/z found 578.4
[M+H]". *H-NMR (400MHz, DMSO-ds) § 11.54 (brs, 1H), 8.09 (s, 1H), 7.48 (d, 1H, J=8.0Hz),
7.38 (d, 1H, J=8.4Hz), 7.34 (s, 1H), 7.14-7.12 (m, 2H), 7.00 (s, 1H), 6.97 (d, 1H, J=7.2Hz), 6.57
(s, 1H), 4.40 (g, 2H, J=6.8Hz), 4.07-4.02 (m, 1H), 3.83 (s, 3H), 1.35 (t, 3H, J=6.8Hz), 1.10 (d,
3H, J=6.4Hz), 0.62 (d, 3H, J=6.4Hz).

Example 103
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-cyclopropyl-4-methoxypyridin-3-yl)-3’-isopro
pyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 395 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-cyclopropyl-4-
methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6(
5’H)-dione (S-103), and 32.7 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-cyclopropyl-4-methoxypyridin-3-yl)-3’-isopro
pyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-103). MS (ESI):
mass calcd. for C31H27Cl2NsO3 587, m/z found 588.4 [M+H]". *H-NMR (400MHz, DMSO-dg) &
11.72 (brs, 1H), 8.30 (d, 1H, J =4.0Hz), 7.57-6.97 (m, 7H), 4.08-4.06 (m, 2H), 3.88 (s, 3H), 2.21
(s, 3H), 2.07-1.98 (m, 4H), 1.08 (d, 3H, J =6.0Hz), 0.66 (d, 3H, J =6.0Hz).

Example 104
103



6-chloro-5’-(3-chlorophenyl)-2’-(4-(dimethylamino)-2-methoxyphenyl)-3’-isopropyl-3’H-s
piro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
5 high-pressure preparative chromatography was performed to obtain 80.2 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(4-(dimethylamino)-2-methoxyphenyl)-3’-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-104), and
70.0 mg of (R)-6-chloro-5’-(3-chlorophenyl)-2°-
(4-(dimethylamino)-2-methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d
10  ]imidazole]-2,6’(5’H)-dione (R-104). MS (ESI): mass calcd. for CzoH27Ci2NsO3 575.15, m/z
found 576.6[M+H]*. 1H-NMR (400MHz, DMSO-ds) & 11.50 (brs, 1H), 7.45 (d, 1H, J=8.0Hz),
7.37-7.30 (M, 2H), 7.17-7.11 (m, 3H), 7.00-6.94 (m, 2H), 6.40-6.35 (m, 2H), 4.13-4.06 (m, 1H),
4.06 (s, 3H), 3.76 (s, 3H), 2.99 (s, 6H), 1.09 (d, 3H, J=6.0Hz), 0.60 (d, 3H, J=6.0Hz).
Example 105
15 6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4-(diethylamino)-2-methoxyphenyl)-3°-isopropy
I-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 11.6 mg of
20  (S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-(diethylamino)-2-

methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-
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dione (S-105), and 16.3 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4-(diethylamino)-2-methoxyphenyl)-3’-isopropyl
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-105). MS (ESI):
mass calcd. for CssHssCloNsO3 617.19, m/z found 618.5 [M+H]*. *H-NMR (400MHz, DMSO-ds)
5 11.68 (brs, 1H), 7.54-6.94 (m, 7H), 6.46-6.27 (m, 2H), 4.14-4.11 (m, 1H), 3.75 (s, 3H),
3.42-3.40 (m, 4H), 2.21 (s, 3H), 1.16-1.12 (m, 6H), 1.06 (d, 3H, J=5.2Hz), 0.62 (d, 3H,
J=5.2Hz).
Example 106
6-chloro-5’-(3-chlorophenyl)-2’-(6-cyclopropyl-4-methoxypyridin-3-yl)-3’-isopropyl-3’H-s
piro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 474 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(6-cyclopropyl-4-methoxypyridin-3-yl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-106),
and 57.5 mg of (R)-6-chloro-5’-(3-chlorophenyl)-2’-
(6-cyclopropyl-4-methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d
]Jimidazole]-2,6’(5’H)-dione (R-106). MS (ESI): mass calcd. for C3oH2s5Cl2Ns03 573, m/z found
574.3[M+H]*. 'TH-NMR (400MHz, DMSO-ds) & 11.56 (brs, 1H), 8.33(s, 1H), 7.49 (d, 1H, J
=8.0Hz), 7.36-6.95 (m, 8H), 4.08-4.06 (m, 1H), 3.89(s, 3H), 2.15-2.00 (m, 1H), 1.05 (d, 3H, J
=6.0Hz), 1.03-0.98 (m, 4H), 0.62 (d, 3H, J =6.0Hz).

Example 107
6-chloro-5’-(3-chlorophenyl)-2°-(4-ethyl-2-methoxyphenyl)-3’-isopropyl-3°H-spiro[dihydr
oindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 49.1 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(4-ethyl-2-methoxyphenyl)-3’-isopropyl
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-107), and 39.8 mg of
(R)-6-chloro-5’-(3-chlorophenyl)-2’-(4-ethyl-2-methoxyphenyl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-107).
MS (ESI): mass calcd. for C3oH26CI2N4O3 560.13, m/z found 561.3 [M+H]*. *H-NMR (400MHz,
DMSO-ds) 5 11.48 (brs, 1H), 7.48 (d, 1H, J =8.0Hz), 7.37-6.94 (m, 9H), 4.09-4.02 (m, 1H), 3.77
(s, 3H), 2.72 (g, 2H, J =7.6Hz), 1.26 (t, 3H, J =7.6Hz), 1.04 (d, 3H, J =6.0Hz), 0.61 (d, 3H, J
=6.0Hz).

Example 108
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-cyclopropyl-2,6-dimethoxyphenyl)-3’-isoprop
yl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 284 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-cyclopropyl-2,6-
dimethoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H
)-dione (S-108), and 29.9 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4-cyclopropyl-2,6-dimethoxyphenyl)-3’-isopropy
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I-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-108). MS (ESI):

mass calcd. for CssHzoCl2N4O4 616.16, m/z found 617.4 [M+H]*. *H-NMR (400MHz, DMSO-ds)

& 11.66 (brs, 1H), 7.45-6.48 (m, 8H), 3.89-3.88 (m, 1H), 3.73 (s, 3H), 3.70 (s, 3H), 2.23 (s, 3H),

2.07-2.00 (m, 1H), 1.01-0.99 (m, 5H), 0.84-0.83 (M, 2H), 0.60 (d, 3H, J=6.8Hz).

Example 109
6-chloro-5-(3-chlorophenyl)-3’-isopropyl-2’-(2-methoxy-4-methylphenyl)-3’H-spiro[dihyd

roindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 34.0 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-3’-isopropyl-2’-(2-methoxy-4-methylphenyl)
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-108), and 43.5 mg of
(R)-6-chloro-5’-(3-chlorophenyl)-3’-isopropyl-2’-(2-methoxy-4-
methylphenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-108).
MS (ESI): mass calcd. for C2gH24CI2N403546.12, m/z found 547.4[M+H]**H-NMR (400MHz,
DMSO-ds) 511.53 (brs, 1H), 7.47-6.90 (m, 10H), 4.07-4.02 (m, 1H), 3.76 (s ,3H), 2.39 (s, 3H),
1.04 (d, 3H, J=6.0Hz), 0.59 (d, 3H, J=6.0Hz).

Example 110
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-cyclopropoxy-4-methoxypyridin-3-yl)-3’-isop
ropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 13.6 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-cyclopropoxy-4-
methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(
5’H)-dione (S-109), and 13.1 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-cyclopropoxy-4-methoxypyridin-3-yl)-3’-isopr
opyl-3’H-spiro[dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-109). MS (ESI):
mass calcd. for C31H27Cl2Ns04 603.14, m/z found 604.3 [M+H]". *H-NMR (400MHz, DMSO-ds)
§ 11.73 (brs, 1H), 8.16-6.48 (m, 8H), 4.31-4.30 (m, 1H), 4.07-4.06 (m, 1H), 3.84 (s, 3H), 2.22 (s,
3H), 1.08 (d, 3H, J=5.6Hz), 0.82-0.80 (m, 2H), 0.79-0.71 (m, 2H), 0.65 (d, 3H, J=5.6Hz).
Example 111

6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(6-(dimethylamino)-4-methoxypyridin-3-yl)-3°-i
sopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 449 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(6-(dimethylamino)-4-
methoxypyridin-3-yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6(
5’H)-dione (S-110), and 47.3 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-(dimethylamino)-4-methoxypyridin-3-yl)-3’-is
opropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-110). MS
(ESI): mass calcd. for CaoH27CI2N7O3 591, m/z found 592.4 [M+H]*. 'H-NMR (400MHz,
DMSO-dg) & 11.52 (brs, 1H), 7.98-6.21 (m, 8H), 4.11-4.07 (m, 1H), 3.84 (s, 3H), 3.10 (s, 6H),
2.22 (s, 3H), 1.07 (d, 3H, J =6.0Hz), 0.63 (d, 3H, J =6.0Hz)

Example 112

6-chloro-5-(3-chlorophenyl)-2’-(2-(dimethylamino)-4-methoxypyrimidin-5-yl)-3’-isopropy
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I-3’H-spiro[dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 509 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2°-(2-(dimethylamino)-4-methoxypyrimidin
-5-yI)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
(S-111), and 46.6 mg of (R)-6-chloro-5’-(3-chlorophenyl)-2°-
(2-(dimethylamino)-4-methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrol
0[3,4-d]imidazole]-2,6’(5’H)-dione (R-111). MS (ESI): mass calcd. for C2sH25CI2N703 577.13,
m/z found 578.3 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.52 (brs, 1H), 8.23 (s, 1H),
7.65-6.94 (m, 7H), 4.16-4.09 (m, 1H), 3.89 (s, 3H), 3.19 (s, 6H), 1.11 (d, 3H, J=6.8Hz), 0.64 (d,
3H, J =6.4Hz).
Example 113
6-chloro-5-(3-chlorophenyl)-2’-(6-(dimethylamino)-4-methoxypyridin-3-yl)-3’-isopropyl-
3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 450 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(6-(dimethylamino)-4-methoxypyridin-3-
yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-112),

and 34.4 mg of (R)-6-chloro-5-(3-chlorophenyl)-2°-
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(6-(dimethylamino)-4-methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[
3,4-d]imidazole]-2,6’(5’H)-dione (R-112). MS (ESI): mass calcd. for C29H26CI2NgO3 576, m/z
found 577.4 [M+H]*. 'H-NMR ( 400MHz, DMSO-ds ) & 11.60 (brs, 1H), 8.06(s,1H), 7.44-6.96
(m, 7H), 6.39 (s, 1H), 4.12-4.05 (m, 1H), 3.92 (s, 3H), 3.20 (s, 6H), 1.12 (d, 3H, J =6.8Hz), 0.63
(d, 3H, J =6.4Hz).
Example 114
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxy-2-(pyrrolidin-1-y)pyri
midin-5-yl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 10.1 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxy-
2-(pyrrolidin-1-yl)pyrimidin-5-yl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5
"H)-dione (S-113), and 135 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2°-(4-methoxy-2-(pyrrolidin-1-yl)pyrim
idin-5-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-113). MS
(ESI): mass calcd. for CziH29Cl2N7O3 617.17, m/z found 618.2[M+H]*. TH-NMR (400MHz,
DMSO-ds) 5 11.63 (brs, 1H), 8.24 (d, 1H, J=4.4Hz), 7.54-6.47 (m, 6H), 4.13-4.12 (m, 1H), 3.90
(s, 3H), 3.69-3.56 (M, 4H), 2.21 (s, 3H), 2.06-1.95 (m, 4H), 1.09 (d, 3H, J=5.2Hz), 0.66 (d, 3H,
J=6.0Hz).
Example 115

6-chloro-5-(3-chlorophenyl)-2’-(4,6-dimethoxypyridin-3-yl)-3’-isopropyl-3°H-spiro[dihydr
oindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 171.8 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2°-(4,6-dimethoxypyridin-3-yl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-114), and
137.4 mg of (R)-6-chloro-5-(3-chlorophenyl)-2’-(4,6-dimethoxypyridin
-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6(5’H)-dione
(R-114). MS (ESI): mass calcd. for C2gH23CI2NsO4 563.11, m/z found 564.1 [M+H]*.*H-NMR
(400MHz, DMSO-ds) & 11.57 (brs, 1H), 8.11 (s, 1H), 7.48-6.95 (m, 7H), 6.58 (s, 1H), 4.09-4.02
(m, 1H), 3.92 (s, 3H), 3.83 (s, 3H), 1.04 (d, 3H, J =3.6Hz), 0.63 (d, 3H, J =6.4Hz).

Example 116
6-chloro-5’-(3-chlorophenyl)-2’-(4-cyclopropyl-2-methoxyphenyl)-3’-isopropyl-3"H-spiro[
dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 9.2 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(4-cyclopropyl-2-methoxyphenyl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-115), and
9.2 mg of (R)-6-chloro-5’-(3-chlorophenyl)-2°-(4-cyclopropyl-
2-methoxyphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H

)-dione (R-115). MS (ESI): mass calcd. for CsiH26CI2N4O3 572.14, m/z found 573.2 [M+H]".
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IH-NMR (400MHz, DMSO-ds) & 11.06 (brs, 1H), 7.46-6.77 (m, 10H), 4.07-4.01 (m, 1H), 3.77 (s,

3H), 2.01-1.99 (m, 1H), 1.24-0.79 (m, 7H), 0.60 (d, 3H, J =4.4Hz).

Example 117
2’-(2-(azetidin-1-yl)-4-methoxypyrimidin-5-yl)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-i

sopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

o) \QCI
N Cl
5 NN

\ NoO” "N
N7 )\ "
ﬂ%\N
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 423 mg of
(S)-2’-(2-(azetidin-1-yl)-4-methoxypyrimidin-5-yl)-6-chloro-5’-(5-
chloro-2-methylphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (S-116), and 41.8 mg of
(R)-2’-(2-(azetidin-1-yl)-4-methoxypyrimidin-5-yl)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-is
opropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-116). MS
(ESI): mass calcd. for CsoH27CIoN703603.15, m/z found 604.4 [M+H]*. 'H-NMR (400MHz,
DMSO-ds) & 11.27 (brs, 1H), 8.22 (d, 1H, J=4.8Hz) 7.54-6.47 (m, 6H), 4.14 (t, 4H, J =7.2Hz),
3.87 (s, 3H), 2.36-2.32 (m, 2H), 2.22 (s, 3H), 1.08 (d, 3H, J =5.2Hz), 0.66 (d, 3H, J =5.6Hz).
Example 118
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxy-2-methylpyrimidin-5-yl
)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N cl
-5 N\ N

NoO” N
H

=N
Title compounds were obtained by steps similar to those in Example 1, and supercritical
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high-pressure preparative chromatography was performed to obtain 61.9 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxy-2-
methylpyrimidin-5-yl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
(S-117), and 62.0 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxy-2-methylpyrimidin-5-yl)
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-117). MS (ESI):
mass calcd. for C2sH24Cl2NeO3 562, m/z found 563.4[M+H]*.*H-NMR (400MHz, DMSO-ds) &
11.73 (brs, 1H), 8.62 (d, 1H, J =6.4Hz), 7.57-6.48 (m, 6H), 4.15-4.12 (m, 1H), 3.96 (s, 3H), 2.63
(s, 3H), 2.22 (s, 3H), 1.09 (d, 3H, J =6.4Hz), 0.66 (d, 3H, J =6.4Hz).
Example 119
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-(ethyl(methyl)amino)-4-methoxypyrimidin-5-
yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N cl
-0 N\ N

No” N
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 40.7 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-(ethyl(methyl)amino)-4-
methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (S-118), and 24.5 mg of (R)-6-chloro-5’-
(5-chloro-2-methylphenyl)-2’-(2-(ethyl(methyl)amino)-4-methoxypyrimidin-5-yl)-3’-isopropyl-
3’H-spiro[dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-118). MS (ESI):
mass calcd. for CsoH29CI2N703605.17, m/z found 606.4[M+H]". *H-NMR (400MHz, DMSO-ds)
§ 11.61 (brs, 1H), 8.24 (d, 1H, J =4.0Hz), 7.55-6.47 (m, 6H), 4.16-4.15 (m, 1H), 3.89 (s, 3H),
3.69-3.68 (m, 2H), 3.15 (s ,3H), 2.21 (s, 3H), 1.23-1.16 (m, 3H), 1.09 (d, 3H, J =5.2Hz), 0.66 (d,
3H, J =5.2Hz).
Example 120

6-chloro-5-(3-chlorophenyl)-3’-isopropyl-2’-(2-methoxy-4-(trifluoromethoxy)phenyl)-3’H
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-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 1151 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-3’-isopropyl-2’-(2-methoxy-4-
(trifluoromethoxy)phenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dio
ne (S-119), and 44.0 mg of
(R)-6-chloro-5’-(3-chlorophenyl)-3’-isopropyl-2’-(2-methoxy-4-(trifluoromethoxy)phenyl)-3°H-
spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-119). MS (ESI): mass
calcd. for Chemical Formula: C29H21Cl2F3sN4O4, Exact Mass: 616.09, m/z found 617.1 [M+H]".
IH-NMR (400MHz, DMSO-ds) & 11.51 (brs, 1H), 7.57-7.47 (m, 2H), 7.38-7.34 (m, 2H), 7.21 (s,
1H), 7.14-7.09 (m, 3H), 7.00-6.96 (m, 2H), 4.06-4.03 (m, 1H), 3.88 (s, 3H), 1.10 (d, 3H, J
=4.4Hz), 0.62 (d, 3H, J =4.4Hz).
Example 121
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2-cyclopropyl-4-methoxypyrimidin-5-yl)-3’-iso
propyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N cl
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 9.9 mg of

(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-cyclopropyl-4-
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methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (5-120), and 94 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2-cyclopropyl-4-methoxypyrimidin-5-yl)-3’-isop
ropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-120). MS (ESI):
mass calcd. for CsoH26Cl2NsO3 588.14, m/z found 589.4[M+H]*. *H-NMR (400MHz, DMSO-ds)
§ 11.76 (brs, 1H), 8.54 (d, 1H, J=6.4Hz), 7.56-6.98 (m, 7H), 4.15-4.14 (m ,1H), 3.94 (s, 3H),
2.21 (s, 3H), 2.07-1.99 (m, 1H), 1.35-1.08 (m, 7H), 0.66 (d, 3H, J=6.0Hz).
Example 122
6-chloro-5-(3-chlorophenyl)-2’-(2-cyclopropyl-4-methoxypyrimidin-5-yl)-3’-isopropyl-3’
H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 13.1 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(2-cyclopropyl-4-methoxypyrimidin-5-yl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-121),
and 13.3 mg of (R)-6-chloro-5’-(3-chlorophenyl)-2’-
(2-cyclopropyl-4-methoxypyrimidin-5-yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,
4-d]imidazole]-2,6’(5’H)-dione (R-121). MS (ESI): mass calcd. for C29H24Cl2NeO3574.13, m/z
found 575.4[M+H]*. 'H-NMR (400MHz, DMSO-ds ) & 11.55 (brs, 1H), 8.52 (s, 1H), 7.48 (d, 1H,
J=8.0Hz), 7.38-7.34 (m, 2H), 7.15-7.12 (m, 2H), 7.01-0.95 (m, 2H), 4.14-4.11 (m, 1H), 3.93 (s,
3H), 2.22-1.19 (m, 1H), 1.12-1.10 (m, 6H), 0.64 (d, 3H, J=6.4Hz).

Example 123
6-chloro-5-(3-chlorophenyl)-2’-(2-ethoxy-4-methoxypyrimidin-5-y1)-3’-isopropyl-3"H-spir
o[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 38.8 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(2-ethoxy-4-methoxypyrimidin-5-yl)-3’-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-122), and
38.7 mg of
(R)-6-chloro-5’-(3-chlorophenyl)-2’-(2-ethoxy-4-methoxypyrimidin-5-yl)-3’-isopropyl-3°H-spir
o[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-122). MS (ESI): mass calcd.
for CasH24Cl2NgO4 578.12, m/z found 579.3 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.33
(brs, 1H), 8.49 (s, 1H), 7.48 (d, 1H, J =8.4Hz), 7.38-7.34 (m, 2H), 7.15-7.11 (m, 2H), 7.01 (s,
1H), 6.97-6.95 (m, 1H), 4.46 (q, 2H, J =7.2Hz), 4.19-4.14 (m, 1H), 3.93 (s, 3H), 1.39 (t, 3H, J
=7.2Hz), 1.12 (d, 3H, J =6.8Hz), 0.65 (d, 3H, J =6.4Hz).

Example 124
6-chloro-5’-(3-chlorophenyl)-2’-(2-isopropoxy-4-methoxypyrimidin-5-yl)-3’-isopropyl-3’H
-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N™
J=N

0]

=

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 439 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(2-isopropoxy-4-methoxypyrimidin-5-yl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-123),

and 45.7 mg of
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(R)-6-chloro-5’-(3-chlorophenyl)-2’-(2-isopropoxy-4-methoxypyrimidin-5-yl)-3’-isopropyl-3’H-
spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-123). MS (ESI): mass
calcd. for CaoH26Ci2N6O4 592.14, m/z found 593.4 [M+H]*. 'H-NMR (400MHz, DMSO-dg) &
11.58 (brs, 1H), 8.48 (s, 1H), 7.48-6.96 (m, 7H), 5.32-5.26 (m, 1H), 4.20-4.14 (m, 1H), 2.31 (s,
3H), 1.38 (d, 6H, J=6.0Hz), 1.13 (d, 3H, J =6.8Hz), 0.65 (d, 3H, J =6.8Hz).
Example 125
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-(dimethylamino)-5-ethyl-2-methoxyphenyl)-3
’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione

N

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 53.23 mg of
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4-(dimethylamino)-5-ethyl
-2-methoxyphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’
H)-dione. MS (ESI): mass calcd. for CssHa3Ci2NsO3 617.20, m/z found 618.4 [M+H]*. *H-NMR
(400MHz, DMSO-ds) § 11.47 (brs, 1H), 7.95-6.47 (m, 8H), 4.11-4.08 (m, 1H), 3.78 (s, 3H), 2.74
(s, 6H), 2.66-2.61 (M, 2H), 2.22 (s, 3H), 1.238-1.071 (m, 6H), 0.68 (d, 3H, J=6.4Hz).

Example 126
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-isopropoxy-4-methoxypyrimidin-5-yl)-3’-isop
ropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

N
0 \ No7N
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
117



10

15

20

25

high-pressure preparative chromatography was performed to obtain 289 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-isopropoxy-4-
methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (S-126), and 35.5 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2-isopropoxy-4-methoxypyrimidin-5-yl)-3’-isopr
opyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-126). MS (ESI):
mass calcd. for CsoH2sCl2NsO4 606.15, m/z found 607.4 [M+H]*. *H-NMR (400MHz, DMSO-ds)
8 11.76 (brs, 1H), 8.50 (d, 1H, J=6.4Hz), 7.57-6.49 (m, 6H), 5.32-5.26 (m, 1H), 4.20-4.16 (m,
1H), 3.94 (s, 3H), 2.22 (s, 3H), 1.38 (d, 6H, J =6.0Hz), 1.09 (d, 3H, J =4.4Hz), 0.67 (d, 3H, J
=6.0Hz).
Example 127
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2-ethoxy-4-methoxypyrimidin-5-yl)-3’-isopropy
I-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 279 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-ethoxy-4-methoxypyrimidin-
5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
(S-127), and 32.0 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-ethoxy-4-methoxypyrimidin-5-yl)-3’-isopropyl
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-127). MS (ESI):
mass calcd. for C29H26Cl2NsO4 592.14, m/z found 593.4 [M+H]*. *H-NMR (400MHz, DMSO-ds)
§ 11.75 (brs, 1H), 8.52 (d, 1H, J=6.8Hz), 7.567-6.486 (m, 6H), 4.46 (q, 2H, J =7.2Hz), 4.18-4.09
(m, 1H), 3.94 (s, 3H), 2.21 (s, 3H), 1.39 (t, 3H, J =7.2Hz), 1.09 (d, 3H, J =4.8Hz), 0.67(d, 3H, J
=6.0Hz).

Example 128
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4-(6-chloro-5’-(3-chlorophenyl)-3’-isopropyl-2,6°-dioxo-5,6’-dihydro-3’H-spiro[dihydroin
dole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-3-methoxybenzonitrile

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 353 mg of
(S)-4-(6-chloro-5’-(3-chlorophenyl)-3’-isopropyl-2,6’-dioxo-5",6’-dihydro-3’H
-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-3-methoxybenzonitrile (S-128), and
34.5 mg of (R)-4-(6-chloro-5’-(3-chlorophenyl)-3°-
isopropyl-2,6°-dioxo-5’,6’-dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl
)-3-methoxybenzonitrile (R-128). MS (ESI): mass calcd. for C29H2:CI2NsO3 557.10, m/z found
558.3 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.43 (brs, 1H), 7.73-6.96 (m, 10H), 4.06-4.04
(m, 1H), 3.86 (s, 3H), 1.04 (d, 3H, J =5.6Hz), 0.61 (d, 3H, J =5.6Hz).

Example 129
6-chloro-5-(3-chlorophenyl)-3’-isopropyl-2’-(2-methoxy-4-(trifluoromethyl)phenyl)-3°H-s
piro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

F1C
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 40.2 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-3’-isopropyl-2’-(2-methoxy-4-
(trifluoromethyl)phenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione
(5-129), and 44.7 mg of
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(R)-6-chloro-5’-(3-chlorophenyl)-3’-isopropyl-2’-(2-methoxy-4-(trifluoromethyl)phenyl)-3’H-sp
iro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-129). MS (ESI): mass calcd.
for C2oH21Cl2F3sN4O3 600.1, m/z found 601.3 [M+H]*. *H-NMR (400MHz, DMSO-ds) & 11.56
(brs, 1H), 7.68-6.95 (m, 10H), 4.07-4.04 (m, 1H), 3.88 (s, 3H), 1.10 (d, 3H, J =6.0Hz), 0.62 (d,
3H, J =6.0Hz).

Example 130

6-chloro-5-(5-chloro-2-methylphenyl)-2’-(2-fluoro-4,6-dimethoxyphenyl)-3’-isopropyl-3’

H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

0O

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 427 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-fluoro-4,6-dimethoxyphenyl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-130),
and 30.0 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-
(2-fluoro-4,6-dimethoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidaz
ole]-2,6’(5°H)-dione (R-130). MS (ESI): mass calcd. for CzoH25CI2FN4O4 594.12, m/z found
595.3 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.75 (brs, 1H), 7.44-6.60 (m, 8H), 4.00 (s, 1H),
3.86-3.77 (m, 6H), 3.86 (s, 3H), 3.81 (d, 3H, J =2.8Hz), 2.22(s, 3H), 1.23-1.01 (m, 3H),
0.69-0.61 (m, 3H).

Example 131
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(4,6-dimethoxypyridin-3-yl)-3’-isopropyl-3
"H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 455 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(4,6-dimethoxypyridin-3-yl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-131),
and 50.5 mg of (R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)
-2’-(4,6-dimethoxypyridin-3-yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidaz
ole]-2,6’(5°’H)-dione (R-131). MS (ESI): mass calcd. for CagH24Cl2NeOs 578, m/z found
579.3[M+H]". *H-NMR (400MHz, DMSO-ds) & 11.80 (brs, 1H), 8.50 (d, 1H, J =1.6Hz), 8.48 (d,
1H, J =2.0Hz), 8.14-7.00 (m, 4H), 6.60 (s, 1H), 4.09-4.06 (m, 1H), 3.92 (s, 3H), 3.84 (s, 3H),
2.27 (s, 3H), 1.08 (d, 3H, J =4.0Hz), 0.65 (d, 3H, J =4.0Hz).

Example 132
5-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5’,6’-dihydro-3"H-spiro[
dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxypyridylmethylcyanide
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 4.9 mg of
(S)-5-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5",6-
dihydro-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxypyridylmethylc
yanide (S-132), and 5.4 mg of (R)-5-(6-chloro-5’-(5-chloro-2-
methylphenyl)-3’-isopropyl-2,6’-dioxo-5,6’-dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-
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d]imidazole]-2’-yl)-4-methoxypyridylmethylcyanide (R-132). MS (ESI): mass calcd. for

C20H22C12NgO3 572.11, m/z found 573.4 [M+H]*. 'H-NMR (400MHz, DMSO-dg) & 11.36 (brs,

1H), 8.69 (d, 1H, J =6.8Hz), 8.06 (s, 1H),7.57-6.99 (m, 6H), 4.12-4.10 (m, 1H), 3.97 (s, 3H),

2.21 (s, 3H), 1.08 (d, 3H, J =7.6Hz), 0.65 (d, 3H, J =7.6Hz).

Example 133
6-chloro-5’-(5-chloro-2-fluorophenyl)-2’-(4,6-dimethoxypyridin-3-yl)-3’-isopropyl-3’H-spi

ro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

O

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 63.3 mg of
(S)-6-chloro-5’-(5-chloro-2-fluorophenyl)-2°-(4,6-dimethoxypyridin-3-yl)-3°-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-133), and
66.9 mg of (R)-6-chloro-5’-(5-chloro-2-fluorophenyl)-
2’-(4,6-dimethoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidaz
ole]-2,6’(5’H)-dione (R-133). MS (ESI): mass calcd. for Chemical Formula: C2gH22CIl2FN504
581.10, m/z found 582.4 [M+H]". *H-NMR (400MHz, DMSO-ds) & 11.57 (brs, 1H), 8.13 (s, 1H),
7.48 (d, 1H, J =7.2Hz), 7.36-7.32(m, 2H), 7.15 (d, 1H, J =8.0Hz), 7.06 (d, 1H, J =3.6Hz), 7.05 (s,
1H), 6.59 (s, 1H), 4.09-4.05 (m, 1H), 3.92 (s, 3H), 3.84 (s, 3H), 1.10 (d, 3H, J =6.4Hz), 0.64 (d,
3H, J =6.4Hz).

Example 134
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(2-ethoxy-4-methoxypyrimidin-5-yl)-3°-iso
propyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 38.8 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(2-ethoxy-4-

5  methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (S-134), and 40.0 mg of
(R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(2-ethoxy-4-methoxypyrimidin-5-yl)-3’-isop
ropyl-3’H-spiro[dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-134). MS (ESI):
mass calcd. for CasH2sCI2N704 593, m/z found 594.4[M+H]". *H-NMR (400MHz, DMSO-ds) &

10 11.79 (brs, 1H), 8.52-8.48 (m, 2H), 7.64-7.00 (m, 4H), 4.47 (q, 2H, J =6.8Hz), 4.21-4.18 (m, 1H),
3.99 (s, 3H), 2.27 (s, 3H), 1.39 (t, 3H, J =6.8Hz), 1.09 (d, 3H, J =6.4Hz), 0.68 (d, 3H, J =6.4Hz).
Example 135

6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(2-(dimethylamino)-4-methoxypyrimidin-5-
yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N
e} w\CI

N cl
N
NO ”
15 \

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 50.6 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(2-(dimethylamino)-4-
methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6

20  ’(5’H)-dione (S-135), and 50.9 mg of (R)-6-chloro-5’-(5-chloro
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-2-methylpyridin-3-yl)-2’-(2-(dimethylamino)-4-methoxypyrimidin-5-yl)-3’-isopropyl-3°H-spiro
[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-135). MS (ESI): mass calcd.
for Ca8H26C12NgO3 592, m/z found 593.4 [M+H]*. *H-NMR (400MHz, DMSO-ds) & 11.77 (brs,
1H), 8.50 (d, 1H, J=7.2Hz), 8.26 (d, 1H, J =5.2Hz), 7.62-6.99 (m, 4H), 4.17-4.14 (m, 1H), 3.90
(s, 3H), 3.19 (s, 6H), 2.26 (s, 3H), 1.09 (d, 3H, J =6.4Hz), 0.68 (d, 3H, J =6.4Hz).
Example 136
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(2-isopropoxy-4-methoxypyrimidin-5-yl)-3’
-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N=
0 w\CI

N Cl
NN

~0 \ NN
N%\ﬁ p
OﬁN
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 33.0 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(2-isopropoxy-4-
methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (S-136), and 30.5 mg of (R)-6-chloro-5-(5-chloro-
2-methylpyridin-3-yl)-2’-(2-isopropoxy-4-methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihyd
roindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-136). MS (ESI): mass calcd. for
CaoH2sCl2Ns04 606 m/z found 607.4[M+H]*.tH-NMR (400MHz, DMSO-ds) & 11.79 (brs, 1H),
8.51 (m, 2H), 7.63-7.00 (m, 4H), 5.32-5.28 (m, 1H), 4.22-4.16 (m, 1H), 3.94 (s, 3H), 2.27 (s, 3H),
1.37 (d, 6H, J =6.4Hz), 1.09 (d, 3H, J =6.4Hz), 0.68 (d, 3H, J =6.4Hz).
Example 137
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(6-isopropoxy-4-methoxypyridin-3-yl)-3’-is
opropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 30.9 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(6-isopropoxy-4-
methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(
5’H)-dione (S-137), and 32.3 mg of
(R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(6-isopropoxy-4-methoxypyridin-3-yl)-3’-is
opropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-137). MS
(ESI): mass calcd. for CsoH2sCI2NsO4 606, m/z found 607.4 [M+H]*. *H-NMR (400MHz,
DMSO-ds) 5 11.77 (brs, 1H), 8.50 (d, 1H, J =6.8Hz), 8.11 (d, 3H, J =6.4Hz), 7.64-7.00 (m, 4H),
6.52 (s, 1H), 5.35-5.32 (m, 1H), 4.10-4.07 (m, 1H), 3.83 (s, 3H), 2.27 (s, 3H), 1.33 (d, 6H, J
=6.0Hz), 1.08 (d, 3H, J =6.4Hz), 0.66 (d, 3H, J =6.4Hz).

Example 138
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxy-6-(trifluoromethyl)pyri
din-3-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

0 @CI
N cl
5 NN

No” N
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 426 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxy-6-

(trifluoromethyl)pyridin-3-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-

dione (5-138), and 40.9 mg of
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(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxy-6-(trifluoromethyl) pyrid
in-3-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (R-138). MS
(ESI): mass calcd. for CagH22CloF3NsOs 615.10, m/z found 616.3 [M+H]". *H-NMR (400MHz,
DMSO-ds) & 11.75 (brs, 1H), 8.72 (d, 1H, J =6.8Hz), 7.74 (s, 1H),7.59-6.49 (m, 6H), 4.20-4.11
(m, 1H), 4.02 (s, 3H), 2.22 (s, 3H), 1.18 (d, 3H, J =6.4Hz), 0.66 (d, 3H, J =6.4Hz).
Example 139
6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(6-ethoxy-4-methoxypyridin-3-yl)-3’-isopropyl-3’
H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

-
e} Cl
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NoO” N
7\ )\ H

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 457 mg of
(S)-6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(6-ethoxy-4-methoxypyridin-3-yl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-139),
and 42.1 mg of (R)-6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(6-ethoxy-4-
methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6(
5’H)-dione (R-139). MS (ESI): mass calcd. for Chemical Formula: C29H24Cl2FNsO4 Exact Mass:
595.12, m/z found 596.5 [M+H]". 'H-NMR (400MHz, DMSO-ds) 5 11.58 (brs, 1H), 8.08 (s, 1H),
7.49 (d, 1H, J =8.0Hz), 7.38 (d, 1H, J =8.4Hz), 7.16 (d, 1H, J =7.6Hz), 7.06 (s, 1H), 6.96 (s, 1H),
6.92 (d, 1H, J =9.6Hz), 6.56 (s, 1H), 4.40 (g, 2H, J =6.8Hz), 4.07-4.02 (m, 1H), 3.83 (s, 3H),
1.35 (t, 3H, J =6.8Hz), 1.11 (d, 3H, J =5.6Hz), 0.62 (d, 3H, J =6.0Hz).

Example 140
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2-(2-fluoroethoxy)-4-methoxypyrimidin-5-yl)-3
’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 36.1 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2-(2-fluoroethoxy)-4-

5  methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (S-140), and 315 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-(2-fluoroethoxy)-4-methoxypyrimidin-5-yl)-3’
-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-140). MS
(ESI): mass calcd. for CagH2sCI2FNgO4 610.13, m/z found 611.4 [M+H]*. 'H-NMR (400MHz,

10 DMSO-de): & 11.50 (brs, 1H), 8.539 (d, J = 7.2 Hz, 1H), 7.57-6.48 (m, 6H), 4.86-4.61 (m, 4H),
4.19-4.16 (m, 1H), 3.96 (s, 3H), 2.145 (s, 3H), 1.09 (d, J = 4.8 Hz, 3H), 0.66 (d, J = 6.0 Hz, 3H).
Example 141

6-chloro-5-(5-chloro-2-methylphenyl)-3°-isopropyl-2’-(4-methoxy-2-(2,2,2-trifluoroethoxy
)pyrimidin-5-yl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione

15 F
Title compounds were obtained by steps similar to those in Example 1, and supercritical

high-pressure preparative chromatography was performed to obtain 36.4 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2°-(4-methoxy-2-
(2,2,2-trifluoroethoxy)pyrimidin-5-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,
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6’(5’H)-dione (S-141), and 43.1 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxy-2-(2,2,2-trifluoroethoxy)
pyrimidin-5-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-141).
MS (ESI): mass calcd. for CasH21C12FsNsO4 646.11, m/z found 649.1 [M+H]*. *H-NMR (400
MHz, DMSO-ds) & 11.45 (brs, 1H), 8.60 (d, J= 7.6 Hz, 1H), 7.56 - 6.49 (m, 6H), 5.15 - 5.01 (m,
2H), 4.21 - 4.15 (m, 1H), 3.99 (s, 3H), 2.07 (s, 3H), 1.08 (d, J = 6.4 Hz, 3H), 0.66 (d, J = 6.4 Hz,
3H).
Example 142
6-chloro-5-(3-chlorophenyl)-3’-isopropyl-2’-(4-methoxy-6-(trifluoromethyl)pyridin-3-yl)-
3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

o) Q\CI
N cl
o NN

No” N
7\ )\ H
F3C N
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 209 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-3’-isopropyl-2’-(4-methoxy-6-
(trifluoromethyl)pyridin-3-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-
dione (S-142), and 21.6 mg of
(R)-6-chloro-5’-(3-chlorophenyl)-3’-isopropyl-2’-(4-methoxy-6-(trifluoromethyl)pyridin-3-yl)-3
"H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-142). MS (ESI): mass
calcd. for C2sH20Cl2FsNsO3 601.08, m/z found 602.1 [M+H]*.*H-NMR (400MHz, DMSO-de) &
11.56 (brs, 1H), 8.69 (s, 1H), 7.73 (s, 1H), 7.51 (d, 1H, J =8.8Hz), 7.39-7.35 (m, 2H), 7.16-7.01
(m, 2H), 6.98-6.97 (m, 2H), 4.13-4.08 (m, 1H), 4.01 (s, 3H), 1.12 (d, 3H, J =6.4Hz), 0.64 (d, 3H,
J =6.4H2).
Example 143
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(6-cyclopropyl-4-methoxypyridin-3-yl)-3’-i
sopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 23.6 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(6-cyclopropyl-4-
methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(
5’H)-dione (S-143), and 23.8 mg of
(R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(6-cyclopropyl-4-methoxypyridin-3-yl)-3’-is
opropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-143). MS
(ESI): mass calcd. for C3oH26Cl2NgO3 588, m/z found 589.2 [M+H]". *H-NMR ( 400MHz,
DMSO-ds ) & 11.76 (brs, 1H), 8.50 (d, 1H, J =8.0Hz), 8.30 (d, 1H, J =3.6Hz), 7.64-6.99 (m, 5H),
4.09-4.05 (m, 1H), 3.88 (s, 3H), 2.27 (s, 3H), 2.19-2.17 (m, 1H), 1.08 (d, 3H, J =6.4Hz),
1.02-1.00 (m, 4H), 0.65 (d, 3H, J =4.0Hz).
Example 144
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-3’-isopropyl-2’-(2-methoxy-4-(trifluoromethyl
)phenyl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N=
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 409 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-3’-isopropyl-2’-(2-methoxy-4-
(trifluoromethyl)phenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione

(S-144), and 47.4 mg of
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(R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-3’-isopropyl-2’-(2-methoxy-4-(trifluoromethyl)
phenyl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-144). MS
(ESI): mass calcd. for CaoH22CloFsNsOs 615, m/z found 616.4[M+H]*. 'H-NMR (400MHz,
DMSO-ds) & 11.79 (brs, 1H), 8.51(d, 1H, J =7.6Hz), 7.71-7.00 (m, 7H), 4.10-4.07 (m, 1H), 3.90
(s, 3H), 2.28 (s, 3H), 1.07 (d, 3H, J =5.2Hz), 0.66 (d, 3H, J =5.6Hz).
Example 145
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(4-cyclopropyl-2-methoxyphenyl)-3’-isopro
pyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

N
%QC.
—o NN
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 23.3 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(4-cyclopropyl-2-
methoxyphenyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-
dione (S-145), and 21.9 mg of
(R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(4-cyclopropyl-2-methoxyphenyl)-3’-isopro
pyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-145). MS (ESI):
mass calcd. for CaiH27Cl.NsO3 587, m/z found 588.2 [M+H]". *H-NMR (400MHz, DMSO-dg) &
11.71 (brs, 1H), 8.50 (d, 1H, J =7.6Hz), 7.62-6.78 (m, 7H), 4.09-4.06 (m, 1H), 3.78 (s, 3H), 2.27
(s, 3H), 2.01-1.99 (m, 1H), 1.06-1.01 (m, 5H), 0.85-0.80 (m, 2H), 0.62 (d, 3H, J =5.6Hz).
Example 146

6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-ethoxy-2-methoxypyridin-3-yl)-3’-isopropyl-3
"H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 17.2 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-ethoxy-2-methoxypyridin-3
-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
(S-146), and 21.7 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-ethoxy-2-methoxypyridin-3-yl)-3’-isopropyl-3’
H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-146). MS (ESI): mass
calcd. for CsoH27CI2NsO4 591.14, m/z found 592.2 [M+H]*. 'H-NMR (400MHz, DMSO-dg) &
11.55 (brs, 1H), 7.81-6.48 (m, 8H), 4.42 (g, 2H, J =7.2Hz), 4.13-4.11 (m, 1H), 3.88 (s, 3H), 2.22
(s, 3H), 1.38 (t, 3H, J =7.2Hz), 1.08 (d, 3H, J =6.4Hz), 0.66 (d, 3H, J =6.8Hz).

Example 147
6-chloro-5-(5-chloro-2-methylphenyl)-2°-(2-(2,2-difluoroethoxy)-4-methoxypyrimidin-5-y
1)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 52.3 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(2-(2,2-difluoroethoxy)-4-methoxypyrimidin-5-yl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (S-147),
and 48.2 mg of
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(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2-(2,2-difluoroethoxy)-4-methoxypyrimidin-5-yl
)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (R-147).
MS (ESI): mass calcd. for CagH24CloF2NgOs 628.12, m/z found 629.1 [M+H]*. 'H-NMR
(400MHz, DMSO-de) & 8.58 (d, 1H, J =7.2Hz), 7.56-6.46 (m, 7H), 4.74-4.66 (m, 2H), 4.17-4.10
(m, 1H), 3.98 (s, 3H), 2.21 (s, 3H), 2.01-1.98 (m, 1H), 1.09 (d, 3H, J =6.8Hz), 0.68 (d, 3H, J
=7.2Hz).
Example 148
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4-(2-hydroxyethoxy)-2-methoxyphenyl)-3°-isop
ropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

OH

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 43.3 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-(2-hydroxyethoxy)-2-methoxyphenyl)-3’-isopr
opyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (S-148), and 43.7
mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4-(2-hydroxyethoxy)-2-methoxyphenyl)-3’-isopr
opyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-148). MS (ESI):
mass calcd. for Ca1H2sCI2N4Os 606.14, m/z found 607.2 [M+H]*. tH-NMR (400 MHz, DMSO-ds)
§7.55 - 6.48 (m, 10H), 4.89 (t, J = 5.2 Hz, 1H), 4.10 - 4.05 (m, 3H), 3.78 - 3.74 (m, 5H), 2.07 (s,
3H), 1.06 (d, J = 5.6 Hz, 3H), 0.63 (d, J = 5.6 Hz, 3H).

Example 149
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(6-isopropyl-2-methoxypyridin-3-yl
)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 16.3 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(6-isopropyl-2-
methoxypyridin-3-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
(S-149), and 17.0 mg of (R)-6-chloro-5’-(5-chloro-2-methylphenyl)-
3’-isopropyl-2’-(6-isopropyl-2-methoxypyridin-3-yl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-
d]imidazole]-2,6’(5°’H)-dione (R-149). MS (ESI): mass calcd. for Cz9H31CI2Ns03 589.16, m/z
found 589.5[M+H]*. 'TH-NMR (400MHz, DMSO-ds) & 11.72 (brs, 1H), 7.84-7.81 (m, 1H ),
7.57(d, 1H, J=8.0Hz), 7.47(d, 1H, J=8.0Hz), 7.33-6.97 (m, 4H ), 6.49 (s ,1H), 4.10-4.07 (m, 1H),
3.89 (s, 3H ), 3.04-3.01 (m, 1H), 2.22 (s, 3H), 1.29 (d, 6H, J=6.8Hz) , 1.10 (d, 1H, J=6.8Hz),
0.66 (d, 1H, J=6.8Hz).

Example 150
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-(difluoromethoxy)-4-methoxypyridin-3-yl)-3’
-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

s
N Cl
N
N

NO
7 )\ H
o N
p
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 42.1 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(6-(difluoromethoxy)-4-
methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6(
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5’H)-dione (S-150), and 46.0 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(6-(difluoromethoxy)-4-methoxypyridin-3-yl)-3’-i
sopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-150). MS
(ESI): mass calcd. for CagH23ClF2Ns04 613.11, m/z found 614.5 [M+H]*. 'H-NMR (400MHz,
DMSO-ds) & 11.65 (brs, 1H), 8.25-6.48 (m, 8H), 4.09-4.07 (m, 1H), 3.91 (s, 3H), 2.22 (s, 3H),
1.08 (d, 3H, J =6.4Hz), 0.66 (d, 3H, J =6.4Hz).
Example 151
4-chloro-2-(6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-2,6°-dioxo-3’,6’-dihyd
ro-5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzonitrile

NC
e) Cl
N Cl
N

NOo” N
N7\ )\ :
O\%\N
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 119.4 mg of
(S)-4-chloro-2-(6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-
2,6’-dioxo0-3",6’-dihydro-5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzonitri
le (S-151), and 105.8 mg of
(R)-4-chloro-2-(6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-2,6’-dioxo-3’,6-dihydr
0-5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzonitrile (R-151). MS (ESI):
mass calcd. for CasH21CI2N704 589.10, m/z found 590.1 [M+H]*. tH-NMR (400 MHz, DMSO-ds)
§ 11.81 (brs, 1H), 8.56 (s, 1H), 8.01 (d, J = 8.8 Hz, 1H), 7.86 (d, J = 1.6 Hz, 1H), 7.56 - 7.53 (m,
1H), 7.25 (d, J = 8.4 Hz, 1H), 7.16 (d, J = 1.6 Hz, 1H), 7.09 - 7.07 (m, 1H), 4.24 - 4.17 (m, 1H),
4.00 (s, 3H), 3.95 (s, 3H), 1.21 (d, J = 6.4 Hz, 3H), 0.63 (d, J = 6.4 Hz, 3H).
Example 152
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-3’-isopropyl-2’-(4-methoxy-6-(trifluoromethyl
)pyridine-3-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 41.8 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-3’-isopropyl-2’-(4-methoxy-6-

5  (trifluoromethyl)pyridine-3-yl)-3’H-spiro[dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)
-dione (S-152), and 45.3 mg of (R)-6-chloro-5-(5-chloro-2-
methylpyridin-3-yl)-3’-isopropyl-2’-(4-methoxy-6-(trifluoromethyl)pyridine-3-yl)-3’H-spiro[dih
ydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-152). MS (ESI): mass calcd. for
C2sH21C1oF3NsO3 616 m/z found 617.1[M+H]*. *H-NMR ( 400MHz, DMSO-ds ) & 11.57 (brs,

10 1H), 8.72 (d, 1H, J =7.2Hz), 8.51 (d, 1H, J =6.4Hz), 7.74 (s, 1H), 7.66-7.01 (m, 5H), 4.16-4.11
(m, 1H), 4.02 (s, 3H), 2.27 (s, 3H), 1.10 (d, 3H, J =6.8Hz), 0.67 (d, 3H, J =6.4Hz).

Example 153
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(6-(2,2-difluoroethoxy)-4-methoxypyridin-3-yl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

0~ N
73 )\H
g N
]
15 F

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 451 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-(2,2-difluoroethoxy)-4-
methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(

20  5’H)-dione (S-153), and 46.6 mg of (R)-6-chloro-5’-(5-chloro-2-
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methylphenyl)-2’-(6-(2,2-difluoroethoxy)-4-methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydr
oindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-153). MS (ESI): mass calcd. for
CaoH2sCl2F2Ns04 627.12, m/z found 628.2[M+H]*. *H-NMR (400MHz, DMSO-ds) & 11.73 (brs,
1H), 8.16 (d, 1H, J=5.2Hz) ,7.57-6.42 (m, 7H), 4.68-4.61 (m, 2H), 4.08-4.04 (m, 1H), 3.87 (s,
3H), 2.22 (s, 3H), 1.08 (d, 3H, J =6.4Hz), 0.65 (d, 3H, J =6.4Hz).
Example 154
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxy-6-methylpyridin-3-yl)-
3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N cl
0 N

No” N
73 )\ H
=N
Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 39.3 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxy-6-
methylpyridin-3-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
(S-154), and 39.5 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(4-methoxy-6-methylpyridin-3-yl)-3
"H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-154). MS (ESI): mass
calcd. for CaoH25Cl2NsO3 561.13, m/z found 562.2 [M+H]*. 'H-NMR (400MHz, DMSO-d¢) &
11.73 (brs, 1H), 8.35 (d,1H, J =4.4Hz), 7.57-6.48 (m, 7H), 4.07-4.03 (m, 1H), 3.87 (s, 3H), 2.22
(s, 3H), 1.08 (d, 3H, J =6.8Hz), 0.64 (d, 3H, J =6.4Hz).
Example 155
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(6-(dimethylamino)-4-methoxypyridin-3-yl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

136



10

15

20

N
0 w\CI

N cl
0 M
N O ”
7 )\
—N N
\

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 9.1 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(6-(dimethylamino)-4-
methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(
5’H)-dione (S-155), and 9.9 mg of
(R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(6-(dimethylamino)-4-methoxypyridin-3-yl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (R-155).
MS (ESI): mass calcd. for C29H27CI2N703 591.16, m/z found 594.2 [M+H]*. *H-NMR (400MHz,
DMSO-ds) & 11.79 (brs, 1H), 8.50 (s, 1H), 8.49 (d, 1H, J =5.6Hz), 7.99-6.99 (m, 4H), 6.22 (s,
1H), 4.11-4.08 (m, 1H), 3.84 (s, 3H), 3.11 (s, 6H), 2.27 (s, 3H), 1.08 (d, 3H, J =6.4Hz), 0.65 (d,
3H, J =4.0Hz).

Example 156
6-chloro-5’-(5-chloro-2-isopropylphenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-3’
H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

gle)

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 50.95 mg of
6-chloro-5’-(5-chloro-2-isopropylphenyl)-2°-(2,4-dimethoxypyrimidin-
5-yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione. MS

(ESI): mass calcd. for C3oH2sCl2NgO4 606.15, m/z found 607.2 [M+H]*. *H-NMR (400MHz,
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DMSO-ds) & 8.53 (d, 1H, J=6.0Hz), 7.65-7.07 (m, 6H), 4.13-4.06(m, 1H), 3.99 (d, 3H,
J=13.6Hz), 3.96 (d, 3H, J=13.6Hz), 3.17-3.16 (m, 1H), 1.15-1.03 (m, 9H), 0.63(d, 3H, J=5.6Hz).
Example 157
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-(dimethylamino)-2-methoxypyridin-3-yl)-3’-i
sopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 16.2 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-(dimethylamino)-2-
methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6(
5’H)-dione (S-157), and 17.6 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-(dimethylamino)-2-methoxypyridin-3-yl)-3’-is
opropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-157). MS
(ESI): mass calcd. for C3oH2sCI2NsO3 590.16, m/z found 591.1 [M+H]*. tH-NMR (400 MHz,
DMSO-ds) 5 11.60 (brs, 1H), 7.58 - 6.29 (m, 8H), 4.21 - 4.14 (m, 1H), 3.83 (s, 3H), 3.09 (s, 6H),
2.14 (s, 3H), 1.07 (d, J = 6.8 Hz, 3H), 0.64 (d, J = 6.8 Hz, 3H).

Example 158
2-chloro-4-(6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-2,6°-dioxo-3’,6’-dihyd

ro-5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzonitrile
CN

5 N
NT O\
N

\

Title compounds were obtained by steps similar to those in Example 1, and supercritical
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high-pressure preparative chromatography was performed to obtain 1194 mg of
(S)-2-chloro-4-(6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropy|-
2,6’-dioxo0-3’,6’-dihydro-5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzonitri
le (S-158), and 105.8 mg of
(R)-2-chloro-4-(6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-2,6’-dioxo-3’,6-dihydr
0-5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzonitrile (R-158). MS (ESI):
mass calcd. for C2sH21CI2N704 589.10, m/z found 590.1 [M+H]*. *H-NMR (400 MHz, DMSO-ds)
§ 11.81 (brs, 1H), 8.52 (s, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.54 (d, J = 2.4 Hz, 1H), 7.47 (d, J = 8.0
Hz, 1H), 7.17 - 7.09 (m, 3H), 4.20 - 4.13 (m, 1H), 3.99 (s, 3H), 3.94 (s, 3H), 1.13 (d, J = 6.8 Hz,
3H), 0.61 (d, J = 6.8 Hz, 3H).
Example 159
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(2-cyclopropyl-4-methoxypyrimidin-5-yl)-3
’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione

N
0 \S\\}C'

N Cl

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 559 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(2-cyclopropyl-4-
methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (S-159), and 55.7 mg of
(R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(2-cyclopropyl-4-methoxypyrimidin-5-yl)-3°
-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-159). MS
(ESI): mass calcd. for C3oH26Cl2NgO3 589.14, m/z found 590.2 [M+H]*. *H-NMR (400MHz,
DMSO-dg) & 11.65 (brs, 1H), 8.56-7.00 (m, 6H), 4.17-4.14 (m, 1H), 3.94 (s, 3H), 2.27 (s, 3H),
2.20-2.19 (m, 1H), 1.13-1.07 (m, 7H), 0.68 (d, 3H, J =6.8Hz).

Example 160

3-chloro-5-(6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-2,6°’-dioxo-3’,6’-dihyd
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ro-5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzonitrile

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 204 mg of
5  (S)-3-chloro-5-(6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3°-isopropyl-2,6°’-
dioxo-3’,6’-dihydro-5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzonitrile
(S-160), and 23.3 mg of
(R)-3-chloro-5-(6-chloro-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-isopropyl-2,6’-dioxo-3’,6-dihydr
0-5’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-5’-yl)benzonitrile (R-160). MS (ESI):
10  mass calcd. for CasH21Cl2N704 589.10, m/z found 590.1 [M+H]*. *H-NMR (400MHz, DMSO-ds)
§ 11.71(brs, 1H), 8.52(s, 1H), 7.98 (s, 1H), 7.51-7.45(m, 3H), 7.18-7.16(m, 1H), 7.08 (s, 1H),
4.17-4.16 (m, 1H), 3.99 (s, 3H), 3.94 (s, 3H), 1.12 (d, 3H, J =5.2Hz), 0.64 (d, 3H, J =4.8Hz).
Example 161
6-chloro-5’-(3-chloro-4-(trifluoromethoxy)phenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-iso

15  propyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
FsC

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 204 mg of

(S)-6-chloro-5’-(3-chloro-4-(trifluoromethoxy)phenyl)-2’-(2,4-
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dimethoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-
2,6°(5’H)-dione (5-161), and 23.3 mg of
(R)-6-chloro-5’-(3-chloro-4-(trifluoromethoxy)phenyl)-2’-(2,4-dimethoxypyrimidin-5-yl)-3’-iso
propyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-161). MS
(ESI): mass calcd. for C2sH21Cl2F3NgOs 648.09, m/z found 649.1 [M+H]*. *H-NMR (400 MHz,
DMSO-ds) & 11.63 (brs, 1H), 8.52 (s, 1H), 7.61 - 7.50 (m, 2H), 7.38 (d, J=2.4 Hz, 1H), 7.18 -
7.05 (m, 3H), 4.20 - 4.13 (m, 1H), 3.99 (s, 3H), 3.95 (s, 3H), 1.11 (d, J = 6.8 Hz, 3H), 0.64 (d, J
= 6.8 Hz, 3H).
Example 162
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4-((2-hydroxyethyl)(methyl)amino)-2-methoxyp
henyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 16.7 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(4-((2-hydroxyethyl)(methyl)
amino)-2-methoxyphenyl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-
2,6’(5’H)-dione (S-162), and 16.7 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4-((2-hydroxyethyl)(methyl)amino)-2-methoxyp
henyl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
(R-162). MS (ESI): mass calcd. for Cs2Hz1CloNsOs, 619.18 m/z found 620.2 [M+H]*. *H-NMR
(400MHz, DMSO-dg) & 11.80 (brs, 1H), 7.51-6.34 (m, 9H), 4.72 (t, 1H, J=5.0Hz), 4.13-4.10 (m,
1H), 3.76(s, 3H),3.60-3.57 (m, 2H), 3.49-3.47 (m, 2H), 3.02 (s, 3H), 2.22 (s, 3H), 1.05 (d, 3H,
J=6.0Hz), 0.62 (d, 3H, J=5.6Hz).

Example 163
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6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-(2-fluoroethoxy)-4-methoxypyridin-3-yl)-3°’-is
opropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
5 high-pressure preparative chromatography was performed to obtain 124 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-(2-fluoroethoxy)-4-
methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(
5’H)-dione (S-163), and 12.4 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-(2-fluoroethoxy)-4-methoxypyridin-3-yl)-3°-is
10  opropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione  (R-163). MS
(ESI): mass calcd. for CsoH26CI2FNsO4 609.13, m/z found 610.1[M+H]". *H-NMR (400MHz,
DMSO-ds) & 11.73 (brs, 1H), 8.13 (d, 1H, J=4.8Hz ), 7.54-6.91 (m, 6H), 6.67 (5,1H), 4.83-4.54
(m, 4H), 4.07-4.06 (m, 1H), 3.86 (s, 3H), 2.21 (s, 3H), 1.08(d, 3H, J=6.0Hz), 0.65 (d, 3H,
J=6.0Hz).
15 Example 164
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(6-isopropyl-4-methoxypyridin-3-yl
)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

0 @\CI
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N

Title compounds were obtained by steps similar to those in Example 1, and supercritical
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high-pressure preparative chromatography was performed to obtain 144 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(6-isopropyl-4-
methoxypyridin-3-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
(S-164), and 14.5 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(6-isopropyl-4-methoxypyridin-3-yl)
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-164). MS (ESI):
mass calcd. for C31H29CI2Ns03, 589.16 m/z found 590.2 [M+H]*. *H-NMR (400MHz, DMSO-ds)
8 11.5 (brs, 1H), 8.43 (d, 1H, J=4.8Hz), 7.59-6.49 (m, 7H), 4.11-4.02 (m,1H), 3.91(s, 3H),
3.12-3.09 (m, 1H), 2.22 (s, 3H), 1.30-1.29 (m, 6H), 1.07 (d, 3H, J=6.8Hz), 0.65 (d, 3H,
J=6.8Hz).
Example 165
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,4-dimethoxyphenyl)-3’-(1-hydroxypropan-2-y
1)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

OH

O

Steps similar to those in Example 1 were performed to obtain 20.0 mg of the title compound
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,4-dimethoxyphenyl)
-3’-(1-hydroxypropan-2-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-di
one. MS (ESI): mass calcd. for CsoH26CI2N4Os 592.13, m/z found 593.1 [M+H]*. 'H-NMR
(400MHz, DMSO-ds) & 10.80 (brs, 1H), 9.35 (s, 1H), 7.59-6.71 (m, 9H), 4.33-4.29 (m, 2H),
3.93-3.85 (m, 7H), 2.07 (s, 3H), 1.18 (d, J = 6.0 Hz, 3H).

Example 166
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-3’-isopropyl-2’-(6-isopropyl-4-methoxypyridi
n-3-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 31.8 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-3’-isopropyl-2’-(6-isopropyl
-4-methoxypyridin-3-yl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
(S-166), and 33.1 mg of (R)-6-chloro-5-(5-chloro-2-methylpyridin
-3-yl)-3’-isopropyl-2’-(6-isopropyl-4-methoxypyridin-3-yl)-3°H-spiro[dihydroindole-3,4’-pyrrol
0[3,4-d]imidazole]-2,6’(5’H)-dione (R-166). MS (ESI): mass calcd. for C3oH2sCI2NsO3, 590.16
m/z found 591.2 [M+H]*. *H-NMR (400MHz, DMSO-ds) & 11.59 (brs, 1H), 8.51-8.41 (m,2H),
7.67-7.01(m, 5H), 4.12-4.05 (m,1H), 3.90 (s, 3H), 3.11-3.06 (m, 1H), 2.50 (s, 3H), 1.30 (d, 6H,
J=6.8Hz ), 1.09 (d, 3H, J=6.4Hz), 0.66 (d, 3H, J=4.0Hz).

Example 167
6-chloro-5-(5-chloro-2-methylphenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)-3’-(1-hydroxyme
thylpropan-2-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

N cl
—o WM
N O H
#\ﬁ >
O)QN OH
\

Steps similar to those in Example 1 were performed to obtain 50.6 mg of the title compound
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(2,4-dimethoxypyrimidin-5-yl)
-3’-(1-hydroxymethylpropan-2-yl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5
"H)-dione. MS (ESI): mass calcd. for C2sH24Cl2NeOs 594.12, m/z found 595.1 [M+H]*.*H-NMR
(400MHz, DMSO-ds) 6 10.80 (brs, 1H), 9.43 (s, 1H), 8.66 (s, 1H), 7.50 (s, 1H), 7.50-6.88 (m,

5H), 4.40-4.31(m, 2H), 4.02 (s, 6H), 3.93 (d, J = 12.0 Hz ), 2.05 (s, 3H), 1.24 (s, 3H ).
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Example 168
6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4,6-dimethoxypyridin-3-yl)-3’-(1-hydroxypropa
n-2-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

— N

No” N
e
[0) =N OH
\

Steps similar to those in Example 1 were performed to obtain 101.2 mg of the title
compound 6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(4,6-dimethoxypyridin-3-yl)
-3’-(1-hydroxypropan-2-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-di
one. MS (ESI): mass calcd. for Ca9H2sCI2NsOs 593.12, m/z found 594.1 [M+H]*. 'H-NMR
(400MHz, DMSO-ds) & 10.83 (brs, 1H), 9.42 (s, 1H), 8.25 (s, 1H), 7.53 (d, J = 2.4 Hz, 1H),
7.28-6.88 (M, 6H), 6.64 (s, 1H), 4.34-4.30 (m, 2H), 3.94-3.91(m, 7H), 2.06 (s, 3H), 1.21 (d, 6.8
Hz, 3H).

Example 169
6-chloro-5’-(5-chloro-2-methylphenyl)-2’-(6-ethoxy-4-methoxypyridin-3-yl)-3’-(1-hydroxy
propan-2-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5°H)-dione

0) OH

Steps similar to those in Example 1 were performed to obtain 151.1 mg of the title
compound 6-chloro-5’-(5-chloro-2-methylphenyl)-2°-(6-ethoxy-4-
methoxypyridin-3-yl)-3’-(1-hydroxypropan-2-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]im
idazole]-2,6°(5’H)-dione. MS (ESI): mass calcd. for C27H22CI2NeO3 607.14, m/z found 608.1
[M+H]*. *H-NMR (400 MHz, DMSO-ds) & 10.83 (brs, 1H), 9.41 (s, 1H), 8.23 (s, 1H), 7.53 (d, J

=2.4 Hz, 1H), 7.28 - 6.89 (m, 5H), 6.62 (s, 1H), 4.42 - 4.30 (m, 4H), 3.93 - 3.90 (M, 4H), 2.06 (s,
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3H), 1.36 (t, J = 6.8 Hz, 3H), 1.21 (d, J = 6.8 Hz, 3H).

Example 170
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(2-(2-fluoroethoxy)-4-methoxypyrimidin-5-

yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N
/O%/f\%;f

Cl

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 252 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2°-(2-(2-fluoroethoxy)-4-
methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (S-170), and 25.9 mg of
(R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(2-(2-fluoroethoxy)-4-methoxypyrimidin-5-
yl)-3’-isopropyl-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-170).
MS (ESI): mass calcd. for CasH24CI,FN7Os 611.12, m/z found 612.1 [M+H]*. H-NMR
(400MHz, DMSO-ds) & 11.65 (brs, 1H), 8.56-8.49 (m, 2H), 7.64-7.00 (m, 4H), 4.87-4.85 (m,
1H), 4.75-4.73 (m, 1H), 4.69 -4.67 (m, 1H), 4.61-4.59 (m, 1H), 4.19-4.18 (m, 1H), 3.96 (s, 3H),
2.27 (s, 3H), 1.09 (d, 3H, J =6.8Hz), 0.68 (d, 3H, J =5.6Hz).

Example 171
6-chloro-5’-(3-chlorophenyl)-2’-(2-(2-fluoroethoxy)-4-methoxypyrimidin-5-yl)-3’-isopropy
I-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 53 mg of
(S)-6-chloro-5’-(3-chlorophenyl)-2’-(2-(2-fluoroethoxy)-4-methoxypyrimidin

5 -5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
(S-171), and 4.3 mg of
(R)-6-chloro-5’-(3-chlorophenyl)-2’-(2-(2-fluoroethoxy)-4-methoxypyrimidin-5-yl)-3’-isopropyl
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-171). MS (ESI):
mass calcd. for CogHasCl.FNOs, 596.11 m/z found 597.1 [M+H]*. H-NMR (400MHz,

10 DMSO-ds) & 11.59 (brs, 1H), 8.52 (s, 1H), 7.49 (d, 1H, J=8.0Hz), 7.38-7.35 (m, 2H), 7.15-7.12
(m, 2H), 7.01 (d, 1H, J=2.0Hz), 6.98-6.95 (m, 1H), 4.87-4.59 (m, 4H), 4.18-4.15 (m, 1H), 3.95 (s,
3H), 1.12 (d, 3H, J=6.8Hz), 0.65 (d, 3H, J=6.8Hz).

Example 172
6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-isopropyl-4-methoxypyrimidin-5

15  -yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N cl
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N O ”
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 19.6 mg of
(S)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-isopropyl-4-

20  methoxypyrimidin-5-yl)-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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(S-172), and 18.1 mg of
(R)-6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2’-(2-isopropyl-4-methoxypyrimidin-5-
yl)-3’H-spiro[dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-172). MS (ESI):
mass calcd. for CaoH2sCl2NgO3 590.19, m/z found 591.1[M+H]". *H-NMR (400MHz, DMSO-ds)
& 11.78 (brs, 1H), 8.67 (d, 1H, J=6.4Hz), 8.29-6.48 (m, 6H), 4.08-4.06 (m, 1H), 3.98 (s, 3H),
3.14-3.11 (m, 1H), 2.22 (s, 3H), 1.34 (d, 6H, J=6.8Hz), 1.10 (d, 3H, J = 6.4Hz), 0.68 (d, 3H, J
=6.8Hz).
Example 173
6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(6-(2-fluoroethoxy)-4-methoxypyridin-3-yl)
-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

N=
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 20.1 mg of
(S)-6-chloro-5’-(5-chloro-2-methylpyridin-3-y1)-2°-(6-(2-fluoroethoxy)-4-
methoxypyridin-3-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6(
5’H)-dione (S-173), and 19.6 mg of
(R)-6-chloro-5’-(5-chloro-2-methylpyridin-3-yl)-2’-(6-(2-fluoroethoxy)-4-methoxypyridin-3-yl)-
3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione  (R-173).
MS (ESI): mass calcd. for CaoHzsCloFNgOs 610.12, m/z found 611.2 [M+H]*. H-NMR
(400MHz, DMSO-dg) & 11.81 (brs, 1H), 8.51 (dd, 1H, J* =8.4Hz, J2 =2.4Hz), 8.14 (d, 1H, J
=5.6Hz), 7.62-7.00 (m, 4H), 6.69 (s, 3H), 4.84-4.82 (m, 1H), 4.72-4.70 (m, 1H), 4.63-4.61 (m,
1H), 4.55-4.54 (m, 1H), 4.09-4.07 (m, 1H), 3.86 (s, 3H), 2.27 (s, 3H), 1.08 (d, 3H, J =6.4Hz),
0.65 (d, 3H, J =6.4Hz).

Example 174
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6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(2-cyclopropyl-4-methoxypyrimidin-5-yl)-3’-isop
ropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
5 high-pressure preparative chromatography was performed to obtain 37.8 mg of
(S)-6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(2-cyclopropyl-4-
methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6
’(5’H)-dione (S-174), and 39.0 mg of
(R)-6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(2-cyclopropyl-4-methoxypyrimidin-5-yl)-3’-isopr
10  opyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-174). MS (ESI):
mass calcd. for CooH23Ci2FNeOs 592.12, m/z found 593.1 [M+H]*. H-NMR (400MHz,
DMSO-ds) & 11.75 (brs, 1H), 8.53 (s, 1H), 7.50 (d, 1H, J =8.0Hz), 7.41-6.89 (m, 5H), 4.17-4.10
(m, 1H), 3.93 (s, 3H), 2.23-2.17 (m, 1H), 1.12-1.11 (m, 7H), 0.65 (d, 3H, J =6.8Hz).
Example 175
15 6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(4,6-dimethoxypyridin-3-yl)-3’-isopropyl-3’H-spi
ro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical

high-pressure preparative chromatography was performed to obtain 452 mg of
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(S)-6-chloro-5’-(3-chloro-5-fluorophenyl)-2°-(4,6-dimethoxypyridin-3-yl)-3’-
isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (S-175), and
44.9 mg of
(R)-6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(4,6-dimethoxypyridin-3-yl)-3’-isopropyl-3"H-spir
o[dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione (R-175). MS (ESI): mass calcd.
for CsH22CloFNsO4 581.10, m/z found 582.1 [M+H]*. 'H-NMR (400MHz, DMSO-ds) & 11.69
(brs, 1H), 8.11 (s, 1H), 7.50 (d, 1H, J =8.4Hz), 7.48-6.90 (m, 5H), 6.60 (s, 1H), 4.09-4.02 (m,
1H), 3.91 (s, 3H), 3.83 (s, 3H), 1.11(d, 3H, J =6.4Hz), 0.61 (d, 3H, J =6.0H2).
Example 176
6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(6-cyclopropyl-4-methoxypyridin-3-yl)-3’-isopro
pyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione
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Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 40.3 mg of
(S)-6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(6-cyclopropyl-4-methoxypyridin
-3-y)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
(S-176), and 40.6 mg of
(R)-6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(6-cyclopropyl-4-methoxypyridin-3-yl)-3’-isoprop
yl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione (R-176). MS (ESI):
mass calcd. for CgoH24CI2FNsOs 591.12, m/z found 592.1 [M+H]*. H-NMR (400MHz,
DMSO-ds) 5 11.69 (brs, 1H), 8.27 (s, 1H), 7.51 (d, 1H, J =8.4Hz), 7.40-6.80 (m, 6H), 4.09-4.04
(m, 1H), 3.87 (s, 3H), 2.21-2.07 (m, 1H), 1.11 (d, 3H, J =6.4Hz), 1.10-0.99 (m, 4H), 0.60 (d, 3H,
J =6.4Hz).

Example 177
6-chloro-5-(3-chlorophenyl)-2’-(6-(2-fluoroethoxy)-4-methoxypyridin-3-yl)-3’-isopropyl-3
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"H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure  preparative chromatography was performed to obtain 53 mg of
5  (S)-6-chloro-5’-(3-chlorophenyl)-2’-(6-(2-fluoroethoxy)-4-methoxypyridin-3
-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
(S-177), and 4.3 mg of
(R)-6-chloro-5’-(3-chlorophenyl)-2’-(6-(2-fluoroethoxy)-4-methoxypyridin-3-yl)-3’-isopropyl-3’
H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5°H)-dione (R-177). MS (ESI): mass
10  calcd. for CagH24CI2FNsO4 595.12, m/z found 596.2 [M+H]*. *H-NMR (400MHz, DMSO-ds) §
11.56 (brs, 1H), 8.11 (s, 1H), 7.49-6.95 (m, 7H), 6.68 (s ,1H), 4.83-4.53 (m, 4H), 4.09-4.02 (m,
1H), 1.11 (d, 3H, J=6.4Hz), 0.62 (d, 3H, J=6.4Hz).
Example 178
6-chloro-5-(3-chlorophenyl)-2’-(4,6-dimethoxypyridin-3-yl)-3’-(1-hydroxypropan-2-yl)-3’
15  H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione

(o) OH

Steps similar to those in Example 1 were performed to obtain 120.1 mg of the title
compound 6-chloro-5’-(3-chlorophenyl)-2°-(4,6-dimethoxypyridin-3-yl)-3°’-
(1-hydroxypropan-2-yl)-3°H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’ (5 H)-dione.

20 MS (ESI): mass calcd. for CogH23CloNsOs 579.11 m/z found 580.1 [M+H]*.*H-NMR (400MHz,
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DMSO-ds)  10.88 (brs, 1H), 10.06 (s, 1H), 8.24 (s, 1H), 7.80 (s, 1H), 7.79-6.92 (m, 6H), 6.63 (s,

1H), 4.32-4.29 (m, 2H), 3.94 (s, 6H), 3.92-3.89 (m, 1H), 1.22 (d, 3H, J = 6.8Hz).

Example 179
5-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6’-dioxo-5’,6’-dihydro-3’H-spiro[

dihydroindole-3.,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxypyrimidine-2-methylcyanide

%@Cl
— N
No” N
N%\jL .
N
Steps similar to those in Example 1 were performed to obtain 4.3 mg of the title compound
5-(6-chloro-5’-(5-chloro-2-methylphenyl)-3’-isopropyl-2,6°-dioxo-5,6’-
dihydro-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2’-yl)-4-methoxypyrimidine-2-
methylcyanide. MS (ESI): mass calcd. for C2sH2:Ci2N7O3 Exact Mass: 573.11, m/z found 574.1
[M+H]*.*H-NMR (400MHz, DMSO-ds) & 11.81 (brs, 1H), 8.96 (d, J = 8.4 Hz, 1H), 7.59-6.50
(m, 6H), 4.27-4.22 (m, 1H), 4.05 (s, 3H), 2.21 (s, 3H), 1.10 (d, J =6.8Hz, 3H), 0.67 (d, J =6.4Hz,
3H).
Example 180
6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(2-ethoxy-4-methoxypyrimidin-5-yl)-3’-isopropyl
-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6°(5’H)-dione

Title compounds were obtained by steps similar to those in Example 1, and supercritical
high-pressure preparative chromatography was performed to obtain 44.3 mg of
(S)-6-chloro-5’-(3-chloro-5-fluorophenyl)-2’-(2-ethoxy-4-methoxypyrimidin

-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-d]imidazole]-2,6’(5’H)-dione
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(S-180), and 45.1 mg of (R)-6-chloro-5’-(3-chloro-5-fluorophenyl)-

2’-(2-ethoxy-4-methoxypyrimidin-5-yl)-3’-isopropyl-3’H-spiro[dihydroindole-3,4’-pyrrolo[3,4-

d]imidazole]-2,6’(5’H)-dione (R-180). MS (ESI): mass calcd. for CzsH23Cl2FNgO4 596.11, m/z

found 597.1 [M+H]*.'H-NMR (400 MHz, DMSO-ds) & 11.69 (brs, 1H), 8.50 (d, J =3.2Hz, 1H),
5 750 (d, J = 8.4 Hz, 1H), 7.41 — 6.90 (m, 5H), 4.47 (q, J =6.8Hz, 2H), 4.21 - 4.14 (m, 1H), 3.97

(s, 3H), 1.27 (t, J =6.4Hz, 2H), 1.13 (d, J = 6.8Hz, 3H), 0.64 (d, J = 6.4 Hz, 3H).

In order to verify the activity of the MDM2 inhibitors according to the present invention,
the present invention further provides several representative Experimental Examples.

Experimental Example 1 Determination of the inhibitory activities of the compounds of the

10  present invention on MDM2 by a biological assay method
Experimental purpose: To determine the inhibitory activities of the compounds of the present
invention on MDM2.

The present experiment uses the following assay methods/instruments/reagents:

Name Type (Product Manufacturer
code)

Plate shaker MTS2/4 IKA

Microplate reader M1000pro TECAN

Centrifuge Avanti J-26XP Beckman Coulter

GST-MDM2(70uM) In-house purification

Biotin-P53 (100uM) GL Biochem

Anti-GST-Tb(100x) 61GSTTLA Cisbio

SA-XL665(16.67uM) 610SAXLA Cisbio

BSA B2064 Sigma

AEBSF 76307 Sigma

DTT 43816 Sigma

PBS 20012-027 Cishio

Experiment subjects:

15 Positive control group: Compound HDMZ201, disclosed in patent No. 201380016617.6;
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synthesized in laboratory.

Experimental groups S-1 to R-180, corresponding to the compounds prepared in Examples
1-180, respectively.
Experiment procedure:
Solution preparation:

Buffer: 1 x PBS + 0.1% BSA + 5mM DTT,; MDM2 Buffer: Buffer + 1ImM AEBSF

GST-MDMZ2: The final concentration is 4 nM, and it is required to formulate a 20 nM (5x)
solution. A mother liquor is diluted by 3500 folds, wherein the mother liquor is 10-fold diluted
first, and then 350-fold diluted.

Biotin-P53: The final concentration is 37 nM, and it is required to formulate a 185 nM (5x)
solution. A mother liquor is diluted by 540.5 folds.

SA-XL665: The final concentration is 4.625 nM, and it is required to formulated a 1805 nM
(4x) solution. A mother liquor is diluted by 901 folds.

Anti-GST-Thb: The final concentration is 2X, and a mother liquor is diluted by 50 folds.

MIX: GST-MDM2, Biotin-P53, SA-XL665 and Anti-GST-Tb were mixed according to a
ratio of 4:4:5:5.

Sample: Preparation of a sample (10 mM in DMSO) solution: a. 3 uL sample + 7 uL DMSO
+ 20 uL DMSO were formulated to give an initial concentration of 1 mM and mixed well; b. in
plate 1, twelve 5-fold serial dilutions (sequentially prepared by adding 10 pL of the last sample
to 40 uL DMSO) were prepared and mixed well, individually; c. plate 2 was taken, 45 uL of
Buffer was added to each well, and 5 pL of diliution at each concentration was taken from plate
1 and added to the corresponding well in plate 2 (the concentration in well 1 was 100 uM), and
mixed well.
Experimental steps:

1. 18 uL of MIX was added to a 384-well plate, and centrifugation was performed at 4500
rpm for 5 min.

2. 2 uL of sample was added correspondingly to each well, the resultant was centrifuged at
25°C and 4500 rpm for 5 min, and shaked at 25°C for 90 min on a shaker.

Readings were obtained from the Microplate reader, and data was processed by Graphpad

Prism 6.0.
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fluorescence vale at fluorescence vale at

Inhibition rate at each zero point concentration each concentration point

. o = =100%
concentration point (inh%) fluorescence vale at zero concentration ’

Table 1: Test results of inhibitory activities of the compounds of the present invention on

MDM2 (ICso: nM)

Experimental subject Inhibition test of MDM2-P53, ICsg (M)
HDM201 2.50
5-1 2.21
R-1 61789
6.2 1.13
R-2 117.50
5.3 492
R-3 1194 23
54 3.37
R-4 132,48
§-5 322
R-5 109 29
5.6 2.21
R-6 142,26
5-7 73.24
R-7 35972.70
5-8 3.29
R-§ 32921
§-0 2.38
R0 33239
S-10 2.77
R-10 | 16.59
5-11 1.58
R-11 257.20
5-12 3.55
R-12 367.64
S-13 2.55
R-13 | 20.80
5-14 1.34
R-14 460.77
8-15 1.62
R-15 107.21
5-16 3.39
R-16 57033
5-17 3.75
R-17 4937
S-18 1.43

155



R-18 158.09
5-19 346
E-19 MNA
5-20 4.39
R-20 256.30
5-21 1.34
R-21 222.76
§-22 1.10
R-22 626.74
5-23 2.80
R-23 17499
5-24 4.40
R-24 391.92
5-25 2.52
R-25 51.85
5-26 237
R-26 235374
5-27 3.45
R-27 924.43
5-28 5432
R-28 310944
5-29 1.01
R-29 93.57
5-30 331
R-30 180611
5-31 60.11
R-31 1403.96
5-32 389
R-32 110034
5-33 247
R-33 591.54
§5-34 13947
R-34 NA
5-35 23 .40
R-35 NA
5-36 4.67
R-36 46419
5-37 22.01
R-37 3111.09
5-38 12.01
R-38 111599
§-39 3.93
R-35 1847.84
5-40 3.85
R-40 32224
5-41 149.25
R-41 731732
5-42 1.51
R-42 Jo4.49
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5-43 3.28
R-43 129.78
S-44 118
R-44 5111
S-45 172
R-45 170.63
8-46 236.27
R-46 233241
§-47 116
R-47 20081
S-48 1.46
R-48 195 57
5-49 1.72
R-49 71.38
§-50 85.52
R-=50 2041023
851 436
R-51 54730
8-52 0.87
R-52 540.41
5-53 0.84
R-53 3768.80
5-54 225
F-54 1961 81
§-35 4.25
R-55 43730
$-56 519
R-56 154.99
8-57 3.04
R-57 426.50
5-58 11.42
R-58 1429 18
§-39 2.29
R-50 68937
S-60 181
R-60 1072.13
S-61 131
R-61 135.68
S-62 161
R-62 252 45
5-63 116
R-63 537.10
S-64 11.83
R-64 1023.67
8-65 404
R-65 497.90
S-66 1.50
R-66 8588
$-67 1.22
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R-67 35464
5-08 232
R-68 656,97
5-69 |.78
R-69 635.65
S-70 0.94
R-70 11112
5-71 2.96
R-71 100.03
5-72 0.90
R-72 21352
5-73 .10
R-73 142.35
S5-74 (.98
R-74 93.42
§-75 0.97
R-75 122.38
5-76 4.23
R-T6 3759.08
5-77 1.86
R-77 139.30
S5-78 1.42
R-T78 22223
5-79 1.89
R-79 28533
5-80 2.56
R-80 36285
5-81 1.23
R-E1 53.27
5-82 1.16
R-82 394 36
8-83 223
R-83 B7.64
84 3.78
5-85 3.30
R-85 493.70
5-86 2.59
R-86 142.00
5-87 3.31
R-87 473.20
5-88 2.34
R-88 399.20
5-89 4.32
R-89 568.90
5-90 1.38
R-90 30580
§5-91 3.56
R-91 460.90
5-92 1.72
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R-92 37783
5-93 389
R-93 658,14
5-94 4.72
R-94 840.35
5-95 1.92
R-95 166815
5-96 1.04
R-96 150.65
5-97 3.94
R-97 373
5-98 .27
R-98 1034.32
5-99 2.56
R-99 11526
5-100 3.14
R-100 632.69
S-101 9,86
R-101 1999 .88
5-102 2.01
R-102 412.91
S5-103 1.81
R-103 180.98
5-104 2.26
R-104 146.16
5-105 11.20
R-105 342.96
5-106 259
F.-106 481.33
5-107 4.55
R-107 535.09
S-108 87
R-108 690.54
5-109 234
R-109 380.99
S5-110 1.60
R-110 T04 44
5-111 1.52
R-111 11036
S5-112 1.15
R-112 103.77
5-113 1.25
R-113 50.54
S5-114 3.20
R-114 261.25
5-115 1.30
R-115 268.55
5-116 4.18
R-116 68919
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S5-117 2.15
R-117 23273
S-118 3.5]
R-118 436.15
5-119 239
R-119 851.01
S5-120 901
R-120 4TTH 08
5-121 3.35
R-121 300.14
S8-122 276
R-122 79409
S5-123 211
R-123 115.65
5-124 291
R-124 1314.68
125 20,79
S5-126 1.52
R-126 193 43
5-127 276
R-127 91.04
S5-128 1.09
R-128 61242
8-129 384
R-129 14930
S-130 5.59
R-130 568.03
5-131 1.17
F-131 11979
8-132 3.60
R-132 320,63
8-133 1.41
R-133 110964
5-134 2.60
R-134 322.16
S5-135 1.36
R-135 42257
5-136 2.35
R-136 180000
5-137 1.65
R-137 421.88
5-138 1.04
R-138 132.36
5-139 1.36
R-139 341.78
S5-140 1.06
R-140 147 .08
5-141 3.42
R-141 76236
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S5-142 1.45
R-142 137.08
5-143 1.10
R-143 21430
S5-144 3.84
R-144 119.22
5-145 2.05
R-145 T49.40
S-146 3.44
R-146 6712.03
5-147 589
R-147 118.69
S-148 1.58
R-148 200.92
5-149 18.49
R.-149 228200
5-150 1.93
R-150 377.20
S-151 1410.00
R-151 5373.00
5-152 0.78
R-152 134.00
5-153 0.49
R-153 3111
5-154 0.90
R-154 3111
S-155 0.95
R-155 96.44
156 11.23
5-157 3.81
R-157 36900
S-158 4.07
R-158 2203.00
5-159 2.80
R-159 467.60
S-160 5.91
R-160 2713.00
S-161 8.09
R-161 126,30
S5-162 2.07
R-162 119.90
5-163 1.36
R-163 166.34
S5-164 0.94
R-164 291.56
165 NA
5-166 .58
R-166 95719
167 NA
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|63 NA
169 NA
5-170 | 86
R-170 234 96
S-171 2806
R-171 883080
5-172 4.15
R-172 408 32
S5-173 1.39
R-173 52845
5-174 412
R-174 515.23
§-175 1 96
R-175 52239
S-176 |.76
R-176 32063
5-177 237
R-177 108.63
178 NA
179 4.27
S-180 4.60
R-130 67920

NA: data not available

Experimental results:

The experimental results in Table 1 above demonstrate that:

1) The compounds of the present invention, such as the compounds prepared in Examples
1-180, have an inhibitory effect on MDM2, especially compounds with S-configuration therein
have a significant inhibitory effect on MDM2.

2) Somecompounds of the present invention have a better inhibitory effect on MDM2 than
the positive control compound HDM201, for example, the activities of the compounds with
S-configuration in Examples 2, 11, 14, 15, 18, 21, 22, 29, 42, 44, 45, 48, 49, 52, 53, 61, 62, 63,
66, 67, 69, 70, 72, 73, 74, 75, 77, 78, 79, 81, 82, 90, 92, 95, 96, 98, 102, 103, 110, 111, 112, 113,
115, 126, 128, 131, 133, 135, 137, 138, 139, 140, 142, 143, 148, 150, 152, 153, 154, 155, 163,
164, 166, 170, 173, 175 and 176 are better than that of the positive control compound HDM201.

Experimental Example 2 Determination of the inhibition of the MDM2 inhibitors according to

the present invention on the proliferation of human osteosarcoma cell line SJISA-1 (the same test
subjects as Experimental Example 1)

2.1 Experimental materials: human osteosarcoma cell line SJISA-1 (Nanjing Kebai
Biotechnology Co., Ltd.), DAPI (5 mg/mL, Beyotime, c1002), 4% paraformaldehyde (Ding Guo
Biotech., AR-0211), 96-well plate with black transparent bottom (PE, 6005182), In Cell
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Analyzer 2200 (GE Healthcare).

2.2 Experiment preparation:

2.2.1 Preparation of a culture medium for human osteosarcoma cell line SJSA-1:
RPMI1640 + 10% FBS + 1% penicillin/streptomycin

2.2.2 Preparation of a test compound solution:

a. the test compound solution with a certain concentration was taken, and diluted with the
culture medium to obtain a compound solution with a final concentration of 20 uM;

b. 200 uL of a culture medium containing 0.2% DMSO (dimethyl sulfoxide) was added into
H2-H10 of a 96-well plate; 300 pl of the above solution was added into H1; and

c. 100 pL was taken out from well H1, added into H2, and mixed well; then 100 pl of the
resultant solution was taken and added into H3, and dilution was carried out in sequence until H9
to obtain the 3-fold serial dilution of the test compound.

2.3 Experimental process:

2.3.1 SJISA-1 cells were inoculated into a 96-well cell plate with black transparent bottom at
4000 cells/100ul/well, and cultured overnight at 37°C;

2.3.2 The above samples were added at 100ul/well to a culture plate inoculated with cells,
gently patted to mix well, and incubated at 37°C for 72 h;

2.3.3 Fixation: the cell plate was taken out, the culture medium was removed, and 50 pL of
4% paraformaldehyde solution was added to each well to fix for 10 min;

2.3.4 50 ul of 0.1 M glycine was added to neutralize for 10 min;

2.3.5 Washing was perfomed with 1 x PBS (phosphate buffer solution pH7.2) twice;

2.3.6 Permeabilization: 50 pL of 0.2% TritonX-100 (Triton) was added per well, and
permeabilization was carried out at room temperature for 10 min;

2.3.7 Washing was perfomed with 1 x PBS (phosphate buffer solution pH7.2) twice;

2.3.8 5 mg/mL DAPI stock solution was diluted at a ratio of 1: 5000 (final concentration of
1 ug/ml), and staining was performed at room temperature for 20 min;

2.3.9 Washing was perfomed with 1 x PBS (phosphate buffer solution pH7.2) for three
times; and

2.3.10 Scanning and analysis were performed by In cell analyzer.

2.4 Data processing:

The inhibition rate of each compound at each concentration point was calculated according
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to the following formula, and curve fitting was performed by GraphPad Prism6.0 software to

obtain the 1Csg value.

fluorescence value ~ fluorescence value of
Cell relative of control group experimental group

inhibition rate (%) N fluorescence value of control group =100%

Table 2: Inhibitory activities of the compounds of the present invention on proliferation of

human osteosarcoma cell line SJSA-1

Examples I (nMY

HDM201 91.31
S-1 3962
R-1 16660 88
s-2 7.40
R-2 2772.00
8-3 173.71
R-3 16271 .55
S-4 7.02
R-4 218817
5-5 2544
R-5 1595.07
S-6 6.20
R-t 1766.00
S-7 1271.50
R-7 MA
S-8 10,33
R-8 220300
5-0 7,39
R-% 2817.23
5-10 12427
R-10 216908
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5-11 1.67
R-11 1508.07
5-12 5,27
R-12 2441.56
5-13 595
R-13 1124.55
5-14 63.47
E-14 3378.16
5-15 10.87
R-15 840.33
S-16 A557.71
R-16 2055744
5-17 201.10
R-17 1311.66
5-18 13.9]
E-18 1615.66
5-19 352.22
R-19 NA
5-20 48.08
R-20 A4005.08
5-21 62.19
R-21 3232.02
5-22 146
R-22 695413
5-23 1.24
R-23 353.78
5-24 4.17
R-24 872.23
§-25 § 83
R-25 265.16
5-26 2233
R-26 646,55
5-27 11933
R-27 MNA
5-28 1289.92
R-28 NA
5-29 196.37
R-29 10856.23
5-30 58,10
R-30 NA
5-31 1584 88
R-31 357510
5-32 10.09
R-32 8197.15
5-33 9.70
R-33 4885.16
5-34 61896
R-34 NA
5-35 257.65
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R-35 NA
5-36 7227
R-306 3176.49
§-37 14.16
R-37 243934
5-38 14.74
R-38 NA
S8-39 1183 40
R-39 NA
S-40 14.08
R-40) J0RG,90)
S-41 1205.42
R-41 NA
5-42 5.60
R-42 4555.29
S-43 5363 .67
R-43 NA
S-44 11.95
R-44 1332.43
§-45 6.20
R-45 4307.06
5-46 598197
R-46 NA
S-47 14.02
R-47 3851.55
S-48 16.84
R-48 3630.98
5-49 5.02
F-4% 1486, 41
§-50 1315.42
R-50 8427.52
S-51 62.56
R-51 9516.69
5-52 466.77
R-52 22436.03
§-53 21339
R-53 77439 .40
§-54 46831
R-54 NA
5-55 11729
R-55 9939.33
5-56 83 85
R-56 3481.69
§5-57 11.78
R-57 395852
§-58 50.75
R-538 SRO2 75
§-59 262.70
R-39 NA
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5-60 NA
R-60 NA
§-61 3,530
R-61 135.68
5-62 10.54
R-62 4357.85
5-63 77.62
R-63 NA
5-04 72596
R-64 NA
§5-05 NA
R-65 NA
5-60 39.59
R-66 3861.83
5-67 20.76
R-67 8493733
5-08 1702.99
R-68 NA
5-69 229
R-65 6584.81
5-70 73.64
R-70 4205.60
5-71 291.56
E-71 J017.36
5-72 5.90
R-72 3480 88
5-73 250.87
R-73 NA
5-74 785
R-74 1839.65
5-75 9.84
R-75 304051
5-76 308.66
R-76 MNA
8-77 335.23
R-77 NA
5-78 7.88
R-78 1363.64
5-79 72,44
R-79 NA
5-80 16.85
R-80 MNA
5-81 82.79
R-81 1603.25
5-82 7.43
R-82 NA
5-83 8.21
R-83 285.84
84 2606.15
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5-85 40.18
R-B5 2187.76
S-86 21.1%
R-86 NA
5-87 311z
R-87 734513
5-88 77.27
R-88 NA
5-89 43.25
R-89 NA
5-00) 254 68
R-90 NA
5-91 14.42
R-91 983.12
5-92 19.86
R-92 487528
5-93 90.16
R-93 NA
5-94 309.03
R-94 NA
5-95 49.55
R-95 NA
5-96 25.29
E-96 NA
5-97 167.49
R-97 295 80
5-98 56.10
R-98 NA
5-99 34.20
R-99 1472.31
S5-100 121060
R-100 NA
§-101 48.53
R-101 MNA
5-102 5741
R-102 NA
5-103 40.46
R-103 2426.61
5-104 266.07
R.-104 686,52
§-105 24322
R-105 MNA
5-106 33.50
R-106 NA
5-107 114 82
R-107 323593
5-108 28.77
R-108 NA
5-109 54.58
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R-109 8203.52
S5-110 77.98
R-110 MNA
S-111 13.03
R-111 561.05
S-112 90.57
R-112 NA
5-113 26.73
R-113 217270
S5-114 10,12
F-114 187068
5-115 335738
R-115 26.92
5-116 212.81
R-116 NA
5-117 14.42
R-117 NA
S5-118 107.15
R-118 NA
5-119 20.00
R-119 NA
S-120 363.92
R-120 NA
5-121 66,99
R-121 NA
5-122 117.21
R-122 NA
5-123 321.37
R-123 NA
S5-124 12941
R-124 MNA
125 60,26
5-126 79.62
R-126 159221
5-127 83.18
R-127 157036
5-128 144 88
R-128 NA
5-129 146,22
R-129 NA
§-130 NA
R-130 MNA
5-131 46.34
R-131 NA
5-132 163.68
R-132 NA
5-133 99,77
R-133 NA
S5-134 82.22
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R-134 NA
S-135 96.16
R-135 MA
S-136 108.39
R-136 NA
§-137 65.92
R-137 NA
5-138 75 68
R-138 NA
S-139 50.70
F-139 MA
S-140 81.47
R-140 862.98
S-141 73.62
R-141 NA
5-142 137.72
R-142 NA
S-143 24.89
R-143 6223.00
S-144 100.92
R-144 2449.06
S-145 28.25
R-145 NA
5-146 67.76
R-146 NA
S-147 271.02
R-147 5741.16
S-148 71.78
F-148% MA
S-149 153.46
R-149 NA
5-150 8053
R-150 5701.63
§-151 NA
R-151 NA
5-152 79.80
R-152 NA
S-153 21.99
R-153 NA
5-154 22.03
R-154 NA
S-155 14,59
R-155 1524.03
156 NA
§-157 16.67
R-157 1798.87
5-158 549 534
R-158 NA
§-159 34.20
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R-159 333335
S-160 350.75
R.-160 MNA
S-161 55718
R-161 NA
S5-162 14.93
R-162 T81.63
5-163 125.60
R-163 NA
S-164 16.79
R.-164 MNA
L 65 NA
S-166 38.11
R-166 NA
167 NA
163 MA
169 NA
5-170 130.62
R-170 NA
5-171 37931
R-171 NA
5-172 53.33
R-172 NA
5-173 21677
R-173 NA
5-174 93.50
R-174 NA
5-175 45.20
R-175 NA
5-176 28.84
R-176 MNA
8-177 420,72
R-177 4246.20
178 NA
179 52.72
S5-180 56.75
R-180 217270

NA: data not available

Experimental results:

The experimental results of Table 2 above demonstrate that:

1) The compounds of the present invention, such as the compounds prepared in Examples
1-180, have an inhibitory effect on the human osteosarcoma cell line SJISA-1, and especially the
compounds with S-configuration therein have a significant inhibitory effect on the human
osteosarcoma cell line SJISA-1.

2) Some compounds of the present invention have a better inhibitory effect on the human
osteosarcoma cell line SISA-1 than the positive control compound HDMZ201, for example, the
inhibitory effects on the human osteosarcoma cell line SJSA-1 of the compounds with

S-configuration in Examples 2, 4, 6, 9, 11, 12, 13, 15, 22, 23, 24, 25, 32, 33, 42, 45, 49, 61, 69,
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72,74,75, 78, 82, 83, 86, 89, 91, 92, 96, 98, 99, 101, 102, 103, 106, 108, 110, 113, 114, 115, 119,
121, 126, 127, 131, 137, 138, 139, 141, 143, 145, 146, 153, 154, 155, 157, 159, 162, 164, 166,
172, and 176 are better than that of the positive control compound HDM201.

Experimental Example 3 Determination of the pharmacokinetics of the MDM2 inhibitors of the

present invention in mice

3.1 Experimental summary

ICR mice were used as the test animals, and the concentrations of the drugs in plasma of
mice at different time points after intravenous administration and intragastric administration of
the representative compounds were measured by a LC/MS/MS method, so as to study the
pharmacokinetic behavior of the compounds of the present invention in mice and evaluate the
pharmacokinetic characteristics thereof.

3.2 Experimental scheme

3.2.1 Test drugs:

Some compounds prepared in Examples 1-180 of the present invention.

The control drug HDM201 was prepared by the method disclosed in patent No.
CN104203952A.

3.2.2 Test animals:

Healthy adult ICR mice, male, 6-9 weeks old, weighing 20-30 g, purchased from Shanghai
Xipuer-Bikai Laboratory Animal Co., Ltd., Animal Production License No.. SCXK (HU)
2013-0016

3.2.3 Preparation of test drugs

Intragastric or intravenous administration: an appropriate amount of sample was weighed,
dissolved in 5% DMSO + 40% PEG400 + 55% (10% HP-B-CD in Saline) to prepare a 0.5 mg/ml
solution for intragastric or intravenous administration.

3.2.4 Administration of test drugs

Intravenous administration: for each test compound, 3 male ICR mice were administered
intravenously at a dose of 2 mg/kg and an administration volume of 1 ml/kg after fasting
overnight.

Intragastric administration: for each test compound, 3 male ICR mice were administered
intragastrically at a dose of 5 mg/kg and an administration volume of 5 ml/kg after fasting

overnight.
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3.3 Experimental operation
Before administration and 0.083 h, 0.167 h, 0.25h, 0.33 h,0.5h,1h,2h,4h,8 hand 24 h
after administration, approximately 0.2 mL blood was collected via jugular vein puncture, the

obtained blood was anticoagulated with heparin sodium, and placed on ice after collection, and

5 the blood was centrifuged to separate plasma (centrifugation conditions: 8000 rpm, 6 min, and
4°C). The collected plasma was stored at -80°C before analysis. The plasma sample was
analyzed by LC-MS/MS, and the sample was pretreated by protein precipitation method. The
linear range of sample analysis was 1 to 2000 ng/ml. The lowest quantification limit was 1
ng/mL. WinNonlin (Pharsight, USA) was used to calculate the following pharmacokinetic

10  parameters: area under the curve AUC .y, area under the curve AUC(o-w), half-life ti, retention
time MRT ), blood drug concentration Cmax, time taken to reach the peak blood drug
concentration Tmax, bioavailability F, apparent volume of distribution V, and clearance rate CL.

3.4 Results of pharmacokinetic data
Table 3: Pharmacokinetic parameters of ICR mice after intravenous and oral administration
15  of HDM201
IV-2 mg/kg
Animal tiz T Cruax AUCqg AUCu..y MRTyy MRT.., Vz CL
number ~y, h  ng/mL h*ng/mL h*ng/mL h h ml/kg mL/Mhkg
101 067 008 358503 62213  713.62 0.66 096 271730 280263
102 053 008 60551 57366 61930 0.59 075 245627 322947
103 067 008 45985 52023 600.29 0.68 098 3231.81 3331.71
Mean 0.62 0.083 550.13 572.01  644.40 0.64 090  2801.79 3121.27
SD 008 0000 7885 5097 60.69 0.04 0.13 39461 28065
PO- 5 mg/kg
Animal i Tm.u Cm.n -’\Ucm-n A U(.lll-l ) M RTlli-ll M RT")-' ) e
number h__ ng/ml__h*ng/ml.__h*ng/mL h h %
200 134 050 40875 105875  1078.76 1.94 2.09
202 074 050 58408  797.19 81845 1.04 1.15
203 124 050 71501 152278 153976 1,82 191
Mean LI11 050 56928 112624  1145.66 1.60 1.72 78.76
SD 032 000 15366 36747 365.28 0.49 0.50
s AUC,, .0, x Dose 100%
AUC g, * Dose
20
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Table 4: Pharmacokinetic parameters of ICR mice after intravenous and oral administration of

5 compound S-1
V-2 mg/kg
Animal t;5  Tws Canx  AUCwy  AUCw., MRTyy MRTe.,, Vz CL
number h_ ng/mL_ h*ng/mL__ h*ng/mL h h mL/kg  mL/h/kg
301 121 008 30780  532.69 548 82 133 152 638069 364418
302 100 008 32989 72528 736.92 131 141  3917.79 271399
303 098 008 33617 84353 85563 134 143 330882 233747
'“n"" 107 0.083 32462  700.50 713.79 1.33 1.45 453577 2898.55
SD 013 0000 1490 156.90 154.71 001 006 162650 672.62
PO- 5 mg/kg
Animal  ty T Casx AUC 0. AUCy..; MRTe, MRTq.., F*
number h___ ng/mL __ h*ng/mL___ h*ng/mL h h %
401 103 100 62923 182290 1834 .25 1.94 1.99
402 198 100 47121 1944 41 2088.41 2.60 317
403 192 100 92 81 241.17 330.15 1.79 313
Mean 1.64 1.00  397.75 1336.16 1417.60 2.11 2.76 76.30
SD 054 000 27565 950,23 950,30 043 0.67
Ve AUC ., p0, * Dose 100%
AUC v, © Dose .,
Table 5: Pharmacokinetic parameters of ICR mice after intravenous and oral administration of
10 compound S-2
IV- 2 mg/kg
Animal tix Twae  Cawe  AUCwy AUCu., MRTyy MRTy., Vz CL
number h ng/mL__h*ng/mL_h*ng/mL h h mL/kg mL/h/kg
S01  1.11 008 49238 136257 139231 1.51 164 220183 143646
502 084 050 47730 155401 156461 1.47 151 1552.17 127827
503 093 100 45611 147786 149493 1.47 1.54 180436 1337.86
Mean 0.96 0.528 475.26 1464.81 148395 1.48 1.56 1882.79  1350.86
SD 013 0459 1822 9638 86 68 0.02 0.07 376.01 79.90
PO- S mg/kg
Anlmal ; hn Tmﬂl Cm‘“ AUC“." .AU(T")..,) x‘lRTm." AlRTm-, ) F.
number i h___ ng/mL__ h*ng/mL__h*ng/mL h h %
601 145 200 65597 316538 3254890 2 89 3.09
602 1.83 100 72977 388323 410077 287 3.28
603 1.50 200 80459 413652  4259.08 2.76 297
Mean 159 1.67  730.11 372838  3871.58 2.84 312 101.81
SD 021 058 74 31 503.75 539.90 0.07 0.16

#1"f

AUC 50, X Dose .,

AUC'::.« vy % DOSC{K)I

* 100%
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Table 6: Pharmacokinetic parameters of ICR mice after intravenous and oral administration of

10 compound S-9
1V- 2 mg/kg
Animal typ  Twae Cuse  AUCwy  AUCwp.;, MRToy MRTe., Vz CL
number 4, ng/ml._h*ng/mL_ h*ng/mL h h mL/kg mL/Mkg
701 126 008 140326 333444 345237 1 47 168 105516 57931
702 140 008 127458 365023 383008 1.58 188 105438 52218
703 116 008 164399 410704 421493 1.47 1.63 79338 47450
Mean 1.27 0.083 1440.61 3697.23  3832.46 1.51 1.73 967.64  525.33
SD 0.12 0000 18752 38844 38129 0.06 0.13 15091 5248
PO- 5 mg/kg
Animal ¢, Tii Caisa AUCuy AUCy.., MRTy, MRT,.,, F*
number — h ng/ml.__ h*ng/ml.__h*ng/mL h h %
801 1.57 200 136647 631930  6555.06 2.65 292
802 144 100 200905 869239 891]44 260 2,78
803 122 100 191407 697633 704892 268 2,75
Mean L41  1.33 176320 732934  7505.14 2.64 2.82 79.30
SD 018 058 34684 122529 124267 0.04 0.09
* AUC 00P0) Dosed\') « 100%
AUC, ,.qvy X Dosepg)
Table 7: Pharmacokinetic parameters of ICR mice after intravenous and oral administration of
compound S-11
IV- 2 mg/kg
Animal _tys  Twye  Cuse  AUCuy  AUCp., MRTyy MRTy., Vz CL
number h ng/mL  h*ag/mL h*ng/mL h h L/kg mL/min/kg
101 1.15 050 137651 357838 368024 143 161 001 906
102 209 050 151969 422558 482040 181 2.70 1.25 6.92
103 1.15 050 130260 316984 325024 1.40 1.55 1.02 10.26
Mean 1.46 0.500 1399.60 365793  3916.96 1.55 1.95 1.06 8.74
SD 054 0000 11037 53235 81141 0.23 0.65 0.17 1.69
PO- 5 mg/kg
Animal 2 Ty Casx  AUCwy  AUCp.) MRTey MRT. F*
number h h ng/mL__h*ng/mL_ h*ng/mL h h Yo
201 218 100 164573 B80I878 877168 296 3.66
202 1.55 100 157302 853656 8381641 2.87 3.11
203 133 200 214469 1156840 1178498 292 3.05
Mean 1.69 133 1787.81 937458  9791.02 2.92 3.27 102.51
15 SD 044 058 31120 191746 172696 0.04 0.34
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Table 8: Some pharmacokinetic parameters of ICR mice after intravenous and oral
administration of S-23

IV-2 mg/kg
Animal ty;  Tep  Case AUCwy  AUCw., MRTe, MRTe.  Vz CL
number h  ng/mL h*ng/mL h*ng/mL h h L/kg mL/min/kg

101 1.57 008 364021 662530 7084 .65 1.55 1 99 064 471
102 1.8 008 377972 946295 10504 31 1,78 246 051 3.17
103 133 008 304032 617276 642771 1.50 1.75 0.60 5.19
Mean 1.59 0.083 3486.75 7420.34 8005.55 1.61 2.07 0.58 4.35
5 SD 026 0000 39286 1783.37 2188.77 0.15 0.36 0.07 1.05
PO- S mg/kg
a5 U2 Tan  Cas  AUCey  AUCw, MRTuy MRTq F*
h h ng/mlL__h*ng/mL__ h*ng/mlL h h Yo
201 115 1.00 205029 723520 731560 2.35 243
202 098 100 331665 912266 916357 202 208
203 1.52 050 273039 767541 7881.03 208 2.29
Animal .22 0.83  2699.11  8011,09 8120,07 2.15 2.26 43.18
number 27 (029 63376 98749 94689 018 019
AUC o, vy * DoSE 1y, 100%

AUC ., qvy ¥ DoSe ),

Table 9: Pharmacokinetic parameters of ICR mice after intravenous and oral administration of

S-32
1V-2 mg/kg
Animal ‘lll Tm.u Cm| AUC«M. AUC‘Q.. ) MRTW." M RT(».,) Vz CL
number h__ ng/mlL_ h*ng/ml._ h*ng/mL h h mL/kg mL/M/kg
901 123 025 276601 469929 485466 1.32 1.53 73020 411.98
902 144 050 245128 719984 762751 1.61 1.97 54287 26221
903 126 008 190213 385904 400498 1.29 1.53 90833 49938
Mean 1.31 0278 2373.14 5252.72 5495.72 1.41 1.68 727.14  39L.19
SD 011 0210 43721 173780 189444 0.17 0.25 182.75 119.94
PO- 5 mg/kg
Animal tin T Cinas AUCyy AUCy.., MRTy, MRT.,, F*
number h ng/mL___h*ng/mL__h*ng/mL h h Ya
1001 289 1.00 157870 6017.39  7102.68 279 422
1002 1.51 1.00 335631 1070489 1102774 224 248
1003 207 100 251833 845806  9168.53 248 3.14
Mean  2.16 1.00 2484.45 839345 9099.65 2.50 3.28 63.92
SD 069 000 889.29 2344 42 1963 .44 0.27 0.88

AUC 00, % Dose gy,
AUC'»LMI\‘I . DOSC,FO,

*F « 100%

10

Table 10: Some pharmacokinetic parameters of ICR mice after intravenous and oral
administration of S-44
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IV-2 mg/kg

pnimal M2 Taw  Cow  AUCey  AUCe. MRTey MRTey Vz  CL
number h  h  ng/mL h*ng/mL h*ngmL b h Likg :'g' S
301 101 008 95121 208784 336467 177 256 164 991
302 179 008 87225 250641 276634 171 235 186 1205
303 192 008 82658 270363 305247 182 261 182 1092
Mean 1.87 0.083 88335 2732.63 306116 177 251 177 10.96
SD 008 0000 63.05 24203 29926 005 014 012 107
PO- S mg/kg
: .  MRT
Animal Lin Tmas Cainx AUCy AUCH.. Wi MRT 4., F*
number . *
ho b oagmp MUEM Wmemoo, h %
01 256 100 135796 790441 895971 317 FRE;
402 177 100 109785 516146 544785 28I 322
403 165 200 120430 628780 655664 3.08 338
Mean 200 133 122004 645126 6988.07 3.02 3.59 94.43
SD 049 058 13077 137876 179524 019 0.51
. AUC 4 POy X DOSCH\,,
' < 100%

 AUC,, v, * DOSE

Table 11: Some pharmacokinetic parameters of ICR mice after intravenous and oral
administration of S-45

1V-2 mg/kg
Animal 1 __ i Tws  Cas  AUCwy  AUCe., MRTe, MRTe., Vz CL
number & h h ng/ml, h*ng/mL h*ng/mL h h ng ml./min/kg_
301 1.01 025 77974 1865.23 189522 136 1.45 1.54 17.59
302 100 008 88275 207207 2103.04 1.35 1.44 1.37 15.85
303 105 008 76575 179327 1825 35 1.34 145 1.65 18.26
Mean 1,02 0,139 80941 1910.19  1941.20 1.35 1.45 1.52 17.23
SD 002 009 6390 144.74 144 44 0.01 0.01 0.14 1.24
PO- S mg/kg
Animal e Ly T Couy AUCug AUCy., MRTuy MRT,.,, IF*
number h h ng/mL__ h*ng/mL__h*ng/mL h h %o
401 2.17 0.50 159061 586267 634649 2.56 321
402 1.54 1.00 135563 531563 547140 253 2,75
403 1.87 1.00 116932 419604 443171 2.56 2.99
Mean 1.86 0.83 1371.85 5124.78 5416.53 2.55 2.99 107.31
SD 032 0.29 211.11 849 .55 058 57 0.02 0.23

Table 12: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-61
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IV-2 mg/kg

Animal _tz Twsw  Cawe  AUCwy  AUCw.., MRTe, MRT,, Vz CL
number h h ng/mL  h*ng/mL h*"ng/mL h h L/kg mL/min/kg
301 1.09 008 2909441 4064074 472428 1.21 1.32 0.67 7.06
302 100 008 324964 358388 362686 0.99 1.07 0.80 9.19
303 115 008 324496 534676  5483.62 1.26 1.42 0.60 6.08
Mean 1.08 0.083 3163.00 4523.79 4611.59 115 1.27 0.69 7.44
SD 007 0000 146.02  887.24 933.50 0.14 0.18 0.10 1.59
PO- S mg/kg
Animal tiz Tomas Cuuiax AUCuy AUC.; MRTg MRTy., F*
number h h ng/ml. h*ng/mlL._ h*ng/mL h h Yo
401 358 025 243493 246265 276824 1.57 2.85
402 27 050 248940 496030 550070 2.03 3.00
403 208 025 1772.67 316234 353081 1.91 3.00
Mean 3.09 033 223233 352843  3933.25 1.84 2.95 31.20
SD 0.44 0.14 39901 128844 140998 0.24 0.09

_ AUC:«-; HPO) % Dosc\(\')
AUC-(M aw X DoselKi)

3 < 100%

10

15
Table 13: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-69
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IV-2 mg/kg

Animal _tin Tinas Can AUCuy AUCu., MRTey MRTe., Vz CL
number n h n§/mL h*ng/ml. h*ng/mL h h L/kg ml./min/k_g_
301 283 008 603843 5220396 5231411 430 435 016 0.64
302 2.88 050 3597753 5309343 5321723 438 444 0.16 0.63
303 402 008 514160 35000621 5065935 4.62 495 023 0.66
Mean 3.24 0222 5719.19 51767.87 52063.56 443 4.58 0.18 0.64
SD 067 0241 50113 1589 14 1297.22 0.17 032 0.04 0.02
PO- 5 mg/kg
Animal Ly Tm‘ le AUC[«.() Al."CE_,) (\IRTLo.u A\'RTL._') F*
number h h ng/mL__ h*ng/mL__ h*ng/mL h h %
401 224 2.00 762720 6921196 69264.13 492 4.94
402 228 2.00 10867 97 106563 84 10665400 5.03 5.04
403 203 2.00 1182843 85266.27 8529858 4 46 447
Mean 2.18 2.00 10107.87 87014.02 8707223 4.80 4.82 67.23
SD 0.13 0.00 2201.34 18737.18 18757.93 0.30 031

Table 14: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-72

1V-2 mg/kg
Animal _tiz Tws  Cuww  AUCuy  AUCw.., MRTu, MRT4., Vz CL
number  h h ng/mL  h*ng/mL  h*ng/mL h h L/kg mL/minkg
301 216 1.00 368688 1484737 1730595 1.96 298 036 193
302 139 008 463453 1145675 11918.88 1.53 1.78 0.34 280
303 123 008 483923 1180283 1217458 1.52 1.71 0.29 274
Mean 1.59 0389 4386.88 12702.32 13799.80 1.67 2.16 0.33 249
SD 050 0529 61480 186571 303910 0.25 0.71 0.03 0.49
PO- 5 mg/kg
Animal tis Ty Conas AUCuwy  AUCw.., MRTuy MRT.., F*
number h h ng/mlL__ h*ng/mL__h*ng/mL h h %
401 2.54 0.50 7867.58 51286.19 51351.03 3.95 3.98
402 113 0.50 7160.86 23996.12 2416128  2.18 223
403 1.47 100 628971 2694123 27586.31 2.66 284
Mean .72 0.67 7106.05 3407452 3436620  2.93 3.01 107.30
5 SD 0.73 0.29 79036 1497831 1480864 0.9 0.89

Table 15: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-96

1V-2 mg/kg
Animal _tiz  Tww  Cam  AUCuy  AUCuw.y MRTey MRTW.,, Vz CL
number h h ng/ml. h*ng/mL_ h*ng/mL h h L/kg mL/min/kg
301 336 008 343841 671985 681593 2.62 2.99 1.42 4.89
302 09 008 298234 310978 315725 0.90 1.00 0.85 10.56
303 1.07 008 335343 320641 325065 0.90 0.99 0.95 10.25
Mean L79 0.083 3258.06 434535  4407.95 1.47 1.66 1.07 8.57
SD 1.37 0000 24253 205695 208590 1.00 1.16 0.31 3.19
PO- S mg/kg
Animal tin T Casas AUCuy AUC4u.;, MRTey MRT., F*
number h h ng/mL.__ h*ng/ml.__h*ng/mL h h Y
401 1.69 025 3921.65 632728  6705.00 1.66 2.15
402 206 0350 2400.19 699390  7471.54 242 297
403 2.58 0.50 5236.64 1301063 1511519 230 3.61
Mean 2.11 0.42 3852.83 8777.27 9763.91 2.13 2.91 80.80
10 SD 0.44 0.14 141948 368132  4650.17 041 0.73
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Table 16: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-98

V-2 mg/kg
Animal _tyn  Tww  Caw  AUCwy  AUCy., MRTyy, MRT,., Vz CL
number h ng/mL  h*ng/mL h*ng/mL h h L/kg mL/min/kg
300 193 008 340507 1117715 1259627 182 260 044 2.65
302 143 008 367274 1002581 1053319 155 18 039 3.16
303 117 008 378906 886953 910892 1.43 160 037 3.66
Mean 151  0.083 3622.29 10024.16 10746.13  1.60 202 040 3.16
SD 039 0000 19690 115381 175340 020 052 004 0.51
PO- 5 mg/kg
Animal tiz  Tous Conn  AUCuy AUCw., MRTey MRTp.) F*
number h h ng/mL__h*ng/mL_h*ng/mL ___ h h %
401 231 400 383513 3728831 3732450 536 538
402 212 200 342072 1806452 1969136  3.17 382
403 230 200 294386 2333062 2335218 472 4.74
Mean 224 2,67  3399.90 26227.82 2678935  4.41 4.65 104.66
SD 011 115 44600 993398  9305.5I 1.12 0.78
5
Table 17: Some pharmacokinetic parameters of ICR mice after intravenous and oral
administration of S-103
IV-2 mg/kg
Animal _t2  Tms  Cam  AUCwy  AUCw., MRTey MRT., Vz CL
number h h ng/mL. h*ng/mL._ h*ng/mL h h L/kg mL/min/kg
301 411 100 133349 550840 877181 233 501 135 380
302 289 100 133261 1046062 1048352 416 421 079 3.18
303 271 1.00 104599 400987 511953 205 375 153 6.51
Mean 324 1000 1237.36 6659.63 812495 285 4.62 122 4.50
SD 077 0000 16573 337595 273988 1.15 113 038 1.77
PO- 5 mg/kg
Animal ti Tomas Coae  AUCpy  AUCH.., MRTwg MRTe.., P
number h h ng/mL__ h*ng/mL_h*ng/mL h h Ya
401 184 200 238242 1096755 1168842  3.08 3.54
402 172 400 234401 1307828 1423155 3.36 3.93
403 223 400 300806 1987262 19888.79  4.45 447
Mean 193 333  2578.16 14639.49 15269.59  3.63 3.98 87.93
SD 027 115 37280 465329 419758  0.73 0.46
10
15
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Table 18: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-115

V-2 mg/kg
Animal _twz  Tas  Cag  AUCey AUCpsy MRTwy MRTe. Vz CL
number h h ng/ml. h*ng/mL_ h*ng/mL h h L/kg mL/min/kg
301 0.90 008 413698 298742 301130 (.82 087 0.87 11.07
302 090 008 299799 257546 259181 0.90 0.94 1.00 12.86
303 080 008 254996 227866 228966 0.79 0.82 101 14.56
Mean 0.87 0.083 322831 2613.85 2630.92 0.84 0.88 0.96 12.83
SD 0.06 0000 81820 35593 362.40 0.05 0.06 0.08 1.74
PO- 5 mg/kg
Animal _tiz Tws  Cuwsm AUCwy AUCw., MRTgy MRT.., F*
number h h ng/mL__ h*ng/ml. h*ng/mL h h Yo
401 1.07 0.50 213546 365537 367250 1.37 141
402 1.19 1.00 83466 235530 237788 2.13 220
403 1.12 4.00 60129 298559 3066235 3.22 339
Mean 1.12 1.83 119047 2998.75  3038.87 2.24 2.33 45.89
10 SD 0.06 1.89 826.66 650,14 647.74 0.93 1.00

Table 19: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-121

IV-2 m
Animal _ti2 Towy  Cam  AUCy  AUCw., MRTpy MRTe., Vz CL
number h h ng/mlL.  h*ng/mlL  h*ng/mL h h L/kg mL/min/kg
301 550 008 3887.60 2457230 25488.79 5.26 622 0.62 1.31
302 525 008 3346.18 2837948 2935282 515 6.03 0.52 1.14
303 509 008 357694 26953.62 27749.72 5.04 5.79 053 1.20
Mean 528 0.083 3603.57 26635.14 27530.44 5.15 6.01 0.56 1.21
SD 021 0000 27169 1923 47 1941 33 0.11 021 0.06 0.09
PO- 5 mg/kg
Animal L T.’!Il‘ C!.‘.E AUCL!." AUCy..;, MRTug M RTQ., ) F*
number h h ng/mL__h*ng/mL__h*ng/mL h h %
401 3.09 2.00 492031 40051.63 4025972 4.96 5.08
402 334 4.00 4835.52 43063.09 43407.01 5.27 5.45
403 314 4.00 4714.57 40782.54 4103291 5.40 554
Mean 3.19 3.33 4823.47 41299.09 41566.55 5.21 5.36 62.02
SD 0.13 1.15 10340 157077  1640.10 0.23 0.24

15

Table 20: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-131
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IV-2 mg/kg

Animal _tiz Timax Cuax AUCwy  AUCu.., MRTuy MRTe., Vz CL
number h h ng/mL  h*ng/mL h*ng/mL h h L/kg mL/min/kg
301 090 008 1997.01 1776.79 1788.59 0.94 0.98 1.45 18.64
302 076 008 177622 126109 1264 23 0.71 0,73 1.73 26.37
303 098 008 202133 157923 1594 10 090 0.96 1.78 2091
Mean 088 0.083 1931.52 1539.04 154898 0.85 0.89 1.65 21.97
SD 011 0000 13504 260.19 265.08 0.12 0.14 0.18 3.97
PO- S mg/kg
Animal _t;z Tuw  Caom AUCwy AUCe., MRTe, MRTg., _ F*
number h h ng/ml.__h*ng/mL_h*ng/mL h h %
401 1.03 1.00 143800 374348 3765068 1.90 1.95
402 128 1.00 1853.01 590277 6003 28 227 240
403 1.47 1.00 179496 683945 7052.50 245 2.68
Mean 1.26 1.00 169532 549523  5607.15 2.21 2.34 142.82
SD 0.22 0.00 22473 158771 1678.83 0.28 0.37

Table 21: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-133

1V-2 mg/kg
Animal _ ty2 Tmax Cax AUCu.y  AUCu.y MRTpy MRTe,, Vz CL
number h h ng/ml.  h*ng/mL h*ng/mL h h L/kg mL/min/kg
301 122 008 205595 290429 302224 1.20 1.45 1.16 11.03
302 1.07 008 2980.85 460271 4699.55 1.18 131 0.66 7.09
303 1.13 008 2521.09 318722 324782 1.05 1.17 1.01 10.26
Mean LI14 0.083 251930 3564.74  3656.54 1.14 1.31 0.94 9.46
SD 0.08 0000 46245 90997 91029 0.08 0.14 0.26 2.09
PO- 5 mg/kg
Animal Ly Tonye Conax AUCuy  AUCH.., MRTu.g MRTp..) F*
number h h ng/mL__ h*ng/mL__h*ng/mL h h Yo
401 1.15 1.00 156992 607468 614880 2.34 243
402 1.05 1.00 1489.30 428262 431480 2.17 2.22
403 1.04 1.00 219502 595382 5994 87 2.05 2.10
Mean 1.08 1.00 1751.41 5437.04 5486.16 2.19 2.25 61.01
SD 0.06 0.00 38628 100158 1017.34 0.15 0.17

Table 22: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-134

IV-2 mg/kg
Animal _tyz Twa  Caw  AUCwy  AUCw.; MRTey MRTy,, Vz CL
number h h ng/ml. h*ag/mL_ h*ng/mL h h L/kg mL/min/kg
301 147 008 340857 653427 6880.52 1.50 1.83 0.61 4.84
302 093 008 351810 501580 506018 1.17 1.23 0.53 6.59
303 1.07 025 422401 728925 741912 1.28 1.39 042 449
Mean LIS 0,14 371689 6279.77 6453.27 1.32 1.48 0.52 5.31
SD 028 0.10 44258 115790 1236.14 0.17 0.31 0.10 1.12
PO- 5 mg/kg
Animal tiz Touys Cugy  AUCpy  AUCH.., MRTuy MRT.,, F*
number h h ng/mL__h*ng/mL_h*ng/mL h h %
401 138 050 390515 971682 9926.06 2.04 2.21
402 1.54 0.25 305953 788997 812313 2.04 228
403 143 0.50 1591.65 485923 497841 2.21 2,40
Mean 145 042 285211  7488.67 7675.87 2.10 2.29 47.70
SDh 008 014 1170.61 245353 250396 0.10 0.10
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Table 23: Some pharmacokinetic parameters of ICR mice after intravenous and oral
administration of S-135

IV-2 mg/kg
Animal _t: Tws  Cap AUCwy  AUCk., MRT,, MRT.., Vz CL
number h h ng/mL h*ng/mL h*ng/mL h h L/kg mL/min/kg
301 2.03 008 331460 649501 737829 1.70 2.57 0.80 452
302 1.65 008 389605 727082 783548 1.60 209 061 425
303 1.78 0.08 3518353 734109 797792 1.66 2.21 0.64 4.18
Mean 1.82 0.083 357639 7035.64 7730.56 1.65 2.29 0.68 4.32
SD 0.19 0000 29501 46951 313.28 0.05 0.25 0.10 0.18
PO- 5 mg/kg
Animal _tiz_ Tme  Cmer  AUCey  AUCws MRTwy MRTe. F*
number h h ng/ml__ h*ng/mL_ h*ng/mL h h Ya
401 1.87 1.00 2159.84 938538 9974.62 264 312
402 1.27 1.00 2014.04 701203 712647 2.19 232
403 1.34 1.00 224928 941284 9616.11 243 2.59
Mean 1.49 1.00 2141.05  8603.42 8905.73 2.42 2.67 48.91
5 SD 0.33 0.00 118.74 137825  1551.28 0.22 041

Table 24: Some pharmacokinetic parameters of ICR mice after intravenous and oral
administration of S-137

1V- 2 mg/kg
Animal _tiz  Twss  Cow  AUCwy  AUCw., MRTe, MRTy., Vz CL
number h h ng/mL  h*ng/mL h"ng/mL h h L/kg mL/min/kg
301 157 008 565328 10168.14 1093818  1.50 197 041 3.05
302 168 008 526176 896380 973677 151 206 050 342
303 279 008 594551 1555508 1558180 284 288 052 2,14
Mean 201 0083 5620.19 1156234 1208558  1.95 230 048 2.87
SD 067 0000 34308 350985 308683  0.77 050 005 0.66
PO- 5 mg/kg
Animal ts  Tas Cosn  AUCuy AUCw., MRTwy MRTe., F*
number h h ng/mlL__ h*ng/ml._ h*ng/mL h h Yo
401 185 050 588371 1539044 1619331 228 2,70
402 198 050 554283 16097.34 1715938 231 2.84
403 169 050 679101 14779.57 1536765  2.03 2.35
Mean 184 050 607252 1542245 1624012 22| 2.63 53.35
SD 015 000 64515 65947  896.78 0.16 0.25
10 Table 25: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-138
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1V-2 mg/kg

Animal __tiz Tungy Cumye  AUCpy  AUCu.., MRTpy MRTe,, Vz CL
number h h ng/mL_ h*ng/mL_ h*ng/mL h h L/kg mL/min/kg
301 381 008 182827 638752 644545 4.19 442 1.70 5.17
302 403 008 216908 606148 612690 4.04 432 1,90 544
303 429 008 200299 342799 323736 2.03 5.54 2.37 6.36
Mean 4.04 0.083 2000.11 529233  5936.57 3.42 4.76 1.99 5.66
SD 024 0000 17042 162277  626.13 1.21 0.68 0.34 0.63
PO-5 mg/kg
Animal L2 Tﬂ‘ CE.E‘ AUCwy AUCy.; MRTyg M R'I'Q.,, F*
number h h ng/mL__ h*ng/mL_h*ng/mL h h %o
401 2.69 4.00 123988 742881 9151.03 3.56 5.12
402 2.74 2.00 1475.55 7494.57 8818.35 3.19 4.51
403 274 1.00 1466.48 814705 951489 3.27 4.52
Mean 2,72 2.33 139397 7690.15  9161.42 3.34 4.72 58.12
SD 0.02 1.53 133 53 397.06 348 38 0.19 0.35

Table 26: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-140

IV-2 mg/kg
Animal _tiz  Taw  Case  AUCwy  AUCy.., MRTey MRTe., Vz CL
number h h ng/ml.  h*ng/mL h*ng/mL h h L/kg mL/min/kg
301 267 008 521516 11628.12 14758.73 1.94 362 0.52 2.26
302 1.70 008 454299 914458 9903.12 1.58 2111 0.50 3.37
303 419 008 6627.89 1945640 19918.23 373 434 0.61 1.67
Mean 2.86 0.083 5462.01 13409.70 14860.03 2.42 3.36 0.54 2,43
SD 1.25 0000 1064.14 538182  5008.33 1.15 1.14 0.06 0.86
PO- 5 mg/kg
Animal in Touus Cas AUCQ—(. AUC ., ) M RT[(l-l) MRT(.-:) F*
number h h ng/mL__ h*ng/mL_ h*ng/mL h h Ya
401 2.19 2.00 425474 2255648 2473764 297 3.69
402 1.54 2.00 5947.01 26053.96 2699424 2.67 293
403 238 1.00 497285 2391434 26699.24 297 3.85
Mean 2.04 1.67 S058.20 2417492 26143.71 2.87 3.49 72.11
SD 0.44 0.58 84936 176324 1226.59 0.18 0.49

Table 27: Some pharmacokinetic parameters of ICR mice after intravenous and oral

administration of S-159

1V-2 mg/kg
Animal _tiz  Tasy  Cawe  AUCuy  AUCwH.., MRTy MRT.., Vz CL
number  h h ng/mL._ h*ng/ml. h*ng/mL h h L/kg mL/minkg
301 1.86  0.08 2457.53 450192 496027 1.52 219 1.08 13.44
302 1.22 008 254090 359554 371850 1.23 1.45 095 17.93
303 1.75 0.08 259190 445651 4834.16 1.45 2.00 1.05 13.79
Mean 1.61 0.083 2530.11 4184.66 4504.31 1.40 1.88 1.02 15.05
SD 034 0000 6783 510.70 683.45 0.15 0.38 0.07 2,50
PO- 5 mg/kg
Animal L Tﬂ. C!E{ AUCy AUCp., MRTyy MRTe.., F*
number h h ng/ml__ h*ng/ml._ h*ng/mL h h Yo
401 1.03 1.00 1438.00 374348 376568 1.90 1.95
402 1.28 1.00 1853.01 590277 6003.28 2.27 2,40
403 1.47 1.00 179496 683945  7052.50 2.45 2.68
Mean 1.26 1.00 1695.32 549523  5607.15 2.21 2.34 52.53
SD 0.22 0.00 22473 158771  1678.83 0.28 0.37

Experimental results: the experimental results in tables 3 to 27 above show that: after oral
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intragastric administration at a dose of 5 mg/kg, the bioavailability of HDM201 is 78.76%, and
the AUCo.t is 1126.24 h*ng/ml; after oral intragastric administration at a dose of 5 mg/kg, the
representative compound S-1 of the present invention has an AUCo.: of 1336.16 h*ng/mL, and a
half-life of 1.64 hr, which are better than the corresponding parameters of HDM201; the
compound S-2 has a bioavailability of 101.81%, an AUCo.t of 3728.38 h*ng/mL, and a half-life
of 1.59 hr, which are better than the corresponding parameters of HDM201; the compound S-9
has an AUCo+ of 7329.34 h*ng/mL, which is better than the corresponding parameter of
HDM201; the compound S-11 has a bioavailability of 102.51%, an AUCo-t of 9374.58 h*ng/mL,
and a half-life of 1.69 hr, which are better than the corresponding parameters of HDMZ201; the
compound S-23 has an AUCo. of 8011.09 h*ng/mL, which is better than the corresponding
parameter of HDM201; the compound S-32 has an AUCo.t of 8393.45 h*ng/mL, and a half-life
of 2.16 hr, which are better than the corresponding parameters of HDM201; the compound S-44
has a bioavailability of 94.43%, an AUCo of 6451.26 h*ng/mL, and a half-life of 2.00 hr, which
are better than the corresponding parameters of HDM201; the compound S-45 has a
bioavailability of 107.31%, an AUCo.t of 5124.78 h*ng/mL, and a half-life of 1.86 hr, which are
better than the corresponding parameters of HDMZ201; the compound S-61 has an AUCo+ of
3528.43 h*ng/mL, and a half-life of 3.09 hr, which are better than the corresponding parameters
of HDM201; the compound S-69 has an AUCo.: of 87014.02 h*ng/mL, and a half-life of 2.18 hr,
which are better than the corresponding parameters of HDMZ201; the compound S-72 has a
bioavailability of 107.30%, an AUCo of 34074.52 h*ng/mL, and a half-life of 1.72 hr, which are
better than the corresponding parameters of HDMZ201; the compound S-96 has an AUCq. of
8777.27 h*ng/mL, and a half-life of 2.11 hr, which are better than the corresponding parameters
of HDM201; the compound S-98 has a bioavailability of 104.66%, an AUCo of 26227.82
h*ng/mL, and a half-life of 2.24 hr, which are better than the corresponding parameters of
HDM201; the compound S-103 has an AUCo.t of 14639.49 h*ng/mL, and a half-life of 1.93 hr,
which are better than the corresponding parameters of HDM201; the compound S-115 has an
AUC of 2998.75 h*ng/mL, which is better than the corresponding parameter of HDMZ201, the
compound S-121 has an AUCo.t of 41299.09 h*ng/mL, and a half-life of 3.19 hr, which are better
than the corresponding parameters of HDM201; the compound S-131 has an AUCog.t of 5495.23
h*ng/mL, and a half-life of 1.26 hr, which are significantly better than the corresponding

parameters of HDM201; the compound S-133 has an AUCo of 5437.04 h*ng/mL, which is
185



10

15

better than the corresponding parameter of HDM201; the compound S-134 has an AUCo.t of
7488.67 h*ng/mL, and a half-life of 1.45 hr, which are better than the corresponding parameters
of HDM201; the compound S-135 has an AUC,.t of 8603.42 h*ng/mL, which is better than the
corresponding parameter of HDM201; the compound S-137 has an AUCo.t of 15422.45 h*ng/mL,
and a half-life of 1.84 hr, which are better than the corresponding parameters of HDM201; the
compound S-138 has an AUCo of 7690.15 h*ng/mL, and a half-life of 2.72 hr, which are better
than the corresponding parameters of HDM201; the compound S-140 has an AUC,.t of 24174.92
h*ng/mL, and a half-life of 2.04 hr, which are better than the corresponding parameters of
HDM201; and the compound S-159 has an AUCo-t of 5495.23 h*ng/mL, which is better than the
corresponding parameter of HDMZ201.

The above contents show and describe the basic principles, main features and advantages of
the present invention. A person skilled in the art should understand that the present invention is
not limited by the above-mentioned Examples. The above-mentioned Examples and the
description only describe the principles of the present invention. It is obvious to a person skilled
in the art that there will be various variations and improvements in the present invention, without
departing from the spirit and scope of the present invention, and these variations and
improvements fall within the claimed protection scope of the present invention. The claimed

protection scope of the present invention is defined by the appended claims and their equivalents.
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What is claimed is:

1. A compound of structural formula I; or a stereoisomer, an enantiomer, a diastereomer, a
racemate, a mesomer, a cis/trans isomer, a tautomer, an isotopic variant of the compound of
structural formula I, or any combination thereof; or a pharmaceutical salt, a solvate, a hydrate, a
polymorph or a prodrug of the compound of structural formula I, the stereoisomer, the
enantiomer, the diastereomer, the racemate, the mesomer, the cis/trans isomer, the tautomer, the

isotopic variant or their combination; or a hydrate of the pharmaceutical salt,

(1

wherein, R; is selected from linear or branched alkyl or cycloalkyl having 1 to 5 carbon

atoms, or Re

R2 is selected from H, or (C1-Cs alkyl), wherein the alkyl is optionally substituted by 0 to 3
substituents, wherein the 0 to 3 substituents are independently selected from alkoxy having 1 to 4
carbon atoms, hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(C1-Ca)alkyl, -C(O)NRgR1p,
-NRgR10, or methanesulfonyl;

Rs is selected from a 5- or 6-membered aromatic ring or aromatic heterocycle which is
unsubstituted or substituted by 1 to 3 substituents, and the 1 to 3 substituents are independently
selected from H, (Ci-Ce)alkyl, (Cs-Ce)cycloalkyl, -O-(Ci-Ce)alkyl, -O-(Cz-Cs)cycloalkyl,
-S-(C1-Ce)alkyl, halogen, haloalkyl, haloalkoxy, hydroxyalkoxy, -CN, -C(O)NRgRo,
-C(O)-morpholin-4-yl,  hydroxy-azetidin-1-yl-carbonyl, -CH2NRgR1, -CH2NRg-C(O)R1po,
methyl-imidazolyl-, -CH2C(O)NRgR1, -CH2C(O)OH, -C(O)OH, -CH2C(O)O-(Ci-Ca)alkyl,
-N(R9)-C(0)-(C1-Cs)alkyl,  -NRgR1,  -CH2NRgRio,  -C(O)O-(Ci-Cs)alkyl,  -CH2CN,
tetrahydropyrrol-1-yl, azetidin-1-yl, or azetidin-1-yl substituted by one or more -OH or by both
-CHs and -OH; wherein the alkyl or cycloalkyl is optionally substituted by 0 to 3 substituents
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independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0)O-(C1-Cs)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl; preferably, Rs is
selected from a 5- or 6-membered aromatic ring or aromatic heterocycle which is unsubstituted
or substituted by 1 to 3 substituents, and the 1 to 3 substituents are independently selected from

H, (Ci-Ce)alkyl, -O-(C:-Ce)alkyl, -S-(Ci-Ce)alkyl, halogen, haloalkyl, haloalkoxy, -CN,

-C(O)NRgR1p, -C(0O)-morpholin-4-yl, hydroxy-azetidin-1-yl-carbonyl, -CH2NRgR10,
-CH2NRg-C(O)R10,  methyl-imidazolyl-,  -CH2C(O)NRgR1,  -CH2C(O)OH, -C(O)OH,
-CH>C(0)O-(C1-Cas)alkyl, -N(R9)-C(0O)-(C1-Ca)alkyl, -NR9R1o, -CH2NRgR 10,

-C(0)0-(C1-Cs)alkyl, -CH2CN, azetidin-1-yl, or azetidin-1-yl substituted by one or more -OH or
by both -CHs and -OH; wherein the alkyl is optionally substituted by 0 to 3 substituents
independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0O)0O-(C1-Cy)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl;

or Rs3 is selected from:

R11 Ris R Ry
H“J\K\ r’g | AN r“Pr | SN Hj\ﬁN
|
N N. N. N. /g
\[]/ R12 R12 R12 N™ "0
O , 0] , O or Ri2

Rs is selected from a 5- or 6-membered aromatic ring or aromatic heterocycle which is
unsubstituted or substituted by 1 to 3 substituents, and the 1 to 3 substituents are independently
selected from H, (Ci-Ce)alkyl, (Cs-Ce)cycloalkyl, -O-(C:-Ce)alkyl, -O-(Cz-Cs)cycloalkyl,
-S-(C1-Ce)alkyl, halogen, haloalkyl, haloalkoxy, hydroxyalkoxy, -CN, -C(O)NRgRo,
-C(O)-morpholin-4-yl,  hydroxy-azetidin-1-yl-carbonyl, -CH2NRgR1, -CH2NRg-C(O)R1p,
methyl-imidazolyl-, -CH2C(O)NRgR19, -CH>C(O)OH, -C(O)OH, -CH2C(O)O-(Ci-Ca)alkyl,
-N(Rg)-C(0)-(C1-Cs)alkyl, -NRgR19, -CH2NRgR10, -C(O)OCH3, -CH2CN, tetrahydropyrrol-1-yl,
azetidin-1-yl, or azetidin-1-yl substituted by one or more -OH or by both -CHz and -OH; wherein
the alkyl or cycloalkyl is optionally substituted by 0 to 3 substituents independently selected
from alkoxy having 1 to 4 carbon atoms, hydroxyl, sulfhydryl, halogen, -C(O)OH,
-C(0)O-(C1-Cas)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl; preferably, Rs is selected
from a 5- or 6-membered aromatic ring or aromatic heterocycle which is unsubstituted or
substituted by 1 to 3 substituents, and the 1 to 3 substituents are independently selected from H,
(C1-Ce)alkyl, -O-(C1-Ce)alkyl, -S-(C1-Ce)alkyl, halogen, haloalkyl, haloalkoxy, -CN,
-C(O)NRgR1y, -C(O)-morpholin-4-yl, hydroxy-azetidin-1-yl-carbonyl, -CH2NRgR10,
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-CH2NRo-C(O)R10, -CH2CN, methyl-imidazolyl-, -CH>.C(O)NRgR1o, -CH2C(O)OH, -C(O)OH,
-CH2C(0)O-(C1-Cys)alkyl, -N(Rg)-C(0)-(C1-Cs)alkyl, -NRgR1s, -CH2NR9Ri19, -C(O)OCHs,
-CH2CN, azetidin-1-yl, or azetidin-1-yl substituted by one or more -OH or by both -CHs and
-OH; wherein the alkyl is optionally substituted by 0 to 3 substituents independently selected
from alkoxy having 1 to 4 carbon atoms, hydroxyl, sulfhydryl, halogen, -C(O)OH,
-C(0)0O-(C1-Cas)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl;

or Rs is selected from:

0 R1a
| ~N R1a i
\; /R14 ~ N o / N/ R
‘ N \(Sgs P 14
| B
/ / \ o) /K
T 0]
Ri3 , R13 , Ri3 , Ri3 ,
AN Y
~ Ri4
L Py
" N o
Ris Ry7
Ris , R : o or Rus ;

Re is selected from halogen, halomethyl, methyl or cyano;

Rz is selected from H, (C1-Ce) alkyl, or halogen; wherein the alkyl is optionally substituted
by 0 to 3 substituents independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl,
sulfhydryl,  halogen, -C(O)OH, -C(O)O-(Ci-Cs)alkyl, -C(O)NRgR1, -NRoRio or
methanesulfonyl;

wherein:

Rs is selected from -OH, -OCHs, -NH2, -NHMe, -NMez, -NHCOMe, -NHCOH or
methanesulfonyl;

Ro is selected from H or alkyl having 1 to 4 carbon atoms;

Ruo is selected from H or (C1-Cs) alkyl, wherein the alkyl is optionally substituted by O to 3
substituents independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl,
sulfhydryl, halogen, -C(O)OH, -C(0O)O-(C1-Cs)alkyl or methanesulfonyl;

Ru1 is selected from -OCHs, -CH.CHjs, -OH, halomethoxy or H;

Ru12 is selected from H or (C1-Ce) alkyl, wherein the alkyl is optionally substituted by 0 to 3
substituents independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl,

sulfhydryl, halogen, -C(O)OH, -C(O)O-(C:i-Cs)alkyl, -C(O)NR9R1, -NRgRi1o, oOr
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methanesulfonyl;

Ru3 is selected from halogen or alkyl having 1 to 4 carbon atoms;

Ru4 is selected from H or (C1-Cs) alkyl, wherein the alkyl is optionally substituted by O to 3
substituents independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl,
sulfhydryl,  halogen, -C(O)OH, -C(O)O-(Ci-Cs)alkyl, -C(O)NRg9R1, -NRoRio or
methanesulfonyl;

Ris is selected from NH., -C(O)OH, -NH(C(0)-CHz) or -C(O)-NH(CHs3);

Rie is selected from H, (C1-Ce) alkyl or halogen; wherein the alkyl is optionally substituted
by 0 to 3 substituents independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl,
sulfhydryl, halogen, -C(O)OH, -C(O)O-(Ci-Cs)alkyl, -C(O)NR9Ri, -NRoRi, or
methanesulfonyl;

Riz is selected from -C(0)-NRg(Rw), (Ci-Ce)alkyl, -C(O)(C:-Ce)alkyl, and
-C(0)O(C1-Ce)alkyl; wherein the alkyl is optionally substituted by O to 3 substituents
independently selected from alkoxy having 1 to 4 carbon atoms, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0)0O-(C1-C4)alkyl, -C(O)NR9R10, -NRgR10, or methanesulfonyl; and

X1 is selected from oxygen or sulfur; Y, X2, V and W are each independently selected from
carbon or nitrogen; when Y is carbon, R4 is selected from H, hydroxyl, -O-(C:-Ce)alkyl, -CN,
halogen, (Ci-Ce)alkyl, -C(O)OH, -CH2C(O)OH, -CH2C(O)NRgR1o, or -C(O)O-(Ci-Cs)alkyl,
wherein the alkyl is optionally substituted by 0 to 3 substituents independently selected from
alkoxy having 1 to 4 carbon atoms, hydroxyl, sulfhydryl, halogen, -C(O)OH,
-C(0)0O-(C1-Cs)alkyl or methanesulfonyl.

2. The compound according to claim 1, wherein,

the linear or branched alkyl or cycloalkyl having 1 to 5 carbon atoms in Ry is selected from
methyl, ethyl, isopropyl, cyclopropyl, isobutyl, cyclobutyl or cyclopentyl,;

the alkoxy in R2 is selected from methoxy or ethoxy;

the haloalkyl in Rz is halomethyl, preferably -CFs, -CHF. or -CH2F; the haloalkoxy in Rz is
selected from -OCFs, -OCHF2, -OCH2F, -OCH2CF3, -OCH2CHF. or -OCH2CH:F, and is
preferably selected from -OCFs, -OCHF», or -OCHzF; and/or the alkoxy in Rz is selected from
methoxy or ethoxy;

the haloalkyl in Rs is halomethyl, preferably -CFs, -CHF», or -CH2F; and/or the haloalkoxy
in Rsis selected from -OCFs, -OCHF, -OCH:zF, -OCH:CFs3, -OCH2CHF2, or -OCH2CH:F, and is
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preferably selected from -OCF3, -OCHF2, or -OCH2F; the alkoxy in Rs is selected from methoxy
or ethoxy;

the halogen in Re is selected from chlorine, fluorine or bromine; and/or the halomethyl in Re
is selected from trifluoromethyl, difluoromethyl or monofluoromethyl;

the alkoxy in Ry is selected from methoxy or ethoxy;

the alkyl in Rg is selected from methyl or ethyl,

the alkoxy in Ryo is selected from methoxy or ethoxy;

the halomethoxy in R1s is selected from -OCFs3, -OCHF; or -OCH,F;

the alkoxy in R12 is selected from methoxy or ethoxy;

the alkyl in Ry3 is selected from methyl or ethyl;

the alkoxy in Rua is selected from methoxy or ethoxy;

the alkoxy in Rus is selected from methoxy or ethoxy;

the alkoxy in Ry is selected from methoxy or ethoxy; and/or

the alkoxy in R is selected from methoxy or ethoxy.

3. The compound according to claim 1 or 2, wherein Rj is selected from methyl, ethyl,

isopropyl, cyclopropyl, isobutyl, cyclobutyl, cyclopentyl or is:
&

$ &
O TR
OH | or o)

R> is selected from H or methyl;

Rs is selected from a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to
3 substituents independently selected from H, (C1-Ce)alkyl, (Cs-Cs)cycloalkyl, -O-(C1-Ce)alkyl,
-S-(C1-Ce)alkyl, -O-(Cs-Cs)cycloalkyl, halogen, -CF3, -CHF,, -CH2F, -OCF3, -OCHF2, -OCH:F,
-OCH,CF3, -OCH2CHF,, -OCH2CH2F, hydroxyalkoxy, -CN, -C(O)NRgRi, -CH2NRgR1o,
-CH2NRg-C(O)Ruyo, -CH2CN, -CH2C(O)NRgR1o, -CH2C(O)OH, -C(O)OH,
-CH2C(0)0-(C1-Cs)alkyl, -N(Rg)-C(O)-(C1-Cas)alkyl, -NRoRupo, -CH2NRgRuo,
-C(0)0-(C1-Ca)alkyl, -CH2CN, and tetrahydropyrrol-1-yl, wherein the alkyl or cycloalkyl is
optionally substituted by 0 to 3 substituents independently selected from methoxy, ethoxy,
hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(Ci-Cs)alkyl, -C(O)NRgR1, -NRgR1o, or
methanesulfonyl; preferably, Rz is selected from a 6-membered aromatic ring or aromatic

heterocycle substituted by 1 to 3 substituents independently selected from H, (Ci-Ce)alkyl,
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-O-(C1-Ce)alkyl, halogen, -CFs, -CHF», -CH2F, -OCF3, -OCHF,, -OCH2F, -CN, -C(O)NRgR1o,
-CH2NRgR10, -CH2NRg-C(O)R1o, -CH2CN, -CH>C(O)NRgRi1, -CH2C(O)OH, -C(O)OH,
-CH2C(0)0-(C1-Ca)alkyl, -N(Rg)-C(O)-(C1-Cas)alkyl, -NR9Rupo, -CH2NRgRo,
-C(0)0O-(C1-Ca)alkyl, and -CH2CN, wherein the alkyl is optionally substituted by 0 to 3
substituents independently selected from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0)O-(C1-Cs)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl; preferably, Rs is
selected from a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3
substituents independently selected from H, methyl, ethyl, isopropyl, tert-butyl, cyclopropyl,
methoxy, ethoxy, isopropoxy, -O-cyclopropyl, hydroxyethoxy, halogen, -CFs, -CHF,, -CH2F,
-OCF3, -OCHF2, -OCH:F, -OCH:CFs;, -OCH:CHF2, -OCH2:CH2F, -CN, -C(O)NR9Ruyo,
-CH2NRoR10, -CH2NRe-C(O)R10, -CH2CN, -CH2C(O)NRgR1, -CH.C(O)OH, -C(O)OH,
-CH2C(0)0-(C1-Ca)alkyl, -N(Ro)-C(O)-(C1-Cs)alkyl, -NRgR1po, -CH2NRgR1o,
-C(0)0O-(C1-Cs)alkyl, and tetrahydropyrrol-1-yl;

Rs is selected from a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to
3 substituents independently preferablyselected from H, (Ci-Ce)alkyl, (Cs-Cs)cycloalkyl,
-0O-(C1-Ce)alkyl, -S-(C1-Ce)alkyl, -O-(C3-Ceg)cycloalkyl, halogen, -CFs, -CHF,, -CH2F, -OCFs,
-OCHF,, -OCH:F, -OCH,CF3, -OCH2CHF,, -OCH2CH:F, hydroxyalkoxy, -CN, -C(O)NRgR1o,
-CH2NRgR10, -CH2NRg-C(O)R1o, -CH2CN, -CH2C(O)NR9R10, -CH.C(O)OH, -C(O)OH,
-CH2C(0)O-(C1-Cs)alkyl, -N(Rg)-C(O)-(C1-Ca)alkyl, -NR9R1o, -CH2NR9Rio, -C(O)OCHs,
-CH2CN, and tetrahydropyrrol-1-yl, wherein the alkyl or cycloalkyl is optionally substituted by 0
to 3 substituents independently selected from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0)O-(C1-Cas)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl; preferably, Rs is
selected from a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3
substituents independently preferably selected from H, (C:-Ce)alkyl, -O-(C1-Ce)alkyl, halogen,
-CF3, -CHF2, -CH.F, -OCFs;, -OCHF;, -OCH2F, -CN, -C(O)NRgR1, -CH2NRgRio,
-CH2NRg-C(O)Ruyo, -CH2CN, -CH2C(O)NRgR1o, -CH2C(O)OH, -C(O)OH,
-CH2C(0)0-(C1-Ca)alkyl, -N(Rg)-C(0)-(C1-Cas)alkyl, -NRoR10, -CH2NRgR10, -C(O)OCHs, and
-CH2CN, wherein the alkyl is optionally substituted by 0 to 3 substituents independently selected
from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(Ci-Cas)alkyl,
-C(O)NRgR10, -NRgR10, or methanesulfonyl; preferably, Rs is selected from a 6-membered

aromatic ring or aromatic heterocycle substituted by 1 to 3 substituents independently selected
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from H, methyl, ethyl, isopropyl, tert-butyl, cyclopropyl, methoxy, ethoxy, isopropoxy,
-O-cyclopropyl, hydroxyethoxy, halogen, -CFs, -CHF,;, -CH:F, -OCF3, -OCHF,, -OCH:2F,
-OCH,CF3, -OCH2CHF2, -OCH.CH2F, -CN, -C(O)NRgR1o, -CH2NRgR10, -CH2NRg-C(O)R1o0,
-CH2CN,  -CH2C(O)NRgR1,  -CH2C(O)OH,  -C(O)OH,  -CH2C(O)O-(Ci-Cas)alkyl,
-N(Ryg)-C(0)-(C1-Cs)alkyl, -NRgR10, -CH2NRgR10, -C(O)OCHs, and tetrahydropyrrol-1-yl;

Re is selected from chlorine or cyano;

R7 is hydrogen;

X1 is oxygen;

X2,V and W are all carbon; and/or

Y is nitrogen or carbon; when Y is carbon, R4 is selected from H, hydroxyl, -O-(C1-Ce)alkyl,
-C(O)OH, -CH:C(O)OH, -CH2C(O)NRgRi1o or -C(O)O-(Ci-Ce)alkyl, wherein the alkyl is
optionally substituted by 0 to 3 substituents independently selected from methoxy, ethoxy,
hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(C:-C4) alkyl, -C(O)NRgR10, -NRgR1o, or
methanesulfonyl;

wherein, Rg is selected from H, methyl or ethyl;

Ruo is selected from H or (C1-Ce)alkyl, wherein the alkyl is optionally substituted by 0 to 3
substituents independently selected from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0)0O-(C1-Cy4) alkyl or methanesulfonyl.

4. The compound according to any one of claims 1 to 3, wherein,

Y is carbon or nitrogen; wherein, when Y is nitrogen, R4 is not present; when Y is carbon,
R4 is selected from H, hydroxyl, -O-(C1-Ce)alkyl, -C(O)OH, -CH>C(O)OH, -CH2C(O)NRgR10 Or
-C(0)O-(C1-Ce)alkyl, wherein the alkyl is optionally substituted by 0 to 3 substituents
independently selected from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen, -C(O)OH,
-C(0)0O-(C1-Cas)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl;

R1 is selected from methyl, ethyl, isopropyl, cyclopropyl, cyclobutyl, or cyclopentyl;

Rz is H;

R3 is a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3 substituents,
the aromatic heterocycle is preferably pyridine ring, pyridone ring, pyrimidine ring, pyrazine
ring, or pyridazine ring, and the substituent is independently selected from H, (Ci1-Ce)alkyl,
(Cs-Ce)cycloalkyl, -O-(Ci-Ce)alkyl, -S-(Ci-Cs)alkyl, -O-(C3-Ce)cycloalkyl, halogen, -CFs,
-CHF2, -CH2F, -OCF3, -OCHF2, -OCH:F, -OCH2CFs3, -OCH2CHF2, -OCH2CH:F, hydroxyalkoxy,
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.CN, -C(O)NR¢Ri, -CHsNRoRio, -CH2NRe-C(O)Rio, -C(O)OH,  -CHaNRoRio,
tetrahydropyrrol-1-yl or -NRgR1o; wherein the alkyl or cycloalkyl is optionally substituted by 0
to 3 substituents independently selected from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0)0O-(C1-Cs)alkyl, -C(O)NRgR10, -NRgR10, or methanesulfonyl; preferably, Rz is a
6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3 substituents, the
aromatic heterocycle is preferably pyridine ring, pyridone ring, pyrimidine ring, pyrazine ring, or
pyridazine ring, and the substituent is independently selected from H, (Ci-Ce)alkyl,
-O-(C1-Ce)alkyl, -S-(C1-Ce)alkyl, halogen, -CFs, -CHF2, -CH2F, -OCF3, -OCHF2, -OCHzF, -CN,
-C(O)NR9R10, -CH2NR9R10, -CH2NRo-C(O)R10, -C(O)OH, -CH2NRgR10, or -NRoR1o; Wherein
the alkyl is optionally substituted by O to 3 substituents independently selected from methoxy,
ethoxy, hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(C1-Cy)alkyl, -C(O)NRgR10, -NRgR1p,
or methanesulfonyl; preferably, Rz is selected from a 6-membered aromatic ring or aromatic
heterocycle substituted by 1 to 3 substituents, the aromatic heterocycle is preferably pyridine
ring, pyridone ring, pyrimidine ring, pyrazine ring or pyridazine ring, the substituent is
independently selected from H, methyl, ethyl, isopropyl, tert-butyl, cyclopropyl, methoxy, ethoxy,
isopropoxy, -O-cyclopropyl, hydroxyethoxy, halogen, -CFs, -CHF2, -CH2F, -OCF3, -OCHF>,
OCH2F, -OCHCF3, -OCH:CHF,, -OCH.CH2F, -CN, -C(O)NRgR1, -CH2NRgR1o,
-CH2NRg-C(O)R10, -C(O)OH, -CH2NRgR 1o, tetrahydropyrrol-1-yl or -NRgR1o;

Rs is a 6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3 substituents,
and the aromatic heterocycle is preferably pyridine ring, pyridone ring, pyrimidine ring, pyrazine
ring, or pyridazine ring; and the substituent is independently selected from H, (Ci-Ce)alkyl,
(Cs-Ce)cycloalkyl, -O-(Ci-Ce)alkyl, -S-(Ci-Cs)alkyl, -O-(Cs3-Ce)cycloalkyl, halogen, -CFs,
-CHF2, -CH2F, -OCFs3, -OCHF2, -OCH2F, -OCH2CFs3, -OCH2CHF2, -OCH2CH:F, hydroxyalkoxy,
.CN, -C(O)NR¢R1w, -CH2NRgRig, -CH2NRo-C(O)R1w,  -C(O)OH,  -CH2NRoRio,
tetrahydropyrrol-1-yl or -NRgR1o; wherein the alkyl is optionally substituted by 0 to 3
substituents independently selected from methoxy, ethoxy, hydroxyl, sulfhydryl, halogen,
-C(O)OH, -C(0)0O-(C1-Cs)alkyl, -C(O)NR9R10, -NRgR10, or methanesulfonyl; preferably, Rs is a
6-membered aromatic ring or aromatic heterocycle substituted by 1 to 3 substituents, and the
aromatic heterocycle is preferably pyridine ring, pyridone ring, pyrimidine ring, pyrazine ring, or
pyridazine ring; and the substituent is independently selected from H, (Ci-Ce)alkyl,
-O-(C1-Ce)alkyl, -S-(C1-Cs)alkyl, halogen, -CFs, -CHF2, -CH:F, -OCF3, -OCHF2, -OCHzF, -CN,
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-C(O)NR9R10, -CH2NR9R10, -CH2NR9-C(O)R10, -C(O)OH, -CH2NRgR10, or -NRoR1o; Wherein
the alkyl is optionally substituted by O to 3 substituents independently selected from methoxy,
ethoxy, hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(C1-Ca)alkyl, -C(O)NRgR10, -NRgR1p,
or methanesulfonyl; preferably, Rs is selected from a 6-membered aromatic ring or aromatic
heterocycle substituted by 1 to 3 substituents, the aromatic heterocycle is preferably pyridine
ring, pyridone ring, pyrimidine ring, pyrazine ring, or pyridazine ring, and the substituent is
independently selected from H, methyl, ethyl, isopropyl, tert-butyl, cyclopropyl, methoxy, ethoxy,
isopropoxy, -O-cyclopropyl, hydroxyethoxy, halogen, -CFs, -CHF2, -CH2F, -OCF3, -OCHF,
-OCHzF, -OCH:CF3, -OCH.CHF2, -OCH.CH:F, -CN, -C(O)NRgRi, -CH2NRgR1o,
-CH2NRg-C(O)R10, -C(O)OH, -CH2NRgR1o, tetrahydropyrrol-1-yl or -NRgR1o;

Re is chlorine;

Rz is hydrogen;

X1 is oxygen; and/or

X2, V and W are all carbon;

wherein Rg is selected from H, methyl or ethyl, and R1o is selected from H, and (C1-Ce)alkyl,
wherein the alkyl is optionally substituted by 0 to 3 substituents independently selected from
methoxy, ethoxy, hydroxyl, sulfhydryl, halogen, -C(O)OH, -C(O)O-(Ci-Csalkyl, or
methanesulfonyl; and R is preferably H, methyl, ethyl, or 1-hydroxyethyl, more preferably is H,
methyl or ethyl.

5. The compound according to any one of claims 1 to 4, wherein the compound represented

by the structural formula I is selected from one of the following structures:
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6. The compound according to any one of claims 1 to 5, wherein the compound is in the S

configuration.

7. A preparation method of the compound according to any one of claims 1 to 6, wherein,

when Y is N, the preparation method of the compound comprises at least the following steps:
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(1) compound 1 and compound 2 are subjected to a substitution and rearrangement reaction
to synthesize compound 3;

(2) compound 3 and compound 4 are subjected to a cyclization reaction to construct an
imidazole ring to obtain compound 5;

(3) compound 5 is brominated by NBS to obtain compound 6;

(4) compound 6 and compound 7 are subjected to low-temperature lithiation with LDA to
obtain compound 8;

(5) compound 8 and compound 9 are subjected to an ammonolysis reaction to obtain
compound 10;

(6) compound 10 is subjected to an acidification and dehydration reaction to obtain
compound 11; and

(7) compound 11 and aryl or heteroaryl borate or boronic acid are subjected to a Suzuki
coupling reaction to obtain product 12;

wherein, the definitions of Ry, R2, R3, Rs, Re, R7, X1, X2, V and W are the same as those
according to any one of claims 1 to 4.

8. The preparation method of the compound according to any one of claims 1 to 6, wherein,

when Y is C, the preparation method of the compound comprises at least the following steps:
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(1) compound 1 and compound 2 are subjected to a substitution reaction to synthesize
compound 3;

(2) compound 3 is brominated by NBS to obtain compound 4;

(3) compound 4 and compound 5 are subjected to low-temperature lithiation with LDA to
obtain compound 6;

(4) compound 6 and compound 7 are subjected to an ammonolysis reaction to obtain
compound 8;

(5) compound 8 is subjected to an acidification and dehydration reaction to obtain
compound 9; and

(6) compound 9 and aryl or heteroaryl boronic acid are subjected to a Suzuki coupling
reaction to obtain product 11;

wherein, the definitions of R1, Rz, R3, R4, Rs, Re, R7, X1, X2, V and W are the same as those
according to any one of claims 1 to 4; preferably X is O.

9. A pharmaceutical composition, comprising at least one compound according to any one
of claims 1 to 6 as an active ingredient.

10. Use of a compound according to any one of claims 1 to 6 or a composition according to
claim 9 in the preparation of a medicament for treating a disease based on dysregulation of cell

cycle;
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the disease is preferably a tumor or nephritis disease; more preferably a disorder or disease
mediated by the activity of MDM2 and/or MDMA4.

11. The use according to claim 10, wherein the diseases based on dysregulation of cell cycle
include proliferative disorders or diseases,

preferably, the diseases based on dysregulation of cell cycle include cancers or tumor
diseases; the tumor diseases include benign or malignant tumors;

more preferably:

the tumor diseases include a soft tissue sarcoma or a sarcoma, a leukemia or bone cancer;
preferably, the sarcoma is liposarcoma or rhabdomyosarcoma; the leukemia is acute myeloid
leukemia, chronic myeloid leukemia, or B-cell chronic lymphocytic leukemia; the bone cancer is
osteosarcoma;

the cancers include a brain cancer, kidney cancer, liver cancer, adrenal cancer, bladder
cancer, breast cancer, gastric cancer, ovarian cancer, colon cancer, rectal cancer, prostate cancer,
pancreatic cancer, lung cancer, vaginal cancer or thyroid cancer, a glioblastoma, a meningioma, a
glioma, a mesothelioma, a multiple myeloma, a gastrointestinal cancer; especially colon cancer
or colorectal adenomas, head and neck tumors, a melanoma, a prostate hyperplasia, a neoplasia,
a neoplasia of epithelial character, a leukemia, a lymphoma, and other organ metastases and viral
infections;

further preferably, the leukemia is acute myeloid leukemia or B-cell chronic lymphocytic
leukemia; the lymphoma is lymphoma of B- or T-cell origin; the viral infection is herpes,
papilloma, HIV, Kaposi’s, or viral hepatitis;

or, the disease of dysregulation of cell cycle is a disorder or disease involving immune
system, preferably an autoimmune disease or immune disease caused by transplantation, a
chronic inflammatory condition or an inflammatory or allergic condition of skin, or other skin
inflammatory or allergic conditions or a hyperproliferative disorder;

preferably:

the autoimmune disease or immune disease caused by transplantation is rheumatoid arthritis,
graft-versus-host disease, systemic lupus erythematosus, Sjogren’s syndrome, multiple sclerosis,
Hashimoto’s thyroiditis, or polymyositis;

the chronic inflammatory condition is asthma, osteoarthritis, nephritis, atherosclerosis or

Morbus Crohn;
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the inflammatory or allergic condition of skin is psoriasis, contact dermatitis, atopic
dermatitis, alopecia areata, erythema multiforme, herpes-like dermatitis, scleroderma, vitiligo,
allergic vasculitis, urticaria, bullous pemphigoid, pemphigus, acquired epidermolysis bullosa;

the hyperproliferative disorder is Li-Fraumeni syndrome.

12. A method for treating a disease based on dysregulation of cell cycle, wherein the method
comprises administering an effective dose of the compound according to any one of claims 1 to 6
or the composition according to claim 9 to a subject in need thereof by oral or non-oral routes;

the disease is preferably a tumor or nephritis disease; more preferably a disorder or disease
mediated by the activity of MDM2 and/or MDM4.

13. The method according to claim 12, wherein,

the diseases based on dysregulation of cell cycle include cancers or tumor diseases; the
tumor diseases include benign or malignant tumors;

preferably:

the tumor diseases include a soft tissue sarcoma or a sarcoma, a leukemia or bone cancer;
preferably, the sarcoma is liposarcoma or rhabdomyosarcoma; the leukemia is acute myeloid
leukemia, chronic myeloid leukemia, or B-cell chronic lymphocytic leukemia; the bone cancer is
osteosarcoma;

the cancers include a brain cancer, kidney cancer, liver cancer, adrenal cancer, bladder
cancer, breast cancer, gastric cancer, ovarian cancer, colon cancer, rectal cancer, prostate cancer,
pancreatic cancer, lung cancer, vaginal cancer or thyroid cancer, a glioblastoma, a meningioma, a
glioma, a mesothelioma, a multiple myeloma, a gastrointestinal cancer; especially colon cancer
or colorectal adenomas, head and neck tumors, a melanoma, a prostate hyperplasia, a neoplasia,
a neoplasia of epithelial character , a leukemia, a lymphoma, and other organ metastases and
viral infections;

more preferably, the leukemia is acute myeloid leukemia or B-cell chronic lymphocytic
leukemia; the lymphoma is lymphoma of B- or T-cell origin; the viral infection is herpes,
papilloma, HIV, Kaposi’s, viral hepatitis;

or, the disease based on dysregulation of cell cycle is a disorder or disease involving
immune system, preferably an autoimmune disease or immune disease caused by transplantation,
a chronic inflammatory condition or an inflammatory or allergic condition of skin, or other skin

inflammatory or allergic conditions or a hyperproliferative disorder;

212



10

15

20

25

30

preferably:

the autoimmune disease or immune disease caused by transplantation is rheumatoid arthritis,
graft-versus-host disease, systemic lupus erythematosus, Sjogren’s syndrome, multiple sclerosis,
Hashimoto’s thyroiditis, polymyositis;

the chronic inflammatory condition is asthma, osteoarthritis, nephritis, atherosclerosis or
Morbus Crohn;

the inflammatory or allergic condition of the skin is psoriasis, contact dermatitis, atopic
dermatitis, alopecia areata, erythema multiforme, herpes-like dermatitis, scleroderma, vitiligo,
allergic vasculitis, urticaria, bullous pemphigoid, pemphigus, acquired epidermolysis bullosa;

the hyperproliferative disorder is Li-Fraumeni syndrome.

14. The compound according to any one of claims 1 to 6 or the composition according to
claim 9, for use as a medicament.

15. The compound according to any one of claims 1 to 6 or the composition according to
claim 9, for use in the treatment of a disease based on dysregulation of cell cycle;

the disease is preferably a tumor or nephritis disease; more preferably a disorder or disease
mediated by the activity of MDM2 and/or MDM4.

16. The compound or composition for use according to claim 15, wherein the diseases
based on dysregulation of cell cycle include cancers or tumor diseases; the tumor diseases
include benign or malignant tumors;

preferably:

the tumor diseases include a soft tissue sarcoma or a sarcoma, a leukemia or bone cancer;
preferably, the sarcoma is liposarcoma or rhabdomyosarcoma; the leukemia is acute myeloid
leukemia, chronic myeloid leukemia, or B-cell chronic lymphocytic leukemia; the bone cancer is
osteosarcoma;

the cancers include a brain cancer, kidney cancer, liver cancer, adrenal cancer, bladder
cancer, breast cancer, gastric cancer, ovarian cancer, colon cancer, rectal cancer, prostate cancer,
pancreatic cancer, lung cancer, vaginal cancer or thyroid cancer, a glioblastoma, a meningioma, a
glioma, a mesothelioma, a multiple myeloma, a gastrointestinal cancer; especially colon cancer
or colorectal adenomas, head and neck tumors, a melanoma, a prostate hyperplasia, a neoplasia,
a neoplasia of epithelial character, a leukemia, a lymphoma, and other organ metastases and viral

infections;
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more preferably: the leukemia is acute myeloid leukemia or B-cell chronic lymphocytic
leukemia; the lymphoma is lymphoma of B- or T-cell origin; the viral infection is herpes,
papilloma, HIV, Kaposi’s, viral hepatitis;

or, the disease based on dysregulation of cell cycle is a disorder or disease involving
immune system, preferably an autoimmune disease or immune disease caused by transplantation,
a chronic inflammatory condition or an inflammatory or allergic condition of skin, or other skin
inflammatory or allergic conditions or a hyperproliferative disorder;

preferably:

the autoimmune disease or immune disease caused by transplantation is rheumatoid arthritis,
graft-versus-host disease, systemic lupus erythematosus, Sjogren’s syndrome, multiple sclerosis,
Hashimoto’s thyroiditis, polymyositis;

the chronic inflammatory condition is asthma, osteoarthritis, nephritis, atherosclerosis or
Morbus Crohn;

the inflammatory or allergic condition of skin is psoriasis, contact dermatitis, atopic
dermatitis, alopecia areata, erythema multiforme, herpes-like dermatitis, scleroderma, vitiligo,
allergic vasculitis, urticaria, bullous pemphigoid, pemphigus, acquired epidermolysis bullosa;

the hyperproliferative disorder is Li-Fraumeni syndrome.

17. The compound according to any one of claims 1 to 6, which is in combination with one
or more therapeutically active agents, preferably in combination with one or more other

anti-proliferative compounds.
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