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NITROGEN-CONTAINING COMPOUND AND USE THEREOF 

 

[0001] The present application claims priority to the Chinese Patent Application No. 

2022107730353 filed on June 30, 2022, the Chinese Patent Application No. 202310066234.5 

filed on January 16, 2023, and the Chinese Patent Application No. 2023107394075 filed on 5 

June 21, 2023, which are incorporated herein by reference in their entirety. 

 

TECHNICAL FIELD  

[0002] The present disclosure relates to a nitrogen-containing compound and use thereof. 
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BACKGROUND 

[0003] There are 46 chromosomes in humans (two sets of 23), but in cancer, this number 

varies because during cell division, chromosome segregation occurs, leading to a 

phenomenon known as aneuploidy. Aneuploidy, which refers to the presence of an abnormal 

number of chromosomes in a cell, not only leads to common genetic diseases, but is also a 15 

hallmark of cancer cells. Not all cancers exhibit aneuploidy, but about 90% of solid tumors 

and 75% of blood cancers exhibit some degree of aneuploidy. 

[0004] KIF18A, a member of the kinesin-8 family of kinesins, is a mitotic kinesin that can 

utilize the energy released from ATP hydrolysis to move along microtubules toward the plus 

end within a cell. Meanwhile, KIF18A localizes at the plus ends of microtubules, regulating 20 

the dynamic instability of the microtubules and exhibiting activity similar to that of a 

microtubule depolymerase. During mitosis, KIF18A can regulate spindle microtubule 

dynamics and chromosome oscillation, playing a crucial role in timely completion of 

chromosome alignment in mitosis, maintenance of genome stability, and successful 

completion of mitosis. 25 

[0005] The KIF18A protein is overexpressed in some human tumor cells (e.g., breast 

cancer, ovarian cancer, and colorectal cancer, etc.), and is associated with tumor invasion and 

metastasis. After inhibition of the KIF18A protein, tumor cells with chromosomal instability 

exhibit mitotic delay, multipolar spindles, and increased cell death. Many anti-mitotic drugs 
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are already used clinically for cancer treatment, including tubulin inhibitors that can stabilize 

tubulin or prevent tubulin assembly. Since tubulin is the main component of the mitotic 

spindle, disruption of tubulin dynamics by these drugs results in mitotic arrest and inhibition 

of tumor cell growth. However, because tubulin inhibitors also have inhibitory effects on 

normal cells, such drugs have relatively significant toxic and side effects. Aneuploid cancer 5 

cells with chromosomal instability (CIN) characteristics rely on the KIF18A protein for 

proliferation, whereas diploid cells do not. As a result, inhibiting the activity of the KIF18A 

protein has less impact on normal cells, while the proliferation of tumor cells is selectively 

inhibited. Therefore, KIF18A inhibitors can lead to a relatively good therapeutic window due 

to their selectivity between normal cells and tumor cells and thus have relatively good clinical 10 

application prospects for tumor treatment. 

 

CONTENT OF THE PRESENT INVENTION 

[0006] The present disclosure aims to solve the technical problem of the structural 

uniformity of KIF18A inhibitors in the prior art, and thus provides a nitrogen-containing 15 

compound and use thereof. The nitrogen-containing compound of the present disclosure can 

effectively inhibit the overexpression of the KIF18A protein in some human tumor cells. 

 

[0007] The present disclosure provides a nitrogen-containing compound represented by 

formula I, a pharmaceutically acceptable salt thereof, a stereoisomer thereof, a tautomer 20 

thereof, a metabolite thereof, a prodrug thereof, an isotopically labeled derivative thereof, a 

solvate thereof, or a solvate of the pharmaceutically acceptable salt thereof: 

 

[0008] wherein Rx is 3- to 6-membered monocyclic cycloalkyl, 5- to 6-membered 

monocyclic heterocycloalkyl, 6- to 9-membered bridged heterocycloalkyl, 7- to 9-membered 25 

spiro heterocycloalkyl, 5- to 6-membered monocyclic heterocycloalkyl substituted with one 



 

3 
 

 

or more Rx-1, 6- to 9-membered bridged heterocycloalkyl substituted with one or more Rx-2, 

7- to 9-membered spiro heterocycloalkyl substituted with one or more Rx-3, or 3- to 6-

membered monocyclic cycloalkyl substituted with one or more Rx-4; in the “5- to 6-

membered monocyclic heterocycloalkyl”, the “6- to 9-membered bridged heterocycloalkyl”, 

the “7- to 9-membered spiro heterocycloalkyl”, the “5- to 6-membered monocyclic 5 

heterocycloalkyl substituted with one or more Rx-1”, the “6- to 9-membered bridged 

heterocycloalkyl substituted with one or more Rx-2”, and the “7- to 9-membered spiro 

heterocycloalkyl substituted with one or more Rx-3”, the heteroatom(s) independently 

consist(s) of 1 N atom and 0, 1, or 2 X atoms, the X atom being independently selected from 

1 or 2 of N, O, and S; the “5- to 6-membered monocyclic heterocycloalkyl”, the “6- to 9-10 

membered bridged heterocycloalkyl”, the “7- to 9-membered spiro heterocycloalkyl”, the “5- 

to 6-membered monocyclic heterocycloalkyl substituted with one or more Rx-1”, the “6- to 9-

membered bridged heterocycloalkyl substituted with one or more Rx-2”, and the “7- to 9-

membered spiro heterocycloalkyl substituted with one or more Rx-3” are connected to ring A 

through the N atom; 15 

[0009] each of Rx-1, Rx-2, Rx-3, and Rx-4 is independently halogen, RN-10k, RN-10l, C1-6 alkyl, 

C1-6 alkyl substituted with one or more halogens, -ORN-a, C1-6 alkoxy substituted with one or 

more halogens, CN, -NRN-aRN-a, or oxo; 

[0010] R1 is -L-R1-1; 

[0011] L is *-NHSO2-, -NH-, *-NHC(O)-, -NHC(O)NH-, *-SO2NH-, or -SO2-; * 20 

represents the end connected to ring A; 

[0012] R1-1 is C1-6 alkyl, 3- to 6-membered monocyclic cycloalkyl, 4- to 8-membered 

monocyclic heterocycloalkyl, C1-6 alkyl substituted with one or more Ra, or 3- to 6-membered 

monocyclic cycloalkyl substituted with one or more Rb; in the 4- to 8-membered monocyclic 

heterocycloalkyl, the heteroatom is independently selected from 1, 2, or 3 of N, O, and S, and 25 

the number of the heteroatom is independently 1, 2, 3, or 4; 

[0013] each Ra is independently hydroxyl, halogen, or -NH(Ra-1); 

[0014] Ra-1 is C1-6 alkyl; 

[0015] each Rb is independently C1-6 alkyl or C1-6 alkyl substituted with one or more 
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hydroxyl; 

[0016] G is C(R10) or N; R10 is H, halogen, C1-6 alkyl, C1-6 alkyl substituted with one or more 

halogens, -OH, -O-RN-8a, or -O-RN-8b; 

[0017] M is phenyl, naphthyl, 5-membered heteroaryl, 6-membered heteroaryl, 9- to 10-

membered heteroaryl, 6-membered heterocycloalkenyl, 6-membered heteroaryl substituted 5 

with one or more R2, 9- to 10-membered heteroaryl substituted with one or more R3, 6-

membered heterocycloalkenyl substituted with one or more R4, phenyl substituted with one 

or more R5, naphthyl substituted with one or more R5, or 5-membered heteroaryl substituted 

with one or more R6; in the “5-membered heteroaryl”, “6-membered heteroaryl”, “9- to 10-

membered heteroaryl”, “6-membered heterocycloalkenyl”, “6-membered heteroaryl 10 

substituted with one or more R2”, “9- to 10-membered heteroaryl substituted with one or 

more R3”, “6-membered heterocycloalkenyl substituted with one or more R4”, and “5-

membered heteroaryl substituted with one or more R6”, the heteroatom is independently 

selected from 1, 2, or 3 of N, O, and S, and the number of the heteroatom is independently 1, 

2, 3, or 4; 15 

[0018] each of R2, R3, R4, R5, and R6 is independently oxo, halogen, RN-4a, RN-4b, C1-6 alkyl, 

C1-6 alkyl substituted with one or more halogens, cyano, C1-6 alkoxy, -O-RN-6a, or -Y-RN-13; 

[0019] RN-6a is a saturated or partially saturated 3-, 4-, 5-, or 6-membered monocyclic ring 

comprising 0, 1, 2, or 3 N atoms and 0, 1, or 2 atoms selected from O and S; 

[0020] Y is -C1-6 alkyl-, -N(C1-6 alkyl)-C1-6 alkyl-, -C(=O)NRN-aRN-a(C1-6 alkyl), -O-, -O-20 

C1-6 alkyl-, S, S=O, S(=O)2, -S(=O)(=N-RN-13)-, or -S(=O)(=NH)-; 

[0021] RN-13 is RN-13a or RN-13b; 

[0022] each of RN-4a, RN-8a, RN-10k, and RN-13a is independently selected from the group 

consisting of: a saturated, partially saturated, or unsaturated 3-, 4-, 5-, 6-, or 7-membered 

monocyclic ring or 4-, 5-, 6-, 7-, 8-, 9-, 10-, 11-, or 12-membered bicyclic ring comprising 0, 25 

1, 2, or 3 N atoms and 0, 1, or 2 atoms selected from O and S, wherein the monocyclic or 

bicyclic ring is substituted with 0, 1, 2, or 3 groups selected from: halogen, C1-6 alkyl, C1-6 

alkyl substituted with one or more halogens, -ORN-a, C1-6 alkoxy substituted with one or more 
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halogens, CN, -C(=O)RN-b, -C(=O)ORN-a, -C(=O)NRN-aRN-a, -C(=NRN-a)NRN-aRN-a, -

OC(=O)RN-b, -OC(=O)NRN-aRN-a, -OC1-6 alkyl NRN-aRN-a, -OC1-6 alkyl ORN-a, -SRN-a, -S(=O)RN-

b, -S(=O)2RN-b, -S(=O)2NRN-a 

RN-a, -NRN-aRN-a, -N(RN-a)C(=O)RN-b, -N(RN-a)C(=O)ORN-b, -N(RN-a)C(=O)NRN-aRN-a, -N(RN-

a)C(=NRN-a) 5 

NRN-aRN-a, -N(RN-a)S(=O)2RN-b, -N(RN-a)S(=O)2NRN-aRN-a, -NRN-aC1-6 alkyl NRN-aRN-a, -NRN-

aC1-6 alkyl ORN-a, -C1-6 alkyl NRN-aRN-a, -C1-6 alkyl ORN-a, -C1-6 alkyl N(RN-a)C(=O)RN-b, -C1-

6 alkyl OC(=O)RN-b, -C1-6 alkyl C(=O)NRN-aRN-a, -C1-6 alkyl C(=O)ORN-a, RN-14, and oxo; 

[0023] each of RN-4b, RN-8b, RN-10l, and RN-13b is independently C1-6 alkyl substituted with 

0, 1, 2, 3, 4, or 5 groups selected from halogen, -ORN-a, C1-6 alkoxy substituted with one or 10 

more halogens, and CN; 

[0024] each RN-14 is independently selected from the group consisting of: a saturated, 

partially saturated, or unsaturated 3-, 4-, 5-, 6-, or 7-membered monocyclic ring or 4-, 5-, 6-, 

7-, 8-, 9-, 10-, 11-, or 12-membered bicyclic ring comprising 0, 1, 2, or 3 N atoms and 0 or 1 

atom selected from O and S, wherein the monocyclic or bicyclic ring is substituted with 0, 1, 15 

2, or 3 groups selected from: halogen, C1-6 alkyl, C1-6 alkyl substituted with one or more 

halogens, -ORN-a, C1-6 alkoxy substituted with one or more halogens, CN, -C(=O)RN-b, -

C(=O)ORN-a, -C(=O)NRN-aRN-a, -C(=NRN-a)NRN-aRN-a, -OC(=O)RN-b, -OC(=O)NRN-aRN-a, -OC1-

6 alkyl NRN-aRN-a, -OC1-6 alkyl ORN-a, -SRN-a, -S(=O)RN-b, -S(=O)2RN-b, -S(=O)2NRN-aRN-a, -

NRN-aRN-a, -N(RN-a)C(=O)RN-b, -N(RN-a)C(=O)ORN-b, -N(RN-a)C(=O)NRN-aRN-a, -N(RN-20 

a)C(=NRN-a)NRN-aRN-a, -N(RN-a)S(=O)2RN-b, -N(RN-a)S(=O)2NRN-aRN-a, -NRN-aC1-6 alkyl 

NRN-aRN-a, -NRN-aC1-6 alkyl ORN-a, -C1-6 alkyl NRN-aRN-a, -C1-6 alkyl ORN-a, -C1-6 alkyl N(RN-

a)C(=O)RN-b, -C1-6 alkyl OC(=O)RN-b, -C1-6 alkyl C(=O)NRN-aRN-a, -C1-6 alkyl C(=O)ORN-a, 

and oxo; 

[0025] each RN-a is independently H or RN-b; 25 

[0026] each RN-b is independently C1-6 alkyl, phenyl, or benzyl, wherein the C1‑6 alkyl is 

substituted with 0, 1, 2, or 3 substituents selected from: halogen, -OH, -OC1‑6 alkyl, -NH2, -

NHC1‑6 alkyl, -OC(=O)C1‑6 alkyl, or -N(C1‑6 alkyl)C1‑6 alkyl; and the phenyl or benzyl is 

substituted with 0, 1, 2, or 3 substituents selected from: halogen, C1‑6 alkyl, C1-6 alkyl 
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substituted with one or more halogens, -OH, -OC1‑6 alkyl, -NH2, -NHC1‑6 alkyl, -OC(=O)C1‑6 

alkyl, or -N(C1‑6 alkyl)C1‑6 alkyl; 

[0027] W and X2 are as defined in any one of the following schemes: 

[0028] scheme 1: W is *-CONRW-; X2 is RW-1; * represents the end connected to ring A; 

[0029] scheme 2: W is *-NRWCO-; X2 is RW-1; * represents the end connected to ring A; 5 

and 

[0030] scheme 3: W is *-C(=X1)NRW-; X1, X2, and the C atoms therebetween together 

form 6-membered heteroaryl; in the 6-membered heteroaryl, the heteroatom is selected from 

1, 2, or 3 of N, O, and S, and the number of the heteroatom is 1, 2, or 3; * represents the end 

connected to ring A; 10 

[0031] RW is H, C1-6 alkyl, or C1-6 alkyl substituted with one or more halogens; 

[0032] RW-1 is H, halogen, C1-6 alkyl, or C1-6 alkyl substituted with one or more halogens; 

and 

[0033] the compound represented by formula I satisfies one, two, or three of the following 

conditions: 15 

[0034] condition 1: Rx is 6- to 9-membered bridged heterocycloalkyl or 6- to 9-membered 

bridged heterocycloalkyl substituted with one or more Rx-2; 

[0035] condition 2: M is naphthyl, 5-membered heteroaryl, 9- to 10-membered heteroaryl, 

6-membered heterocycloalkenyl, naphthyl substituted with one or more R5, 5-membered 

heteroaryl substituted with one or more R6, 9- to 10-membered heteroaryl substituted with 20 

one or more R3, or 6-membered heterocycloalkenyl substituted with one or more R4; and 

[0036] condition 3: W is *-C(=X1)NRW-; X1, X2, and the C atoms therebetween together 

form 6-membered heteroaryl. 

 

[0037] The present disclosure provides a nitrogen-containing compound represented by 25 

formula II, a pharmaceutically acceptable salt thereof, a stereoisomer thereof, a tautomer 

thereof, a metabolite thereof, a prodrug thereof, an isotopically labeled derivative thereof, a 

solvate thereof, or a solvate of the pharmaceutically acceptable salt thereof: 
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[0038] wherein Rx is 3- to 6-membered monocyclic cycloalkyl, 5- to 6-membered 

monocyclic heterocycloalkyl, 6- to 9-membered bridged heterocycloalkyl, 7- to 9-membered 

spiro heterocycloalkyl, 5- to 6-membered monocyclic heterocycloalkyl substituted with one 

or more Rx-1, 6- to 9-membered bridged heterocycloalkyl substituted with one or more Rx-2, 5 

7- to 9-membered spiro heterocycloalkyl substituted with one or more Rx-3, or 3- to 6-

membered monocyclic cycloalkyl substituted with one or more Rx-4; in the “5- to 6-

membered monocyclic heterocycloalkyl”, the “6- to 9-membered bridged heterocycloalkyl”, 

the “7- to 9-membered spiro heterocycloalkyl”, the “5- to 6-membered monocyclic 

heterocycloalkyl substituted with one or more Rx-1”, the “6- to 9-membered bridged 10 

heterocycloalkyl substituted with one or more Rx-2”, and the “7- to 9-membered spiro 

heterocycloalkyl substituted with one or more Rx-3”, the heteroatom(s) independently 

consist(s) of 1 N atom and 0, 1, or 2 X atoms, the X atom being independently selected from 

1 or 2 of N, O, and S; the “5- to 6-membered monocyclic heterocycloalkyl”, the “6- to 9-

membered bridged heterocycloalkyl”, the “7- to 9-membered spiro heterocycloalkyl”, the “5- 15 

to 6-membered monocyclic heterocycloalkyl substituted with one or more Rx-1”, the “6- to 9-

membered bridged heterocycloalkyl substituted with one or more Rx-2”, and the “7- to 9-

membered spiro heterocycloalkyl substituted with one or more Rx-3” are connected to ring A 

through the N atom; 

[0039] each of Rx-1, Rx-2, Rx-3, and Rx-4 is independently halogen, C1-6 alkyl, C1-6 alkoxy, 20 

C1-6 alkyl substituted with one or more halogens, or C1-6 alkoxy substituted with one or more 

halogens; 

[0040] R1 is -L-R1-1; 

[0041] L is *-NHSO2-, -NH-, *-NHC(O)-, -NHC(O)NH-, *-SO2NH-, or -SO2-; * 

represents the end connected to ring A; 25 

[0042] R1-1 is C1-6 alkyl, 3- to 6-membered monocyclic cycloalkyl, 4- to 8-membered 
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monocyclic heterocycloalkyl, C1-6 alkyl substituted with one or more Ra, or 3- to 6-membered 

monocyclic cycloalkyl substituted with one or more Rb; in the 4- to 8-membered monocyclic 

heterocycloalkyl, the heteroatom is independently selected from 1, 2, or 3 of N, O, and S, and 

the number of the heteroatom is independently 1, 2, 3, or 4; 

[0043] each Ra is independently hydroxyl, halogen, or -NH(Ra-1); 5 

[0044] Ra-1 is C1-6 alkyl; 

[0045] each Rb is independently C1-6 alkyl or C1-6 alkyl substituted with one or more 

hydroxyl;  

[0046] B is phenyl, naphthyl, 5-membered heteroaryl, 6-membered heteroaryl, 9- to 10-

membered heteroaryl, 6-membered heterocycloalkenyl, 6-membered heteroaryl substituted 10 

with one or more R2, 9- to 10-membered heteroaryl substituted with one or more R3, 6-

membered heterocycloalkenyl substituted with one or more R4, phenyl substituted with one 

or more R5, naphthyl substituted with one or more R5, or 5-membered heteroaryl substituted 

with one or more R6; in the “5-membered heteroaryl”, “6-membered heteroaryl”, “9- to 10-

membered heteroaryl”, “6-membered heterocycloalkenyl”, “6-membered heteroaryl 15 

substituted with one or more R2”, “9- to 10-membered heteroaryl substituted with one or 

more R3”, “6-membered heterocycloalkenyl substituted with one or more R4”, and “5-

membered heteroaryl substituted with one or more R6”, the heteroatom is independently 

selected from 1, 2, or 3 of N, O, and S, and the number of the heteroatom is independently 1, 

2, 3, or 4; 20 

[0047] each of R2, R3, R4, R5, and R6 is independently halogen, cyano, oxo (=O), C1-6 

alkyl, or C1-6 alkyl substituted with one or more halogens; 

[0048] U is 3- to 10-membered cycloalkyl, 4- to 10-membered heterocycloalkyl, 6- to 10-

membered aryl, 5- to 10-membered heteroaryl, 3- to 10-membered cycloalkyl substituted 

with one or more R2-1, 4- to 10-membered heterocycloalkyl substituted with one or more R2-25 

2, or 5- to 10-membered heteroaryl substituted with one or more R2-3; in the “5- to 10-

membered heteroaryl”, “4- to 10-membered heterocycloalkyl”, “4- to 10-membered 

heterocycloalkyl substituted with one or more R2-2”, and “5- to 10-membered heteroaryl 

substituted with one or more R2-3”, the heteroatom is independently selected from 1, 2, or 3 
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of N, O, and S, and the number of the heteroatom is independently 1, 2, 3, or 4; 

[0049] each of R2-1, R2-2, and R2-3 is independently halogen, C1-6 alkyl, oxo, CN, hydroxyl, 

3- to 6-membered monocyclic cycloalkyl, C1-6 alkyl substituted with one or more halogens, 

C1-6 alkoxy substituted with one or more halogens, 3- to 6-membered monocyclic cycloalkyl 

substituted with one or more halogens, or C1-6 alkoxy; 5 

[0050] W and X2 are as defined in any one of the following schemes: 

(1) W is *-CONRW-; X2 is RW-1; * represents the end connected to ring A; 

(2) W is *-NRWCO-; X2 is RW-1; * represents the end connected to ring A; and 

(3) W is *-C(=X1)NRW-; X1, X2, and the C atoms therebetween together form 6-membered 

heteroaryl; in the 6-membered heteroaryl, the heteroatom is selected from 1, 2, or 3 of N, O, 10 

and S, and the number of the heteroatom is 1, 2, or 3; * represents the end connected to ring 

A; 

[0051] RW is H, C1-6 alkyl, or C1-6 alkyl substituted with one or more halogens; 

[0052] RW-1 is H, halogen, C1-6 alkyl, or C1-6 alkyl substituted with one or more halogens; 

[0053] G is C(R10) or N; 15 

[0054] R10 is H, halogen, C1-6 alkyl, hydroxyl, or C1-6 alkyl substituted with one or more 

halogens; and  

[0055] the compound represented by formula II satisfies one, two, or three of the following 

conditions: 

(1)Rx is 6- to 9-membered bridged heterocycloalkyl or 6- to 9-membered bridged 20 

heterocycloalkyl substituted with one or more Rx-2; 

(2)B is naphthyl, 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered 

heterocycloalkenyl, naphthyl substituted with one or more R5, 5-membered heteroaryl 

substituted with one or more R6, 9- to 10-membered heteroaryl substituted with one or more 

R3, or 6-membered heterocycloalkenyl substituted with one or more R4; and 25 

(3)W is *-C(=X1)NRW-; X1, X2, and the C atoms therebetween together form 6-membered 

heteroaryl. 

 

[0056] In a certain embodiment, in the nitrogen-containing compound represented by 
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formula II, the pharmaceutically acceptable salt thereof, the stereoisomer thereof, the 

tautomer thereof, the metabolite thereof, the prodrug thereof, the isotopically labeled 

derivative thereof, the solvate thereof, or the solvate of the pharmaceutically acceptable salt 

thereof, certain groups in the nitrogen-containing compound represented by formula II are 

defined as follows, and the remaining groups are defined as described in any one of the other 5 

embodiments (hereinafter referred to as “in a certain embodiment”): 

[0057] Rx is 6- to 9-membered bridged heterocycloalkyl, 7- to 9-membered spiro 

heterocycloalkyl, or 6- to 9-membered bridged heterocycloalkyl substituted with one or more 

Rx-2; in the “6- to 9-membered bridged heterocycloalkyl”, the “7- to 9-membered spiro 

heterocycloalkyl”, and the “6- to 9-membered bridged heterocycloalkyl substituted with one 10 

or more Rx-2”, the heteroatom(s) independently consist(s) of 1 N atom and 0, 1, or 2 X atoms, 

the X atom being independently selected from 1 or 2 of N, O, and S; the “6- to 9-membered 

bridged heterocycloalkyl”, the “7- to 9-membered spiro heterocycloalkyl”, and the “6- to 9-

membered bridged heterocycloalkyl substituted with one or more Rx-2” are connected to ring 

A through the N atom; 15 

[0058] each Rx-2 is independently C1-6 alkyl; 

[0059] R1 is -L-R1-1; 

[0060] L is *-NHSO2-; * represents the end connected to ring A; 

[0061] R1-1 is C1-6 alkyl, C1-6 alkyl substituted with one or more Ra, or 3- to 6-membered 

monocyclic cycloalkyl substituted with one or more Rb;  20 

[0062] each Ra is independently hydroxyl; 

[0063] each Rb is independently C1-6 alkyl;  

[0064] B is 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered 

heteroaryl substituted with one or more R2, or 9- to 10-membered heteroaryl substituted with 

one or more R3; in the “5-membered heteroaryl”, “9- to 10-membered heteroaryl”, “6-25 

membered heteroaryl substituted with one or more R2”, and “9- to 10-membered heteroaryl 

substituted with one or more R3”, the heteroatom is independently selected from 1, 2, or 3 of 

N, O, and S, and the number of the heteroatom is independently 1, 2, 3, or 4; 

[0065] each R2 is independently C1-6 alkyl; 
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[0066] each R3 is independently halogen, C1-6 alkyl, or C1-6 alkyl substituted with one or 

more halogens; 

[0067] U is 3- to 10-membered cycloalkyl, 4- to 10-membered heterocycloalkyl, 3- to 10-

membered cycloalkyl substituted with one or more R2-1, or 4- to 10-membered 

heterocycloalkyl substituted with one or more R2-2; in the “4- to 10-membered 5 

heterocycloalkyl” or “4- to 10-membered heterocycloalkyl substituted with one or more R2-

2”, the heteroatom is independently selected from 1, 2, or 3 of N, O, and S, and the number 

of the heteroatom is independently 1, 2, 3, or 4; 

[0068] each of R2-1, R2-2, and R2-3 is independently halogen; 

[0069] W and X2 are as defined in any one of the following schemes: 10 

(1) W is *-CONRW-; X2 is RW-1; * represents the end connected to ring A; and 

(2) W is *-C(=X1)NRW-; X1, X2, and the C atoms therebetween together form 6-

membered heteroaryl; in the 6-membered heteroaryl, the heteroatom is selected 

from 1, 2, or 3 of N, O, and S, and the number of the heteroatom is 1, 2, or 3; * 

represents the end connected to ring A; 15 

[0070] RW is H; RW-1 is H; 

[0071] G is C(R10) or N; 

[0072] R10 is H; and  

[0073] the compound represented by formula II satisfies one, two, or three of the following 

conditions: 20 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl or 6- to 9-membered bridged 

heterocycloalkyl substituted with one or more Rx-2; 

(2) B is naphthyl, 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered 

heterocycloalkenyl, naphthyl substituted with one or more R5, 5-membered 

heteroaryl substituted with one or more R6, 9- to 10-membered heteroaryl 25 

substituted with one or more R3, or 6-membered heterocycloalkenyl substituted 

with one or more R4; and 

(3) W is *-C(=X1)NRW-; X1, X2, and the C atoms therebetween together form 6-

membered heteroaryl. 
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[0074] In a certain embodiment, Rx is 6- to 9-membered bridged heterocycloalkyl, 7- to 

9-membered spiro heterocycloalkyl, or 6- to 9-membered bridged heterocycloalkyl 

substituted with one or more Rx-2; in the “6- to 9-membered bridged heterocycloalkyl”, the 

“7- to 9-membered spiro heterocycloalkyl”, and the “6- to 9-membered bridged 

heterocycloalkyl substituted with one or more Rx-2”, the heteroatom(s) independently 5 

consist(s) of 1 N atom and 0, 1, or 2 X atoms, the X atom being independently selected from 

1 or 2 of N, O, and S; the “6- to 9-membered bridged heterocycloalkyl”, the “7- to 9-

membered spiro heterocycloalkyl”, and the “6- to 9-membered bridged heterocycloalkyl 

substituted with one or more Rx-2” are connected to ring A through the N atom; 

[0075] each Rx-2 is independently C1-6 alkyl; 10 

[0076] R1 is -L-R1-1; 

[0077] L is *-NHSO2-; * represents the end connected to ring A; 

[0078] R1-1 is C1-6 alkyl, C1-6 alkyl substituted with one or more Ra, or 3- to 6-membered 

monocyclic cycloalkyl substituted with one or more Rb;  

[0079] each Ra is independently hydroxyl; 15 

[0080] each Rb is independently C1-6 alkyl;  

[0081] B is 9- to 10-membered heteroaryl, 6-membered heteroaryl substituted with one or 

more R2, or 9- to 10-membered heteroaryl substituted with one or more R3; in the “5-

membered heteroaryl”, “9- to 10-membered heteroaryl”, “6-membered heteroaryl substituted 

with one or more R2”, and “9- to 10-membered heteroaryl substituted with one or more R3”, 20 

the heteroatom is independently selected from 1, 2, or 3 of N, O, and S, and the number of 

the heteroatom is independently 1, 2, 3, or 4; when the 9- to 10-membered heteroaryl is 9-

membered heteroaryl with 2 heteroatoms, the heteroatoms are independently selected from 1 

or 2 of N and O; when the 9- to 10-membered heteroaryl is 9-membered heteroaryl with 3 

heteroatoms, the heteroatoms are N; when the 9- to 10-membered heteroaryl is 10-membered 25 

heteroaryl with 2 heteroatoms of N, the heteroatoms are located on different rings; 

[0082] when B is 6-membered heteroaryl substituted with one or more R2, Rx is 8- to 9-

membered bridged heterocycloalkyl; in the “8- to 9-membered bridged heterocycloalkyl”, 

the heteroatom(s) independently consist(s) of 1 N atom and 0, 1, or 2 X atoms, the X atom 
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being independently selected from 1 or 2 of N, O, and S; the “8- to 9-membered bridged 

heterocycloalkyl” is connected to ring A through the N atom; 

[0083] each R2 is independently C1-6 alkyl; 

[0084] each R3 is independently halogen or C1-6 alkyl; 

[0085] U is 4- to 10-membered heterocycloalkyl or 4- to 10-membered heterocycloalkyl 5 

substituted with one or more R2-2; in the “4- to 10-membered heterocycloalkyl” or “4- to 10-

membered heterocycloalkyl substituted with one or more R2-2”, the heteroatoms are 

independently selected from 1, 2, or 3 of N, O, and S, and the number of the heteroatoms is 

independently 2, 3, or 4; 

[0086] each R2-2 is independently halogen; 10 

[0087] W is *-CONRW-; X2 is RW-1; * represents the end connected to ring A; 

[0088] RW is H; RW-1 is H; 

[0089] G is C(R10) or N; 

[0090] R10 is H; and  

[0091] the compound represented by formula II satisfies one or two of the following 15 

conditions: 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl or 6- to 9-membered bridged 

heterocycloalkyl substituted with one or more Rx-2; and 

(2) B is 9- to 10-membered heteroaryl or 9- to 10-membered heteroaryl substituted with 

one or more R3. 20 

[0092] In a certain embodiment, Rx is 6- to 9-membered bridged heterocycloalkyl, 6- to 

9-membered bridged heterocycloalkyl substituted with one or more Rx-2, or 7- to 9-membered 

spiro heterocycloalkyl; 

[0093] each Rx-2 is independently C1-6 alkyl; 

[0094] R1 is -L-R1-1; 25 

[0095] L is *-NHSO2-; 

[0096] R1-1 is C1-6 alkyl, C1-6 alkyl substituted with one or more Ra, or 3- to 6-membered 

monocyclic cycloalkyl substituted with one or more Rb; 

[0097] Ra is hydroxyl; 
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[0098] each Rb is independently C1-6 alkyl; 

[0099] B is 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered 

heteroaryl substituted with one or more R2, or 9- to 10-membered heteroaryl substituted with 

one or more R3; 

[0100] each R2 is independently C1-6 alkyl; 5 

[0101] each R3 is independently C1-6 alkyl; 

[0102] U is 4- to 10-membered heterocycloalkyl, 3- to 10-membered cycloalkyl 

substituted with one or more R2-1, or 4- to 10-membered heterocycloalkyl substituted with 

one or more R2-2; 

[0103] each R2-1 is independently halogen; 10 

[0104] each R2-2 is independently halogen; 

[0105] W is *-CONH-; X2 is H; and 

[0106] the compound represented by formula II satisfies one or two of the following 

conditions: 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl; and 15 

(2) B is 5-membered heteroaryl, naphthyl, 9- to 10-membered heteroaryl, naphthyl 

substituted with one or more R5, or 9- to 10-membered heteroaryl substituted with 

one or more R3. 

[0107] In a certain embodiment, Rx is 6- to 9-membered bridged heterocycloalkyl, 6- to 

9-membered bridged heterocycloalkyl substituted with one or more Rx-2, or 7- to 9-membered 20 

spiro heterocycloalkyl; 

[0108] each Rx-2 is independently C1-6 alkyl; 

[0109] R1 is -L-R1-1; 

[0110] L is *-NHSO2-; 

[0111] R1-1 is C1-6 alkyl, C1-6 alkyl substituted with one or more Ra, or 3- to 6-membered 25 

monocyclic cycloalkyl substituted with one or more Rb; 

[0112] Ra is hydroxyl; 

[0113] each Rb is independently C1-6 alkyl; 

[0114] B is naphthyl, 5-membered heteroaryl, 9- to 10-membered heteroaryl, naphthyl 
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substituted with one or more R5, 6-membered heteroaryl substituted with one or more R2, or 

9- to 10-membered heteroaryl substituted with one or more R3; 

[0115] each R2 is independently C1-6 alkyl; 

[0116] each R3 is independently C1-6 alkyl; 

[0117] U is 4- to 10-membered heterocycloalkyl, 3- to 10-membered cycloalkyl 5 

substituted with one or more R2-1, or 4- to 10-membered heterocycloalkyl substituted with 

one or more R2-2; 

[0118] each R2-1 is independently halogen; 

[0119] each R2-2 is independently halogen; 

[0120] W is *-CONH-; X2 is H; and 10 

[0121] the compound represented by formula II satisfies one or two of the following 

conditions: 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl; and 

(2) B is 5-membered heteroaryl, 9- to 10-membered heteroaryl, or 9- to 10-membered 

heteroaryl substituted with one or more R3. 15 

[0122] In a certain embodiment, Rx is 6- to 9-membered bridged heterocycloalkyl, 7- to 

9-membered spiro heterocycloalkyl, 6- to 9-membered bridged heterocycloalkyl substituted 

with one or more Rx-2, or 7- to 9-membered spiro heterocycloalkyl substituted with one or 

more Rx-3, preferably 6- to 9-membered bridged heterocycloalkyl substituted with one or 

more Rx-2, 6- to 9-membered bridged heterocycloalkyl, or 7- to 9-membered spiro 20 

heterocycloalkyl, and more preferably 6- to 9-membered bridged heterocycloalkyl or 7- to 9-

membered spiro heterocycloalkyl. 

[0123] In a certain embodiment, each of Rx-1, Rx-2, Rx-3, and Rx-4 is independently halogen, 

C1-6 alkyl, or C1-6 alkyl substituted with one or more halogens, preferably halogen or C1-6 

alkyl, and more preferably C1-3 alkyl, F, Cl, or Br. 25 

[0124] In a certain embodiment, Rx is 6- to 9-membered bridged heterocycloalkyl, 7- to 

9-membered spiro heterocycloalkyl, 6- to 9-membered bridged heterocycloalkyl substituted 

with one or more Rx-2, or 7- to 9-membered spiro heterocycloalkyl substituted with one or 

more Rx-3; 
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[0125] each of Rx-1, Rx-2, Rx-3, and Rx-4 is independently halogen, C1-6 alkyl, or C1-6 alkyl 

substituted with one or more halogens, preferably halogen or C1-6 alkyl, and more preferably 

C1-3 alkyl, F, Cl, or Br. 

[0126] In a certain embodiment, Rx is 6- to 9-membered bridged heterocycloalkyl, 7- to 

9-membered spiro heterocycloalkyl, or 6- to 9-membered bridged heterocycloalkyl 5 

substituted with one or more Rx-2; 

[0127] each Rx-2 is independently C1-6 alkyl. 

[0128] In a certain embodiment, each of Rx-1, Rx-2, Rx-3, and Rx-4 is independently C1-6 

alkyl. 

[0129] In a certain embodiment, L is *-NHSO2-. 10 

[0130] In a certain embodiment, L is *-NHSO2- or -NH-. 

[0131] In a certain embodiment, R1-1 is C1-6 alkyl, 3- to 6-membered monocyclic 

cycloalkyl, 3- to 6-membered monocyclic cycloalkyl substituted with one or more Rb, or C1-

6 alkyl substituted with one or more Ra, preferably C1-3 alkyl, C1-3 alkyl substituted with one 

or more Ra, or 3- to 6-membered monocyclic cycloalkyl substituted with one or more Rb. In 15 

a certain embodiment, Ra is hydroxyl. 

[0132] In a certain embodiment, each Rb is independently C1-6 alkyl. 

[0133] In a certain embodiment, R1-1 is C1-6 alkyl, 3- to 6-membered monocyclic 

cycloalkyl substituted with one or more Rb, or C1-6 alkyl substituted with one or more Ra; 

[0134] Ra is hydroxyl; 20 

[0135] each Rb is independently C1-6 alkyl. 

[0136] In a certain embodiment, B is phenyl, naphthyl, 5-membered heteroaryl, 6-

membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered heterocycloalkenyl, 

naphthyl substituted with one or more R5, 6-membered heteroaryl substituted with one or 

more R2, 9- to 10-membered heteroaryl substituted with one or more R3, or 6-membered 25 

heterocycloalkenyl substituted with one or more R4, preferably 5-membered heteroaryl, 9- to 

10-membered heteroaryl, 6-membered heteroaryl substituted with one or more R2, or 9- to 

10-membered heteroaryl substituted with one or more R3, and more preferably 9- to 10-

membered heteroaryl or 9- to 10-membered heteroaryl substituted with one or more R3. 
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[0137] In a certain embodiment, B is 5-membered heteroaryl, 9- to 10-membered 

heteroaryl, 6-membered heteroaryl substituted with one or more R2, or 9- to 10-membered 

heteroaryl substituted with one or more R3. 

[0138] In a certain embodiment, in B, the 9- to 10-membered heteroaryl is 9-membered 

heteroaryl with 2 heteroatoms independently selected from 1 or 2 of N and O. 5 

[0139] In a certain embodiment, in B, the 9- to 10-membered heteroaryl is 9-membered 

heteroaryl with 3 heteroatoms of N. 

[0140] In a certain embodiment, in B, the 9- to 10-membered heteroaryl is 10-membered 

heteroaryl with 2 heteroatoms of N, and the heteroatoms are located on different rings. 

[0141] In a certain embodiment, when B is 6-membered heteroaryl substituted with one 10 

or more R2, Rx is 8- to 9-membered bridged heterocycloalkyl. 

[0142] In a certain embodiment, each of R2, R3, R4, R5, and R6 is independently halogen, 

oxo, or C1-6 alkyl, preferably C1-3 alkyl. 

[0143] In a certain embodiment, each of R2, R3, R4, R5, and R6 is independently halogen, 

C1-6 alkyl, or C1-6 alkyl substituted with one or more halogens. 15 

[0144] In a certain embodiment, each R2 is independently C1-6 alkyl. 

[0145] In a certain embodiment, each R3 is independently halogen, C1-6 alkyl, or C1-6 alkyl 

substituted with one or more halogens. 

[0146] In a certain embodiment, each R3 is independently halogen or C1-6 alkyl. 

[0147] In a certain embodiment, B is 9- to 10-membered heteroaryl, 6-membered 20 

heteroaryl substituted with one or more R2, or 9- to 10-membered heteroaryl substituted with 

one or more R3; 

[0148] each R2 is independently C1-6 alkyl; 

[0149] each R3 is independently halogen or C1-6 alkyl. 

[0150] In a certain embodiment, B is 5-membered heteroaryl, 9- to 10-membered 25 

heteroaryl, 6-membered heteroaryl substituted with one or more R2, or 9- to 10-membered 

heteroaryl substituted with one or more R3; 

[0151] each of R2 and R3 is independently halogen or C1-6 alkyl. 

[0152] In a certain embodiment, U is 3- to 10-membered cycloalkyl, 4- to 10-membered 
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heterocycloalkyl, 3- to 10-membered cycloalkyl substituted with one or more R2-1, or 4- to 

10-membered heterocycloalkyl substituted with one or more R2-2, preferably 4- to 9-

membered heterocycloalkyl, 3- to 8-membered cycloalkyl substituted with one or more R2-1, 

or 4- to 9-membered heterocycloalkyl substituted with one or more R2-2, and more preferably 

4- to 9-membered heterocycloalkyl or 4- to 9-membered heterocycloalkyl substituted with 5 

one or more R2-2. 

[0153] In a certain embodiment, in U, the 4- to 10-membered heterocycloalkyl is 4- to 6-

membered monocyclic heterocycloalkyl, 6- to 9-membered bridged heterocycloalkyl, or 7- 

to 9-membered spiro heterocycloalkyl. 

[0154] In a certain embodiment, each of R2-1, R2-2, and R2-3 is independently halogen, C1-10 

6 alkyl, hydroxyl, C1-6 alkoxy, or C1-6 alkyl substituted with one or more halogens, preferably 

halogen, and more preferably F, Cl, or Br. 

[0155] In a certain embodiment, U is 4- to 10-membered heterocycloalkyl or 4- to 10-

membered heterocycloalkyl substituted with one or more R2-2; 

[0156] each R2-2 is independently halogen. 15 

[0157] In a certain embodiment, U is 3- to 10-membered cycloalkyl, 4- to 10-membered 

heterocycloalkyl, 3- to 10-membered cycloalkyl substituted with one or more R2-1, or 4- to 

10-membered heterocycloalkyl substituted with one or more R2-2; 

[0158] each of R2-1 and R2-2 is independently halogen, C1-6 alkyl, hydroxyl, C1-6 alkoxy, or 

C1-6 alkyl substituted with one or more halogens, preferably F, Cl, or Br. 20 

[0159] In a certain embodiment, G is C(R10). 

[0160] In a certain embodiment, G is C(R10) or N; R10 is H. 

[0161] In a certain embodiment, R10 is H, halogen, C1-6 alkyl, or C1-6 alkyl substituted with 

one or more halogens, preferably H. 

[0162] In a certain embodiment, G is C(R10); R10 is H. 25 

[0163] In a certain embodiment, RW is H. 

[0164] In a certain embodiment, RW-1 is H. 

[0165] In a certain embodiment, W is *-CONRW-; X2 is RW-1; 

[0166] RW-1 is H or halogen, preferably H; 
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[0167] RW is H. 

[0168] In a certain embodiment, the compound represented by formula II satisfies 1 or 2 

of the following conditions: 

(a) Rx is 6- to 9-membered bridged heterocycloalkyl; and 

(b) B is 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered 5 

heterocycloalkenyl, 6-membered heterocycloalkenyl substituted with one or more R4, or 9- 

to 10-membered heteroaryl substituted with one or more R3, preferably 9- to 10-membered 

heteroaryl or 9- to 10-membered heteroaryl substituted with one or more R3. 

[0169] In a certain embodiment, in the compound represented by formula II, Rx is 6- to 9-

membered bridged heterocycloalkyl or 6- to 9-membered bridged heterocycloalkyl 10 

substituted with one or more Rx-2. 

[0170] In a certain embodiment, in the compound represented by formula II, B is 9- to 10-

membered heteroaryl or 9- to 10-membered heteroaryl substituted with one or more R3. 

 

[0171] In a certain embodiment, the nitrogen-containing compound represented by 15 

formula II is the following compound: 

; 

[0172] each V1 is independently C or N; 

[0173] V2 is N or C-R11, preferably N; 

[0174] D is partially saturated or unsaturated 5- to 6-membered carbocycle, or partially 20 

saturated or unsaturated 5- to 6-membered heterocycle, the 5- to 6-membered carbocycle or 

5- to 6-membered heterocycle being optionally substituted with 0, 1, 2, or 3 R11; in the “5- to 

6-membered heterocycle”, the heteroatom is N, O, or S, and the number of the heteroatom is 

independently 1, 2, 3, or 4; 

[0175] R11 is hydrogen, halogen, cyano, C1-6 alkyl, C1-6 alkoxy, or C1-6 alkyl substituted 25 
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with one or more halogens. 

[0176] In a certain embodiment, each “5- to 6-membered monocyclic heterocycloalkyl” is 

independently 5- to 6-membered heterocycloalkyl comprising 1 or 2 heteroatoms, preferably 

 or . 

[0177] In a certain embodiment, each “6- to 9-membered bridged heterocycloalkyl” is 5 

independently 6- to 9-membered bridged heterocycloalkyl comprising 1 or 2 heteroatoms, 

preferably selected from any one of the following fragments: 

, and more preferably , , , , or . 

[0178] In a certain embodiment, each “6- to 9-membered bridged heterocycloalkyl” is 10 

independently 6- to 9-membered bridged heterocycloalkyl comprising 1 or 2 heteroatoms, 

preferably any one of the following fragments: 

, and more preferably , , , , , , 

or . 15 
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[0179] In a certain embodiment, each “7- to 9-membered spiro heterocycloalkyl” is 

independently 7- to 9-membered spiro heterocycloalkyl comprising 1 or 2 heteroatoms, 

preferably any one of the following fragments: 

, and more preferably . 

[0180] In a certain embodiment, each “halogen” is independently fluorine, chlorine, 5 

bromine, or iodine, preferably fluorine. 

[0181] In a certain embodiment, each “C1-6 alkyl” is independently methyl, ethyl, n-

propyl, isopropyl, n-butyl, isobutyl, or tert-butyl, preferably methyl or ethyl. 

[0182] In a certain embodiment, in R1-1, the C1-6 alkyl is ethyl or isopropyl. 

[0183] In a certain embodiment, each “3- to 6-membered monocyclic cycloalkyl” is 10 

independently cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl, preferably cyclopropyl. 

[0184] In a certain embodiment, each “C1-6 alkoxy” is independently methoxy, ethoxy, n-

propoxy, isopropoxy, n-butoxy, isobutoxy, or tert-butoxy, preferably methoxy or ethoxy. 

[0185] In a certain embodiment, the “4- to 8-membered monocyclic heterocycloalkyl” is 

“4- to 8-membered monocyclic heterocycloalkyl” comprising one O atom, preferably 15 

. 

[0186] In a certain embodiment, each “5-membered heteroaryl” is independently 5-

membered heteroaryl with “heteroatoms selected from 1 or 2 of N and S”, preferably any one 

of the following fragments: 

 , 20 

and more preferably   (e.g.,   connected to U through the right 

dashed line). 

[0187] In a certain embodiment, each “6-membered heteroaryl” is independently any one 
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of the following fragments: 

 , 

preferably 

 

connected to U through the left dashed line, and more preferably  connected 5 

to U through the left dashed line. 

[0188] In a certain embodiment, each “9- to 10-membered heteroaryl” is independently 

any one of the following fragments: 

10 
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 , 

preferably 

5 
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  connected to U through the left dashed line, and more 

preferably        

  

  connected to U through the 

left dashed line. 5 

[0189] In a certain embodiment, each “9- to 10-membered heteroaryl” is independently 

any one of the following fragments: 

       10 
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, preferably 5 

       



 

26 
 

 

  

  connected to U through the left dashed line, 

and more preferably        

  5 

 

connected to U through the left dashed line. 

[0190] In a certain embodiment, each “6-membered heterocycloalkenyl” is independently 

6-membered heterocycloalkenyl with 1 or 2 heteroatoms of N, preferably any one of the 

following fragments: 10 

 , 

and more preferably   or   connected to U through the left 

dashed line. 
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[0191] In a certain embodiment, each “3- to 10-membered cycloalkyl” is independently 3- 

to 6-membered monocyclic cycloalkyl or 6- to 8-membered spiro cycloalkyl, preferably 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,  , or  , and more 

preferably . 

[0192] In a certain embodiment, each “4- to 10-membered heterocycloalkyl” is 5 

independently 4- to 6-membered monocyclic heterocycloalkyl, 6- to 8-membered spiro 

heterocycloalkyl, or 7- to 9-membered bridged heterocycloalkyl, preferably  , 

, , , or , and more preferably . 

[0193] In a certain embodiment, each “4- to 10-membered heterocycloalkyl” is 

independently 4- to 6-membered monocyclic heterocycloalkyl, 6- to 8-membered spiro 10 

heterocycloalkyl, or 7- to 9-membered bridged heterocycloalkyl, preferably  , 

, , , , , or , and more 

preferably , , , or . 

[0194] In a certain embodiment, the “6- to 10-membered aryl” is phenyl. 

[0195] In a certain embodiment, the “5- to 10-membered heteroaryl” is 5- to 6-membered 15 

heteroaryl with 1 or 2 heteroatoms of N, preferably . 

[0196] In a certain embodiment, when W is *-C(X1)NRW-, and X1, X2, and the C atoms 

therebetween together form 6-membered heteroaryl, in the “6-membered heteroaryl”, the 

heteroatom is N, and the number of the heteroatom is 1 or 2. 

[0197] In a certain embodiment, Rx is any one of the following fragments: 20 
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 or , preferably , , , , , , or . 

[0198] In a certain embodiment, Rx is any one of the following fragments: 

 5 

 , preferably  ,  ,  ,  ,  , 

, , , or . 

[0199] In a certain embodiment, R1 is any one of the following fragments: 
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  or  , preferably  ,  , 

 ,  ,  ,  ,  , 

, , , or . 5 

[0200] In a certain embodiment, B is any one of the following fragments (the left dashed 

line in the following fragments represents the bond connected to U): 
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 , preferably 

 ,  ,  ,  ,  ,  ,  , 

 ,  ,  ,  ,  ,  , 5 

 ,  ,  ,  ,  ,  , 
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, , or . 

[0201] In a certain embodiment, B is any one of the following fragments (the left dashed 

line in the following fragments represents the bond connected to U): 

 

           5 

  or  , preferably  , 



 

32 
 

 

 ,  ,  ,  ,  ,  , 

 ,  ,  ,  ,  , 

 ,  ,  ,  ,  ,  , 

 ,  ,  ,  ,  ,  , 

 ,  ,  ,  ,  , 5 

 ,  ,  ,  ,  , or 

. 

[0202] In a certain embodiment, U is selected from any one of the following fragments: 

 

 10 
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  and 

 , preferably  ,  ,  ,  ,  , 5 

, , or . 

[0203] In a certain embodiment, U is any one of the following fragments: 

 

 

 10 
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  or  , preferably  ,  ,  ,  , 

, , , , , or . 

 

 

 5 

 

 

 

 

[0204] The present disclosure further provides any one of the following nitrogen-10 

containing compounds: 
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5 
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 5 
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5 
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  . 

[0205] The present disclosure further provides a pharmaceutical composition, comprising: 

(1) the nitrogen-containing compound represented by formula I described above, the 5 

nitrogen-containing compound represented by formula II described above, the nitrogen-

containing compound described above, the pharmaceutically acceptable salt thereof 

(referring to the pharmaceutically acceptable salt of the nitrogen-containing compound 

represented by formula I described above, the nitrogen-containing compound represented by 

formula II described above, or the nitrogen-containing compound described above), the 10 

stereoisomer thereof (referring to the stereoisomer of the nitrogen-containing compound 

represented by formula I described above, the nitrogen-containing compound represented by 

formula II described above, or the nitrogen-containing compound described above), the 

tautomer thereof (referring to the tautomer of the nitrogen-containing compound represented 

by formula I described above, the nitrogen-containing compound represented by formula II 15 

described above, or the nitrogen-containing compound described above), the metabolite 

thereof (referring to the metabolite of the nitrogen-containing compound represented by 

formula I described above, the nitrogen-containing compound represented by formula II 

described above, or the nitrogen-containing compound described above), the prodrug thereof 

(referring to the prodrug of the nitrogen-containing compound represented by formula I 20 

described above, the nitrogen-containing compound represented by formula II described 

above, or the nitrogen-containing compound described above), the isotopically labeled 
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derivative thereof (referring to the isotopically labeled derivative of the nitrogen-containing 

compound represented by formula I described above, the nitrogen-containing compound 

represented by formula II described above, or the nitrogen-containing compound described 

above), the solvate thereof (referring to the solvate of the nitrogen-containing compound 

represented by formula I described above, the nitrogen-containing compound represented by 5 

formula II described above, or the nitrogen-containing compound described above), or the 

solvate of the pharmaceutically acceptable salt thereof (referring to the solvate of the 

pharmaceutically acceptable salt of the nitrogen-containing compound represented by 

formula I described above, the nitrogen-containing compound represented by formula II 

described above, or the nitrogen-containing compound described above); and 10 

(2) a pharmaceutically acceptable auxiliary material. 

[0206] The present disclosure further provides use of the nitrogen-containing compound 

represented by formula I described above, the nitrogen-containing compound represented by 

formula II described above, the nitrogen-containing compound described above, the 

pharmaceutically acceptable salt thereof (referring to the pharmaceutically acceptable salt of 15 

the nitrogen-containing compound represented by formula I described above, the nitrogen-

containing compound represented by formula II described above, or the nitrogen-containing 

compound described above), the stereoisomer thereof (referring to the stereoisomer of the 

nitrogen-containing compound represented by formula I described above, the nitrogen-

containing compound represented by formula II described above, or the nitrogen-containing 20 

compound described above), the tautomer thereof (referring to the tautomer of the nitrogen-

containing compound represented by formula I described above, the nitrogen-containing 

compound represented by formula II described above, or the nitrogen-containing compound 

described above), the metabolite thereof (referring to the metabolite of the nitrogen-

containing compound represented by formula I described above, the nitrogen-containing 25 

compound represented by formula II described above, or the nitrogen-containing compound 

described above), the prodrug thereof (referring to the prodrug of the nitrogen-containing 

compound represented by formula I described above, the nitrogen-containing compound 

represented by formula II described above, or the nitrogen-containing compound described 
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above), the isotopically labeled derivative thereof (referring to the isotopically labeled 

derivative of the nitrogen-containing compound represented by formula I described above, 

the nitrogen-containing compound represented by formula II described above, or the 

nitrogen-containing compound described above), the solvate thereof (referring to the solvate 

of the nitrogen-containing compound represented by formula I described above, the nitrogen-5 

containing compound represented by formula II described above, or the nitrogen-containing 

compound described above), or the solvate of the pharmaceutically acceptable salt thereof 

(referring to the solvate of the pharmaceutically acceptable salt of the nitrogen-containing 

compound represented by formula I described above, the nitrogen-containing compound 

represented by formula II described above, or the nitrogen-containing compound described 10 

above) in the preparation of a KIF18A inhibitor. 

[0207] The present disclosure further provides use of the nitrogen-containing compound 

represented by formula I described above, the nitrogen-containing compound represented by 

formula II described above, the nitrogen-containing compound described above, the 

pharmaceutically acceptable salt thereof (referring to the pharmaceutically acceptable salt of 15 

the nitrogen-containing compound represented by formula I described above, the nitrogen-

containing compound represented by formula II described above, or the nitrogen-containing 

compound described above), the stereoisomer thereof (referring to the stereoisomer of the 

nitrogen-containing compound represented by formula I described above, the nitrogen-

containing compound represented by formula II described above, or the nitrogen-containing 20 

compound described above), the tautomer thereof (referring to the tautomer of the nitrogen-

containing compound represented by formula I described above, the nitrogen-containing 

compound represented by formula II described above, or the nitrogen-containing compound 

described above), the metabolite thereof (referring to the metabolite of the nitrogen-

containing compound represented by formula I described above, the nitrogen-containing 25 

compound represented by formula II described above, or the nitrogen-containing compound 

described above), the prodrug thereof (referring to the prodrug of the nitrogen-containing 

compound represented by formula I described above, the nitrogen-containing compound 

represented by formula II described above, or the nitrogen-containing compound described 
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above), the isotopically labeled derivative thereof (referring to the isotopically labeled 

derivative of the nitrogen-containing compound represented by formula I described above, 

the nitrogen-containing compound represented by formula II described above, or the 

nitrogen-containing compound described above), the solvate thereof (referring to the solvate 

of the nitrogen-containing compound represented by formula I described above, the nitrogen-5 

containing compound represented by formula II described above, or the nitrogen-containing 

compound described above), or the solvate of the pharmaceutically acceptable salt thereof 

(referring to the solvate of the pharmaceutically acceptable salt of the nitrogen-containing 

compound represented by formula I described above, the nitrogen-containing compound 

represented by formula II described above, or the nitrogen-containing compound described 10 

above) in the preparation of a medicament, wherein the medicament is used for treating a 

disease related to the mechanism of action of a KIF18A protein, for example, a cancer, and 

for another example, a cancer related to the mechanism of action of the KIF18A protein. 

[0208] In a certain embodiment, the cancer is ovarian cancer, colon cancer, or ductal breast 

cancer. 15 

[0209] The present disclosure further provides use of the nitrogen-containing compound 

represented by formula I described above, the nitrogen-containing compound represented by 

formula II described above, the nitrogen-containing compound described above, the 

pharmaceutically acceptable salt thereof (referring to the pharmaceutically acceptable salt of 

the nitrogen-containing compound represented by formula I described above, the nitrogen-20 

containing compound represented by formula II described above, or the nitrogen-containing 

compound described above), the stereoisomer thereof (referring to the stereoisomer of the 

nitrogen-containing compound represented by formula I described above, the nitrogen-

containing compound represented by formula II described above, or the nitrogen-containing 

compound described above), the tautomer thereof (referring to the tautomer of the nitrogen-25 

containing compound represented by formula I described above, the nitrogen-containing 

compound represented by formula II described above, or the nitrogen-containing compound 

described above), the metabolite thereof (referring to the metabolite of the nitrogen-

containing compound represented by formula I described above, the nitrogen-containing 
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compound represented by formula II described above, or the nitrogen-containing compound 

described above), the prodrug thereof (referring to the prodrug of the nitrogen-containing 

compound represented by formula I described above, the nitrogen-containing compound 

represented by formula II described above, or the nitrogen-containing compound described 

above), the isotopically labeled derivative thereof (referring to the isotopically labeled 5 

derivative of the nitrogen-containing compound represented by formula I described above, 

the nitrogen-containing compound represented by formula II described above, or the 

nitrogen-containing compound described above), the solvate thereof (referring to the solvate 

of the nitrogen-containing compound represented by formula I described above, the nitrogen-

containing compound represented by formula II described above, or the nitrogen-containing 10 

compound described above), or the solvate of the pharmaceutically acceptable salt thereof 

(referring to the solvate of the pharmaceutically acceptable salt of the nitrogen-containing 

compound represented by formula I described above, the nitrogen-containing compound 

represented by formula II described above, or the nitrogen-containing compound described 

above) in the preparation of a medicament, wherein the medicament is used for treating a 15 

cancer. 

[0210] In a certain embodiment, the cancer is ovarian cancer, colon cancer, or ductal breast 

cancer. 

 

Terminology 20 

[0211] In the present disclosure, the term “pharmaceutically acceptable salt” refers to a 

salt obtained from the reaction of the compound with a pharmaceutically acceptable acid or 

base. When the compound contains a relatively acidic functional group, a base addition salt 

can be obtained by contacting the compound with a sufficient amount of a pharmaceutically 

acceptable base in a suitable inert solvent. When the compound contains a relatively basic 25 

functional group, an acid addition salt can be obtained by contacting the compound with a 

sufficient amount of a pharmaceutically acceptable acid in a suitable inert solvent. For more 

details, see Handbook of Pharmaceutical Salts: Properties, Selection, and Use (P. Heinrich 

Stahl, Camille G. Wermuth, 2011, 2nd Revised Edition). 
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[0212] In the present disclosure, “ ” in a structural fragment means that the structural 

fragment is connected to the rest of the molecule by this bond. For example,  

refers to cyclohexyl. 

[0213] In the present disclosure, the term “one or more” refers to 1, 2, 3, 4, 5, 6, 7, 8, 9, 

10, 11, 12, 13, 14, 15, 16, 17, or 18. 5 

[0214] In the present disclosure, the term “saturated” refers to a group that is fully 

saturated with hydrogen. 

[0215] In the present disclosure, the term “partially saturated” refers to a group that is 

partially saturated with hydrogen. 

[0216] In the present disclosure, the term “unsaturated” refers to an aromatic group. 10 

[0217] In the present disclosure, the term “halogen” refers to fluorine, chlorine, bromine, 

or iodine. 

[0218] In the present disclosure, the term “alkyl” refers to a linear or branched, saturated, 

monovalent hydrocarbon group with a specified number of carbon atoms (e.g., C1-C6). The 

alkyl includes, but is not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-15 

butyl, tert-butyl, n-pentyl, n-hexyl, and the like. 

[0219] In the present disclosure, the term “alkoxy” refers to the group RY-O-, where RY is 

as defined for the term “alkyl”. The alkoxy includes, but is not limited to: methoxy, ethoxy, 

n-propoxy, isopropoxy, and the like. 

[0220] In the present disclosure, the term “cycloalkyl” is monocyclic cycloalkyl, bridged 20 

cycloalkyl, or spiro cycloalkyl. 

[0221] In the present disclosure, the term “monocyclic cycloalkyl” refers to a cyclic, 

saturated, monovalent hydrocarbon group with a specified number of carbon atoms (e.g., C3-

C6), which is monocyclic. The monocyclic cycloalkyl includes, but is not limited to: , 

, , and the like. 25 
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[0222] In the present disclosure, the term “carbocycle” refers to a cyclic hydrocarbon 

group with a specified number of carbon atoms (e.g., C5-C6) that shares two atoms and one 

bond with the rest of the molecule, such as   (where “  ” represents the bond 

connected to the rest of the molecule). 

[0223] In the present disclosure, the term “heterocycle” refers to a cyclic group with a 5 

specified number of ring atoms (e.g., 5-6 members), a specified number of heteroatoms (e.g., 

1, 2, or 3) and a specified heteroatom type (one or more of N, O, and S) that shares two atoms 

and one bond with the rest of the molecule, such as  (where “ ” represents the 

bond connected to the rest of the molecule). 

[0224] In the present disclosure, the term “bridged cycloalkyl” refers to a cyclic, saturated, 10 

monovalent hydrocarbon group with a specified number of carbon atoms (e.g., C4-C10), 

which is polycyclic (e.g., bicyclic or tricyclic) with individual rings sharing two or more 

carbon atoms. The bridged cycloalkyl includes, but is not limited to: , , 

and the like. 

[0225] In the present disclosure, the term “spiro cycloalkyl” refers to a cyclic, saturated, 15 

monovalent hydrocarbon group with a specified number of carbon atoms (e.g., C5-C9), which 

is polycyclic (e.g., bicyclic or tricyclic) with individual rings sharing one carbon atom. The 

spiro cycloalkyl includes, but is not limited to: , , and the like. 

[0226] In the present disclosure, the term “heterocycloalkenyl” refers to a cyclic, partially 

unsaturated hydrocarbon group with a specified number of ring atoms (e.g., 5-10 members), 20 

a specified number of heteroatoms (e.g., 1, 2, or 3) and a specified heteroatom type (one or 

more of N, O, and S), which has one or more (e.g., 1, 2, or 3) carbon-carbon sp2 double bonds 

and is monocyclic and non-aromatic. The heterocycloalkenyl is connected to the rest of the 

molecule by a carbon atom or a heteroatom. The heterocycloalkenyl includes, but is not 
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limited to: , , and the like. 

[0227] In the present disclosure, the term “cycloalkenyl” refers to a cyclic, partially 

unsaturated hydrocarbon group with a specified number of carbon atoms (e.g., 5-6 members), 

which has one or more (e.g., 1, 2, or 3) carbon-carbon sp2 double bonds and is monocyclic 

and non-aromatic. The cycloalkenyl is connected to the rest of the molecule by a carbon atom. 5 

[0228] In the present disclosure, the term “heterocycloalkyl” is monocyclic 

heterocycloalkyl, bridged heterocycloalkyl, or spiro heterocycloalkyl. 

[0229] In the present disclosure, the term “monocyclic heterocycloalkyl” refers to a cyclic, 

saturated, monovalent group with a specified number of ring atoms (e.g., 3-10 members), a 

specified number of heteroatoms (e.g., 1, 2, or 3) and a specified heteroatom type (one or 10 

more of N, O, and S), which is monocyclic. The monocyclic heterocycloalkyl is connected 

to the rest of the molecule by a carbon atom or a heteroatom. The monocyclic 

heterocycloalkyl includes, but is not limited to:  ,  ,  , 

, and the like. 

[0230] In the present disclosure, the term “bridged heterocycloalkyl” refers to a cyclic, 15 

saturated, monovalent group with a specified number of ring atoms (e.g., 4-10 members), a 

specified number of heteroatoms (e.g., 1, 2, or 3) and a specified heteroatom type (one or 

more of N, O, and S), which is polycyclic (e.g., bicyclic or tricyclic) with individual rings 

sharing two or more carbon atoms and/or heteroatoms. The bridged heterocycloalkyl is 

connected to the rest of the molecule through a ring with or without a heteroatom; the bridged 20 

heterocycloalkyl group is connected to the rest of the molecule by a carbon atom or a 

heteroatom. The bridged heterocycloalkyl includes, but is not limited to: , , 
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, , and the like. 

[0231] In the present disclosure, the term “spiro heterocycloalkyl” refers to a cyclic, 

saturated, monovalent group with a specified number of ring atoms (e.g., 7-10 members), a 

specified number of heteroatoms (e.g., 1, 2, or 3) and a specified heteroatom type (one or 

more of N, O, and S), which is polycyclic (e.g., bicyclic or tricyclic) with individual rings 5 

sharing one carbon atom. The spiro heterocycloalkyl is connected to the rest of the molecule 

through a ring with or without a heteroatom; the spiro heterocycloalkyl group is connected 

to the rest of the molecule through a carbon atom or a heteroatom. The spiro heterocycloalkyl 

includes, but is not limited to: , , and the like. 

[0232] In the present disclosure, the term “heteroaryl” refers to a cyclic, unsaturated group 10 

with a specified number of ring atoms (e.g., 5-10 members), a specified number of 

heteroatoms (e.g., 1, 2, or 3) and a specified heteroatom type (one or more of N, O, and S), 

which is either monocyclic or polycyclic; when it is polycyclic, the individual rings share 

two atoms and one bond, and at least one of the rings is aromatic. The heteroaryl is connected 

to the rest of the molecule through a carbon atom or a heteroatom; the heteroaryl is connected 15 

to the rest of the molecule through a ring with or without a heteroatom; the heteroaryl is 

connected to the rest of the molecule through an aromatic ring or a non-aromatic ring. The 

heteroaryl includes, but is not limited to,  ,  ,  , 

 ,  ,  ,  ,  , 

 ,  ,  ,  ,  ,  , 20 
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, , , and the like. 

[0233] In the present disclosure, the term “aryl” refers to a cyclic, unsaturated hydrocarbon 

group with a specified number of carbon atoms (e.g., C6-C10), which is either monocyclic or 

polycyclic (e.g., bicyclic or tricyclic); when it is polycyclic, the individual rings share two 

atoms and one bond, and at least one of the rings is aromatic. The aryl is connected to the 5 

rest of the molecule through an aromatic ring or a non-aromatic ring. The aryl includes, but 

is not limited to: phenyl, naphthyl, and the like. 

[0234] In the present disclosure, the term “pharmaceutically acceptable auxiliary material” 

refers to all substances, other than the active pharmaceutical ingredient, contained in a 

pharmaceutical formulation, which are generally divided into two main categories: excipients 10 

and additives. For more details, see Pharmacopoeia of the People’s Republic of China (2020 

Edition) and Handbook of Pharmaceutical Excipients (Paul J Sheskey, Bruno C Hancock, 

Gary P Moss, David J Goldfarb, 2020, 9th Edition). 

[0235] In the present disclosure, the term “solvate” refers to a substance formed by 

association of a compound with a solvent (including, but not limited to: water, methanol, 15 

ethanol, and the like). Solvates are divided into stoichiometric solvates and non-

stoichiometric solvates. Solvates include, but are not limited to, monohydrates. 

[0236] In the present disclosure, the term “stereoisomer” refers to a cis-trans isomer or an 

optical isomer; the cis-trans isomer is an isomer caused by the inability of a double bond or 

a single bond of a ring-forming carbon atom to rotate freely, and the optical isomer is a 20 

stereoisomer having different optical rotation properties due to the absence of axial symmetry 

in the molecule. 

[0237] In the present disclosure, the term “isotopically labeled derivative” refers to a 

compound in which one or more atoms have an isotopic abundance that differs from their 

natural abundance. For example, one or more atoms in the compound are replaced by an atom 25 

with a lower natural abundance of mass number; for instance, one hydrogen atom in the 

compound is replaced by deuterium. For another example, compounds with the structure of 
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the present disclosure having “deuterium” or “tritium” in place of hydrogen, or 18F-fluorine 

labeling (18F isotope) in place of fluorine, or 11C-, 13C- or 14C-enriched carbon (11C-, 13C- or 

14C-carbon labeling; 11C-, 13C- or 14C-isotope) in place of a carbon atom are within the scope 

of the present disclosure. 

[0238] In the present disclosure, the term “prodrug” refers to any compound that can be 5 

converted in vivo to provide a bioactive substance (i.e., the compound represented by formula 

I). For example, a compound containing a carboxyl group can form a physiologically 

hydrolyzable ester, which acts as a prodrug by being hydrolyzed in vivo to yield the 

compound represented by formula I itself. The prodrug is preferably administered orally, as 

hydrolysis in many cases occurs primarily under the influence of digestive enzymes. When 10 

the ester itself is active or hydrolysis occurs in the blood, parenteral administration can be 

used. In addition, the prodrug can be converted to the compound of the present disclosure in 

vivo by chemical or biochemical methods. 

[0239] In the present disclosure, the term “tautomer” refers to a functional isomer resulting 

from the rapid movement of an atom between two positions within a molecule. 15 

[0240] In the present disclosure, the term “metabolite” refers to a substance produced or 

consumed in a metabolic process. 

[0241] The preferred conditions described above may be combined arbitrarily to give 

preferred embodiments of the present disclosure without departing from the general 

knowledge in the art. 20 

[0242] The reagents and starting materials used in the present disclosure are commercially 

available. 

[0243] The positive and progressive effect of the present disclosure is that the nitrogen-

containing compound of the present disclosure can effectively inhibit the overexpression of 

the KIF18A protein in some human tumor cells. 25 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0244] The present disclosure is further illustrated by the following examples; however, 

these examples are not intended to limit the present disclosure. Experimental procedures 
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without specified conditions in the following examples were conducted in accordance with 

conventional procedures and conditions, or in accordance with product instructions. 

[0245] Example 1: Preparation of Compound 1 

 

[0246] The synthetic route of compound 1 is as follows: 5 

 

[0247] The specific preparation method for compound 1 includes the following steps: 

[0248] Step 1: synthesis of compound 1B 

[0249] Compound 1A (2.0 g, 9.7 mmol) was dissolved in tert-butanol (20 mL), and then 

triethylamine (1.95 g, 19.4 mmol) and diphenylphosphoryl azide (4.0 g, 14.55 mmol) were 10 

sequentially added. After the addition was completed, the mixture was purged 3 times with 

nitrogen, and then heated to 80 °C and allowed to react for 16 h under a nitrogen atmosphere. 

After the reaction was completed as detected by TLC, the mixture was diluted with water (50 

mL) and extracted with ethyl acetate (30 mL × 3). The organic phases were combined, dried, 

and concentrated to dryness by rotary evaporation, and the residue was purified by silica gel 15 

column chromatography to give compound 1B (500 mg, white solid, yield: 18.5%). MS 
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(ESI): m/z 278.9 [M+1]+ 

[0250] Step 2: synthesis of compound 1C 

[0251] Compound 1B (200 mg, 0.72 mmol) was dissolved in a mixed solvent of 1,4-

dioxane (4 mL) and water (0.5 mL), and then 2-(4,4-difluorocyclohex-1-en-1-yl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (264 mg, 1.1 mmol), cesium carbonate (469 mg, 1.44 5 

mmol), and [1,1'-bis(diphenylphosphino)ferrocene]palladium dichloride dichloromethane 

complex (20 mg, 0.033 mmol) were sequentially added at room temperature. After the 

addition was completed, the reaction liquid was purged 3 times with nitrogen, and then heated 

to 90 °C and allowed to react for 16 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was cooled to room temperature, diluted 10 

with water (20 mL), and extracted with ethyl acetate (20 mL × 3). The organic phases were 

combined, dried, and concentrated to dryness by rotary evaporation, and the residue was 

purified by silica gel column chromatography to give compound 1C (200 mg, off-white solid, 

yield: 55.5%). MS (ESI): m/z 317.1 [M+1]+ 

[0252] Step 3: synthesis of compound 1D 15 

[0253] Compound 1C (200 mg, 0.63 mmol) was dissolved in methanol (5 mL), and then 

10% wet palladium on carbon (50 mg) was added. After the addition was completed, the 

reaction liquid was purged 3 times with hydrogen and then allowed to react at 15 Psi and 

50 °C for 4 h. After the reaction was completed as detected by TLC, the reaction liquid was 

cooled to room temperature and filtered. The filter cake was washed with methanol (5 mL), 20 

and the filtrate was concentrated to dryness by rotary evaporation to give compound 1D (200 

mg, pale yellow solid, yield: 99.4%). MS (ESI): m/z 263.1 [M-55]+ 

[0254] Step 4: synthesis of compound 1E 

[0255] Compound 1D (190 mg, 0.63 mmol) was dissolved in an 8% solution of 

hydrochloric acid in ethanol (2 mL), and the reaction liquid was purged 3 times with nitrogen 25 

and then allowed to react at 40 °C for 2 h. After the reaction was completed as detected by 

TLC, the reaction liquid was concentrated to remove the solvent to give compound 1E (100 

mg, yellow solid, yield: 76.7%). 

[0256] Step 5: synthesis of compound 1F 
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[0257] Compound 1E1 (141 mg, 0.46 mmol) was dissolved in dichloromethane (2 mL), 

and then oxalyl chloride (233 mg, 1.82 mmol) and N,N-dimethylformamide (0.5 drop) were 

sequentially added dropwise. After the addition was completed, the mixture was allowed to 

react at room temperature for 30 min. After the reaction was completed as detected by TLC, 

the mixture was concentrated, and toluene (2 mL), 4-dimethylaminopyridine (223 mg, 1.82 5 

mmol), and compound 1E (100 mg, 0.46 mmol) were added to the resulting residue. After 

the addition was completed, the reaction liquid was purged 3 times with nitrogen and allowed 

to react at 100 °C for 1 h. After the reaction was completed as detected by TLC, the reaction 

liquid was cooled to room temperature, diluted with water (15 mL), and extracted with ethyl 

acetate (10 mL × 3). The organic phases were combined, dried, and concentrated to dryness 10 

by rotary evaporation, and the residue was purified by a thin layer chromatography plate to 

give compound 1F (40 mg, yellow oil, yield: 17.1%). MS (ESI): m/z 510.1 [M+1]+ 

[0258] Step 6: synthesis of compound 1 

[0259] Compound 1F (40 mg, 0.08 mmol) and 2-hydroxyethane-1-sulfonamide (20 mg, 

0.16 mmol) were dissolved in N,N-dimethylformamide (0.5 mL), and then cuprous iodide 15 

(30 mg, 0.16 mmol), potassium phosphate (50 mg, 0.24 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (11 mg, 0.08 mmol) were sequentially added. After the 

addition was completed, the reaction liquid was heated to 120 °C and allowed to react for 4 

h. After the reaction was completed as detected by TLC, the reaction liquid was cooled to 

room temperature, diluted with water (20 mL), then extracted with ethyl acetate (20 mL × 3), 20 

dried, and concentrated to dryness by rotary evaporation, and the residue was purified by a 

TLC plate to give a crude product of the compound, which was then purified by preparative 

HPLC to give compound 1 (15 mg, pale yellow solid, yield: 18.5%). MS (ESI): m/z 555.2 

[M+1]+. 

[0260] 1H NMR (300 MHz, dmso) δ 13.49 (s, 1H), 10.15 (br.s, 1H), 8.03 (d, J = 8.6 Hz, 25 

1H), 7.52 (s, 1H), 7.26 (d, J = 1.9 Hz, 1H), 7.11 (dd, J = 8.6, 2.0 Hz, 1H), 4.93 (br.s, 1H), 

3.75 (t, J = 6.5 Hz, 2H), 3.33 (t, J = 6.6 Hz, 2H), 3.22 (ddd, J = 8.9, 4.2, 1.7 Hz, 1H), 2.95 (t, 

J = 5.0 Hz, 4H), 2.19 – 1.78 (m, 8H), 1.67 (s, 4H), 0.37 (s, 4H). 

[0261] Example 2: Preparation of Compound 2 
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[0262] The synthetic route of compound 2 is as follows: 

 

[0263] The specific preparation method for compound 2 includes the following steps: 

[0264] Step 1: synthesis of compound 2B 5 

[0265] Compound 2A (500 mg, 2.78 mmol) was dissolved in N-methylpyrrolidone (5 

mL), 4,4-difluoropiperidine hydrochloride (530 mg, 3.34 mmol), and N,N-

diisopropylethylamine (720 mg, 5.56 mmol) were added. After the addition was completed, 

the reaction liquid was purged 3 times with nitrogen and then allowed to react at 120 °C for 

16 h. After the reaction was completed as detected by TLC, the reaction liquid was diluted 10 

with water (50 mL) and then extracted with ethyl acetate (50 mL × 3). The organic phases 

were combined, dried, and concentrated to dryness by rotary evaporation, and the residue 

was purified by silica gel column chromatography to give compound 2B (700 mg, yellow oil, 

yield: 95.2%). MS (ESI): m/z 265.1 [M+1]+ 

[0266] Step 2: synthesis of compound 2C 15 

[0267] Compound 1E1 (117 mg, 0.38 mmol) was dissolved in dichloromethane (2 mL), 

and then oxalyl chloride (192 mg, 1.52 mmol) and N,N-dimethylformamide (1 drop) were 
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sequentially added dropwise. After the addition was completed, the mixture was allowed to 

react at room temperature for 30 min. Then, the solvent was removed, and toluene (2 mL), 

4-dimethylaminopyridine (184 mg, 1.52 mmol), and compound 2B (100 mg, 0.38 mmol) 

were added. After the addition was completed, the reaction liquid was purged 3 times with 

nitrogen and allowed to react at 100 °C for 1 h. After the reaction was completed as detected 5 

by TLC, the reaction liquid was cooled to room temperature, diluted with water (15 mL), and 

then extracted with ethyl acetate (10 mL × 3). The organic phases were combined, dried, and 

concentrated to dryness by rotary evaporation, and the residue was purified by a TLC plate 

to give compound 2C (50 mg, yellow solid, yield: 23.8%). MS (ESI): m/z556.1 [M+1]+ 

[0268] Step 3: synthesis of compound 2 10 

[0269] Compound 2C (50 mg, 0.09 mmol) and 2-hydroxyethane-1-sulfonamide (23 mg, 

0.18 mmol) were dissolved in N,N-dimethylformamide (0.5 mL), and then cuprous iodide 

(34 mg, 0.18 mmol), potassium phosphate (58 mg, 0.27 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (13 mg, 0.09 mmol) were sequentially added. After the 

addition was completed, the reaction liquid was heated to 120 °C and allowed to react for 4 15 

h. After the reaction was completed as detected by TLC, the reaction liquid was cooled to 

room temperature, diluted with water (10 mL), then extracted with ethyl acetate (30 mL × 3), 

dried, and concentrated to dryness by rotary evaporation, and the residue was purified by a 

TLC plate to give a crude product of the compound, which was then purified by preparative 

HPLC to give compound 2 (10 mg, pale yellow solid, yield: 18.5%). MS (ESI): m/z 601.2 20 

[M+1]+. 

[0270] 1H NMR (300 MHz, dmso) δ 12.04 (s, 1H), 10.10 (br.s, 1H), 8.12 (d, J = 8.2 Hz, 

1H), 7.79 – 7.64 (m, 2H), 7.47 (d, J = 8.3 Hz, 1H), 7.24 (t, J = 7.6 Hz, 1H), 7.11 – 6.96 (m, 

2H), 4.97 (br.s, 1H), 3.76 (t, J = 6.4 Hz, 6H), 3.34 (d, J = 6.5 Hz, 2H), 2.85 (s, 4H), 2.04 – 

1.79 (m, 4H), 1.28 (s, 4H), 0.21 (s, 4H). 25 

[0271] Example 3: Preparation of Compound 3 
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[0272] The synthetic route of compound 3 is as follows: 

 

[0273] The specific preparation method for compound 3 includes the following steps: 

[0274] Step 1: synthesis of compound 3B 5 

[0275] Compound 3A (500 mg, 1.17 mmol, synthesized according to the preparation 

method in WO2020132648A1) was dissolved in N,N-dimethylformamide (5 mL), and then 

compound 3A1 (344 mg, 2.34 mmol) and potassium carbonate (323 mg, 2.34 mmol) were 

added. After the addition was completed, the mixture was allowed to react at 120 °C for 16 

h. After the reaction was completed as detected by TLC, the mixture was diluted with water 10 

(30 mL) and then extracted with ethyl acetate (20 mL × 3). The organic phases were 

combined, washed with saturated brine (10 mL × 2), dried, and concentrated to dryness by 

rotary evaporation, and the residue was purified by thin layer chromatography to give 

compound 3B (350 mg, white solid, yield: 57.6%). MS (ESI): m/z 260.5 [M/2+1]+ 

[0276] Step 2: synthesis of compound 3 15 

[0277] 3B (143.0 mg, 0.3 mmol) was dissolved in N,N-dimethylformamide (3.0 mL), and 

then potassium phosphate (116.9 mg, 0.6 mmol), 2-hydroxyethane-1-sulfonamide (69.0 mg, 

0.6 mmol), (1R,2R)-(-)-N,N'-dimethyl-1,2-cyclohexanediamine (19.6 mg, 0.1 mmol), and 

cuprous iodide (52.5 mg, 0.3 mmol) were sequentially added. Then, the mixture was allowed 

to react at 120 °C for 3 h under a nitrogen atmosphere. After the reaction was completed as 20 

detected by TLC, the reaction liquid was diluted with saturated brine (20.0 mL) and extracted 

with ethyl acetate (20.0 mL × 3). The organic phases were combined, washed with saturated 

brine (4.0 mL × 2), dried over anhydrous sodium sulfate, and concentrated, and the resulting 
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residue was purified by thin layer chromatography to give compound 3 (21.3 mg, white solid, 

yield: 13.7%). MS (ESI): m/z 565.2 [M+1]+ 

[0278] 1H NMR (300 MHz, dmso) δ 11.02 (s, 1H), 10.08 (br.s, 1H), 7.73 (d, J = 8.5 Hz, 

1H), 7.45 (s, 1H), 7.19 (s, 1H), 7.00 (dd, J = 8.5, 1.9 Hz, 1H), 4.91 (br.s, 1H), 3.92 – 3.78 (m, 

4H), 3.73 (t, J = 6.5 Hz, 2H), 3.31 (t, J = 6.6 Hz, 2H), 2.93 (dd, J = 10.6, 3.1 Hz, 2H), 2.80 5 

(d, J = 10.4 Hz, 2H), 2.29 (s, 3H), 2.24 (s, 2H), 2.03 – 1.81 (m, 6H), 1.69 – 1.42 (m, 4H). 

[0279] Example 4: Preparation of Compound 4 

 

[0280] The synthetic route of compound 4 is as follows: 

 10 

[0281] The specific preparation method for compound 4 includes the following steps: 

[0282] Step 1: synthesis of compound 4B 

[0283] Compound 3A (500 mg, 1.17 mmol) was dissolved in N,N-dimethylformamide (5 

mL), and then compound 4A1 (344 mg, 2.34 mmol) and potassium carbonate (323 mg, 2.34 

mmol) were added. After the addition was completed, the mixture was allowed to react at 15 

120 °C for 16 h. After the reaction was completed as detected by TLC, the mixture was diluted 

with water (30 mL) and then extracted with ethyl acetate (20 mL × 3). The organic phases 

were combined, washed with saturated brine (10 mL × 2), dried, and concentrated to dryness 

by rotary evaporation, and the residue was purified by thin layer chromatography to give 

compound 4B (75 mg, white solid, yield: 12.7%). MS (ESI): m/z 253.5 [M/2+1]+ 20 

[0284] Step 2: synthesis of compound 4 

[0285] 4B (75.0 mg, 0.15 mmol) was dissolved in N,N-dimethylformamide (2.0 mL), and 

then potassium phosphate (58.4 mg, 0.3 mmol), 2-hydroxyethane-1-sulfonamide (34.5 mg, 
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0.3 mmol), (1R,2R)-(-)-N,N'-dimethyl-1,2-cyclohexanediamine (10.0 mg, 0.05 mmol), and 

cuprous iodide (27.0 mg, 0.15 mmol) were sequentially added. The mixture was allowed to 

react at 120 °C for 3 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with saturated brine (20.0 mL) and extracted 

with ethyl acetate (20.0 mL × 3). The organic phases were combined, washed with saturated 5 

brine (10.0 mL × 2), dried over anhydrous sodium sulfate, and concentrated, and the resulting 

residue was purified by a thin layer chromatography column to give a product, which was 

then purified by preparative HPLC to give compound 4 (28.0 mg, white solid, yield: 30%). 

MS (ESI): m/z 551.2 [M+1]+ 

[0286] 1H NMR (300 MHz, dmso) δ 11.58 (s, 1H), 10.03 (br.s, 1H), 7.65 (d, J = 7.5 Hz, 10 

1H), 7.37 (s, 1H), 7.15 (s, 1H), 6.91 (d, J = 8.8 Hz, 1H), 4.97 (br.s, 1H), 3.82 (s, 4H), 3.74 (t, 

J = 6.6 Hz, 2H), 3.39 (s, 4H), 3.31 (t, J = 6.6 Hz, 2H), 2.46-2.42 (m, 2H), 2.28 (s, 3H), 2.18 

– 2.04 (m, 2H), 1.94 (ddd, J = 20.2, 13.6, 6.3 Hz, 4H), 1.71 (d, J = 5.6 Hz, 2H). 

[0287] Example 5: Preparation of Compound 5 

 15 

[0288] The synthetic route of compound 5 is as follows: 

 

[0289] The specific preparation method for compound 5 includes the following steps: 

[0290] Step 1: synthesis of compound 5B 

[0291] Compound 3A (500 mg, 1.17 mmol) was dissolved in N,N-dimethylformamide (5 20 

mL), and then compound 5A1 (302 mg, 2.34 mmol) and potassium carbonate (323 mg, 2.34 

mmol) were added. The mixture was allowed to react at 120 °C for 16 h. After the reaction 

was completed as detected by TLC, the mixture was diluted with water (30 mL) and then 
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extracted with ethyl acetate (20 mL × 3). The organic phases were combined, washed with 

saturated brine (10 mL × 2), dried, and concentrated to dryness by rotary evaporation, and 

the residue was purified by thin layer chromatography to give compound 5B (130 mg, white 

solid, yield: 22.6%). MS (ESI): m/z 246.5 [M/2+1]+ 

[0292] Step 2: synthesis of compound 5 5 

[0293] Compound 5B (100 mg, 0.203 mmol) and 2-hydroxyethane-1-sulfonamide (38.12 

mg, 0.305 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 

(38.8 mg, 0.203 mmol), potassium phosphate (86.5 mg, 0.406 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (14.45 mg, 0.101 mmol) were sequentially added. After 

the addition was completed, the mixture was allowed to react at 120 °C for 4 h under a 10 

nitrogen atmosphere. After the reaction was completed as detected by TLC, the reaction 

liquid was cooled to room temperature, diluted with water (20 mL), then extracted with ethyl 

acetate (20 mL × 3), dried, and concentrated to dryness by rotary evaporation, and the residue 

was purified by thin layer chromatography to give compound 5 (5 mg, pale yellow solid, 

yield: 4.59%). MS (ESI): m/z 537.2 [M+1]+. 15 

[0294] 1H NMR (300 MHz, dmso) δ 10.91 (s, 1H), 10.03 (br.s, 1H), 7.67 (d, J = 8.5 Hz, 

1H), 7.35 (s, 1H), 6.92 (s, 1H), 6.85 (d, J = 8.3 Hz, 1H), 4.91 (br.s, 1H), 4.11 (d, J = 6.7 Hz, 

1H), 3.91 – 3.77 (m, 4H), 3.73 (t, J = 6.5 Hz, 2H), 3.28-3.26 (m, 1H), 3.09 (s, 2H), 2.90 – 

2.80 (m, 1H), 2.29 (s, 3H), 2.08 – 1.82 (m, 7H), 1.48 (d, J = 4.2 Hz, 2H). 

[0295] Example 6: Preparation of Compound 6 20 

 

[0296] The synthetic route of compound 6 is as follows: 
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[0297] The specific preparation method for compound 6 includes the following steps: 

[0298] Step 1: synthesis of compound 6B  

[0299] 6A (500.0 mg, 2.3 mmol) was dissolved in N,N-dimethylpyrrolidone (5.0 mL), and 

then N,N-diisopropylethylamine (1.4 g, 9.0 mmol) and 4,4-difluoropiperidine hydrochloride 5 

(722.2 mg, 4.6 mmol) were sequentially added. The mixture was allowed to react in a sealed 

container at 150 °C for 5 h. After the reaction liquid was cooled down, it was diluted with 

saturated brine (20.0 mL) and extracted with ethyl acetate (40.0 mL × 2). The organic phases 

were combined, washed with saturated brine (10.0 mL × 2), and dried over anhydrous sodium 

sulfate, and then the organic solution was concentrated to dryness by rotary evaporation. The 10 

resulting residue was purified by silica gel column chromatography and concentrated to 

dryness by rotary evaporation under reduced pressure to give 6B (452 mg, yellow solid, yield: 

76.3%). MS (ESI): m/z 264.1 [M+1]+ 

[0300] Step 2: synthesis of compound 6D 

[0301] Compound 6C (5.0 g, 22.8 mmol) was dissolved in methanol (50 mL), and then 15 

thionyl chloride (3.5 g, 29.6 mmol) was added dropwise to the reaction liquid at 0 °C. After 

the addition was completed, the reaction liquid was stirred at 60 °C for 5 h. After the reaction 

was completed as detected by TLC, the reaction liquid was concentrated under reduced 
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pressure to remove the solvent, and the residue was purified by silica gel column 

chromatography to give compound 6D (5.0 g, white solid, yield: 94.0%). MS (ESI): m/z 232.0 

[M+1]+ 

[0302] Step 3: synthesis of compound 6E 

[0303] Compound 6D (1.0 g, 4.29 mmol) was weighed out and added into a sealed 5 

container, and then N-methylpyrrolidone (10 mL), 6-aza-spiro[2.5]octane hydrochloride (760 

mg, 5.15 mmol), and N,N-diisopropylethylamine (1.7 g, 12.9 mmol) were added. After the 

addition was completed, the reaction liquid was heated to 120 °C and allowed to react for 16 

h. After the reaction was completed as detected by TLC, the reaction liquid was cooled to 

room temperature, diluted with water (100 mL), then extracted with ethyl acetate (80 mL × 10 

3), dried, and concentrated to dryness by rotary evaporation, and the residue was purified by 

silica gel column chromatography to give compound 6E (1.2 g, pale yellow oil, yield: 

86.3%). MS (ESI): m/z 324.1 [M+1]+, 326.1 [M+3]+ 

[0304] Step 4: synthesis of compound 1E1 

[0305] Compound 6E (1.2 g, 3.70 mmol) was dissolved in methanol (10 mL), water (10 15 

mL), and tetrahydrofuran (5 mL), and then lithium hydroxide monohydrate (156 mg, 3.70 

mmol) was added under an ice bath. After the addition was completed, the reaction liquid 

was allowed to react at room temperature for 16 h. After the reaction was completed as 

detected by TLC, methanol and tetrahydrofuran were removed, and 1 N hydrochloric acid 

was added to adjust the pH to 5-6. The mixture was then extracted with 20 

dichloromethane/methanol (10:1, 100 mL × 3), dried, and concentrated to dryness by rotary 

evaporation, and the residue was purified by silica gel column chromatography to give 

compound 1E1 (1.0 g, white solid, yield: 87.1%). MS (ESI): m/z 310.0 [M+1]+ 

[0306] Step 5: synthesis of compound 6G 

[0307] Compound 1E1 (50.0 mg, 0.2 mmol) was dissolved in anhydrous dichloromethane 25 

(2.0 mL), and then oxalyl chloride (50.0 mg, 0.4 mmol) was added at room temperature, 

followed by addition of half a drop of N,N-dimethylformamide. The mixture was allowed to 

react at 25 °C for 10 min. After the reaction was completed as detected by TLC, the mixture 

was concentrated to dryness by rotary evaporation, and the resulting residue was dissolved 
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in anhydrous tetrahydrofuran (2.0 mL). Then, a solution of N,N-dimethyl-4-aminopyridine 

(79.1 mg, 0.6 mmol) and compound 6B (42.5 mg, 0.2 mmol) in toluene (1.0 mL) was added. 

The reaction liquid was stirred at 100 °C for 1 h. After the reaction was completed as detected 

by TLC, the reaction liquid was diluted with saturated brine (20.0 mL) and extracted with 

ethyl acetate (20.0 mL × 2). The organic phases were combined, washed with saturated brine 5 

(10.0 mL × 2), dried over anhydrous sodium sulfate, and concentrated, and the resulting 

residue was purified by silica gel column chromatography and concentrated to dryness by 

rotary evaporation under reduced pressure to give compound 6G (63 mg, yellow solid, yield: 

70.3%). MS (ESI): m/z 555.2[M+1]+ 

[0308] Step 6: synthesis of compound 6 10 

[0309] Compound 6G (63.0 mg, 0.1 mmol) was dissolved in N,N-dimethylformamide (1.5 

mL), and then anhydrous potassium phosphate (48.3 mg, 0.2 mmol), 2-hydroxyethane-1-

sulfonamide (21.3 mg, 0.2 mmol), (1R,2R)-(-)-N,N'-dimethyl-1,2-cyclohexanediamine (8.1 

mg, 0.06 mmol), and cuprous iodide (21.7 mg, 0.1 mmol) were sequentially added. The 

mixture was allowed to react at 120 °C for 3 h under a nitrogen atmosphere. After the reaction 15 

was completed as detected by TLC, the reaction liquid was cooled to room temperature, 

diluted with water (20 mL), then extracted with ethyl acetate (20 mL × 3), dried, and 

concentrated to dryness by rotary evaporation, and the residue was purified by a TLC plate 

to give a crude product of the compound, which was then purified by preparative HPLC to 

give compound 6 (19.4 mg, white solid, yield: 28.5%). MS (ESI): m/z 600.2 [M+1]+ 20 

[0310] 1H NMR (300 MHz, dmso) δ 13.13 (s, 1H), 10.22 (br.s, 1H), 8.26 (s, 1H), 8.09 (d, 

J = 8.5 Hz, 1H), 8.05 (d, J = 8.5 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.65 (t, J = 7.5 Hz, 1H), 

7.45 (t, J = 7.6 Hz, 1H), 7.27 (d, J = 1.8 Hz, 1H), 7.13 (dd, J = 8.6, 1.9 Hz, 1H), 4.94 (br.s, 

1H), 3.75 (t, J = 6.5 Hz, 2H), 3.57 – 3.44 (m, 4H), 3.36 (d, J = 6.4 Hz, 2H), 3.00 (d, J = 3.6 

Hz, 4H), 2.27 (ddd, J = 19.7, 14.4, 5.5 Hz, 4H), 2.14 – 1.34 (m, 4H), 0.39 (s, 4H). 25 

[0311] Example 7: Preparation of Compound 7 
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[0312] The synthetic route of compound 7 is as follows: 

 

[0313] The specific preparation method for compound 7 includes the following steps: 

[0314] Step 1: synthesis of compound 7B 5 

[0315] Compound 7A (500 mg, 2.29 mmol) was dissolved in acetonitrile (10 mL), and 

then N,N-diisopropylethylamine (739.7 mg, 5.73 mmol) and compound 4,4-

difluoropiperidine hydrochloride (400 mg, 2.52 mmol) were sequentially added at room 

temperature. After the addition was completed, the reaction liquid was allowed to react at 

room temperature for 16 h. After the reaction was completed as detected by TLC, the reaction 10 

liquid was diluted with water (40 mL) and extracted with ethyl acetate (20 mL × 3), and the 

organic phases were combined and dried over anhydrous sodium sulfate to give compound 

7B (757 mg, white solid, yield: 108.9%). MS (ESI): m/z 304.1[M+1]+ 

[0316] Step 2: synthesis of compound 7C 

[0317] Compound 7B (300 mg, 0.99 mmol) was added to a solution of aqueous ammonia 15 

(6 mL), and the mixture was allowed to react in a sealed container at 160 °C for 4 h. After 
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the reaction was completed as detected by TLC, the reaction liquid was diluted with water 

(40 mL) and extracted with ethyl acetate (20 mL × 3). The organic phases were combined, 

dried over anhydrous sodium sulfate, and concentrated to dryness by rotary evaporation, and 

the residue was purified by silica gel column chromatography to give compound 7C (94 mg, 

white solid, yield: 33.4%). MS (ESI): m/z 285.1[M+1]+ 5 

[0318] Step 3: synthesis of compound 7D 

[0319] Compound 1E1 (80.5 mg, 0.26 mmol) was dissolved in dichloromethane (2 mL), 

and then oxalyl chloride (58 mg, 0.65 mmol) and N,N-dimethylformamide (0.5 drop) were 

sequentially added dropwise under an ice bath. After the addition was completed, the mixture 

was allowed to react at room temperature for 30 min. After the reaction was completed as 10 

detected by TLC, the mixture was concentrated to dryness by rotary evaporation, and then 

toluene (2 mL), 4-dimethylaminopyridine (127.3 mg, 1.04 mmol), and a solution of 

compound 7C (74 mg, 0.26 mmol) in toluene (2 mL) were sequentially added. After the 

addition was completed, the reaction liquid was allowed to react at 100 °C for 1 h under a 

nitrogen atmosphere. After the reaction was completed as detected by TLC, the reaction 15 

liquid was diluted with water (30 mL) and extracted with ethyl acetate (10 mL × 3). The 

organic phases were combined, dried, and concentrated to dryness by rotary evaporation, and 

the residue was purified by a thin layer chromatography plate to give compound 7D (55 mg, 

yellow solid, yield: 36.7%). MS (ESI): m/z 576.1 [M+1]+ 

[0320] Step 6: synthesis of compound 7 20 

[0321] Compound 7D (45 mg, 0.078 mmol) and 2-hydroxyethane-1-sulfonamide (14.7 

mg, 0.117 mmol) were dissolved in N,N-dimethylformamide (1 mL), and then cuprous iodide 

(15.0 mg, 0.078 mmol), potassium phosphate (33.2 mg, 0.156 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (5.6 mg, 0.039 mmol) were sequentially added. After the 

addition was completed, the reaction liquid was allowed to react at 120 °C for 2 h under a 25 

nitrogen atmosphere. After the reaction was completed as detected by TLC, the reaction 

liquid was diluted with water (20 mL) and extracted with ethyl acetate (10 mL × 3). The 

organic phases were combined, dried, and concentrated to dryness by rotary evaporation, and 

then the residue was purified by preparative HPLC to give compound 7 (2 mg, yellow solid, 
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yield: 4.1%). MS (ESI): m/z 621.2 [M+1]+ 

[0322] Example 8: Preparation of Compound 8 

 

[0323] The synthetic route of compound 8 is as follows: 

 5 

[0324] The specific preparation method for compound 8 includes the following steps: 

[0325] Step 1: synthesis of compound 8-B 

[0326] Compound 8-A (2.0 g, 7.27 mmol) was dissolved in N-methylpyrrolidone (50 mL), 

and then N,N-diisopropylethylamine (2.8 g, 21.9 mmol) and 4,4-difluoropiperidine 

hydrochloride (1.5 g, 9.4 mmol) were added. Then, the mixture was stirred at 100 °C for 3 h. 10 

After the reaction was completed as detected by TLC, the reaction liquid was cooled to room 

temperature, diluted with water (100 mL), and extracted with ethyl acetate (40 mL × 3). The 

organic phases were combined, washed with saturated brine (30 mL × 3), dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 

solvent, and the residue was purified by silica gel column chromatography to give compound 15 

8-B (2.0 g, yellow solid, yield: 87.1%). MS (ESI): m/z 317.0 [M+1]+ 
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[0327] Step 2: synthesis of compound 8-C 

[0328] Compound 8-B (860.0 mg, 2.72 mmol) was dissolved in dioxane (10.0 mL), and 

then tert-butyl carbamate (640.0 mg, 5.44 mmol), cesium carbonate (1.78 g, 5.44 mmol), 2-

dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (235.0 mg, 0.41 mmol), and palladium 

acetate (50.0 mg, 0.21 mmol) were added. Then, the mixture was allowed to react at 100 °C 5 

for 4 h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, 

the reaction liquid was cooled to room temperature, diluted with water (50.0 mL), and 

extracted with ethyl acetate (30.0 mL × 2). The organic phases were combined, washed with 

saturated brine (20.0 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by silica gel 10 

column chromatography and concentrated to dryness by rotary evaporation under reduced 

pressure to give compound 8-C (800 mg, brown solid, yield: 83.3%). MS (ESI): m/z 354.2 

[M+1]+ 

[0329] Step 3: synthesis of compound 8-D 

[0330] Compound 8-C (400.0 mg, 1.13 mmol) was dissolved in anhydrous 15 

dichloromethane (10.0 mL), and then 2,6-lutidine (364 mg, 3.4 mmol) and trimethylsilyl 

trifluoromethanesulfonate (755 mg, 3.4 mmol) were sequentially added at room temperature. 

Then, the mixture was stirred at room temperature for 1 h. After the reaction was completed 

as detected by TLC, the reaction liquid was diluted with ice water (40 mL) and extracted with 

dichloromethane (30 mL × 3). The organic phases were combined, washed with saturated 20 

brine (20.0 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent to give a crude product of compound 8-D (300 mg). 

MS (ESI): m/z 254.1 [M+1]+. 

[0331] 1H NMR (400 MHz, DMSO-d6) δ(ppm) 8.20 (s, 1H), 7.91 (d, J = 1.2 Hz, 1H), 7.58 

(d, J = 1.2 Hz, 1H), 4.35 (t, J = 8.0 Hz, 4H), 2.14 - 2.04 (m, 4H). 25 

[0332] Step 4: synthesis of compound 8-E 

[0333] Compound 1E1 (330.0 mg, 1.1 mmol) was dissolved in dichloromethane (10 mL), 

and then oxalyl chloride (415 mg, 3.3 mmol) and N,N-dimethylformamide (0.5 drop) were 

sequentially added dropwise under an ice bath. Then, the mixture was stirred at room 
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temperature for 30 min. After the reaction was completed as detected by TLC, the reaction 

liquid was concentrated to dryness by rotary evaporation, and then the residue was dissolved 

in anhydrous tetrahydrofuran (6 mL). A solution of compound 8-D (300 mg, 1.1 mmol) and 

N,N-diisopropylethylamine (426 mg, 3.3 mmol) in tetrahydrofuran (8 mL) was added at room 

temperature. Then, the mixture was stirred at 50 °C for 1 h under a nitrogen atmosphere. 5 

After the reaction was completed as detected by TLC, the reaction liquid was diluted with 

water (40 mL) and extracted with ethyl acetate (30 mL × 3). The organic phases were 

combined, washed with saturated brine (20.0 mL), dried over anhydrous sodium sulfate, 

filtered, and concentrated under reduced pressure to remove the solvent, and the residue was 

purified by a silica gel column to give compound 8-E (300 mg, bright yellow solid, yield: 10 

50.1%). MS (ESI): m/z 273.1 [M/2+1]+ 

[0334] Step 5: synthesis of compound 8 

[0335] Compound 8-E (100 mg, 0.18 mmol) and 2-hydroxyethane-1-sulfonic acid (46.3 

mg, 0.37 mmol) were dissolved in N,N-dimethylformamide (3 mL), and then cuprous iodide 

(35.0 mg, 0.18 mmol), potassium phosphate (78 mg, 0.37 mmol), and (1R,2R)-(-)-N,N'-15 

dimethyl-1,2-cyclohexanediamine (26 mg, 0.18 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 3 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (40 mL) and 

extracted with ethyl acetate (30 mL × 3). The organic phases were combined, washed with 

saturated brine (20.0 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 20 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 8 (60 mg, off-white solid). MS (ESI): m/z 590.2 [M+1]+. 

[0336] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 12.88 (s, 1H), 10.20 (br.s, 1H), 8.82 (s, 

1H), 8.10 – 8.02 (m, 2H), 7.54 (d, J = 1.0 Hz, 1H), 7.26 (d, J = 2.1 Hz, 1H), 7.12 (dd, J = 8.7, 

2.1 Hz, 1H), 4.99 (br.s, 1H), 4.51 - 4.35 (m, 4H), 3.74 (t, J = 6.5 Hz, 2H), 3.35 (t, J = 6.5 Hz, 25 

2H), 3.03 - 2.89 (m, 4H), 2.26 – 2.00 (m, 5H), 1.91 - 1.50 (m, 3H), 0.39 (s, 4H). 

[0337] Example 9: Preparation of Compound 9 
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[0338] The synthetic route of compound 9 is as follows: 

 

[0339] The preparation method for compound 9 specifically includes the following 

steps: 5 

[0340] Step 1: synthesis of compound 9-B 

[0341] Compound 6C (50 mg, 0.23 mmol) was dissolved in thionyl chloride (1 mL), and 

then the mixture was stirred at 80 °C for 2 h. After the reaction was completed as detected by 

TLC, the reaction liquid was concentrated under reduced pressure to remove the solvent to 

give a crude product of the intermediate. Compound 6B (60 mg, 0.23 mmol) and N,N-10 

diisopropylethylamine (0.16 mL, 0.91 mmol) were dissolved in tetrahydrofuran (1 mL), and 

then the solution of the intermediate in tetrahydrofuran (0.5 mL) was added dropwise to the 

above reaction liquid. Then, the mixture was stirred at 50 °C for 2 h. After the reaction was 

completed as detected by TLC, the reaction liquid was cooled to room temperature, diluted 

with water (10 mL), and then extracted with ethyl acetate (10 mL × 3). The organic phases 15 

were combined, washed with saturated brine (10 mL), dried over anhydrous sodium sulfate, 
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filtered, and concentrated under reduced pressure to remove the solvent, and the residue was 

purified by column chromatography to give compound 9-B (110 mg, yellow solid). MS (ESI): 

m/z 464.1 [M+1]+ 

[0342] Step 2: synthesis of compound 9-C 

[0343] Compound 9-B (110 mg, 0.24 mmol) was dissolved in N,N-dimethylformamide 5 

(1 mL), and then compound 3A1 (70 mg, 0.47 mmol) and potassium carbonate (66 mg, 0.47 

mmol) were added. Then, the mixture was stirred at 120 °C for 12 h. After the reaction was 

completed as detected by TLC, the reaction liquid was cooled to room temperature, diluted 

with water (10 mL), and then extracted with ethyl acetate (10 mL × 3). The organic phases 

were combined, washed with saturated brine (10 mL × 3), dried over anhydrous sodium 10 

sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and the 

residue was purified by column chromatography to give compound 9-C (80 mg, yellow solid, 

yield: 60%). MS (ESI): m/z 555.2 [M+1]+ 

[0344] Step 3: synthesis of compound 9 

[0345] Compound 9-C (80 mg, 0.14 mmol) and 2-hydroxyethane-1-sulfonamide (37 mg, 15 

0.28 mmol) were dissolved in anhydrous N,N-dimethylformamide (2 mL), and then cuprous 

iodide (3 mg, 0.01 mmol), potassium phosphate (61 mg, 0.28 mmol) and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (11 mg, 0.07 mmol) were added. The reaction liquid was 

purged three times with nitrogen and then stirred at 120 °C for 16 h. After the reaction was 

completed as detected by TLC, the reaction liquid was cooled to room temperature, diluted 20 

with water (10 mL), and then extracted with ethyl acetate (10 mL × 3). The organic phases 

were combined, washed with saturated brine (10 mL × 3), dried over anhydrous sodium 

sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and the 

residue was purified by column chromatography to give a crude product of the compound, 

which was then purified by prep-HPLC to give compound 9 (23 mg, pale yellow solid). MS 25 

(ESI): m/z 600.2 [M+1]+. 

[0346] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 10.73 (s, 1H), 10.05 (br.s, 1H), 8.32 (s, 

1H), 8.11 – 7.99 (m, 1H), 7.85 (d, J = 8.3 Hz, 1H), 7.72 (d, J = 8.5 Hz, 1H), 7.65 (ddd, J = 

8.1, 6.8, 1.2 Hz, 1H), 7.46 (ddd, J = 8.3, 6.8, 1.2 Hz, 1H), 7.16 (d, J = 2.1 Hz, 1H), 7.00 (dd, 



 

72 
 

 

J = 8.5, 2.0 Hz, 1H), 4.95 (br.s, 1H), 3.74 (t, J = 6.6 Hz, 2H), 3.51 - 3.40 (m, 4H), 3.31 – 3.26 

(m, 2H), 3.01 (dd, J = 10.7, 3.5 Hz, 2H), 2.80 (d, J = 10.6 Hz, 2H), 2.28 - 2.16 (m, 6H), 2.03 

- 1.92 (m, 2H), 1.63 - 1.44 (m, 4H). 

[0347] Example 10: Preparation of Compound 10 

 5 

[0348] Synthetic route: 

 

[0349] Preparation method: 

[0350] Step 1: synthesis of compound 10 

[0351] Compound 8-E (70 mg, 0.128 mmol) and methanesulfonamide (16 mg, 0.384 10 

mmol) were dissolved in N,N-dimethylformamide (1 mL), and then cuprous iodide (15 mg, 

0.077 mmol), potassium phosphate (77 mg, 0.371 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (15 mg, 0.110 mmol) were sequentially added. Then, the reaction liquid 

was purged three times with nitrogen and stirred at 100 °C for 16 h. After the reaction was 

completed as detected by LCMS, the reaction liquid was cooled to room temperature, diluted 15 

with water (10 mL), and then extracted with ethyl acetate (10 mL × 3). The organic phases 

were combined, washed with saturated brine (10 mL × 3), dried over anhydrous sodium 

sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and the 

residue was purified by preparative HPLC to give compound 10 (10 mg, off-white solid). 

MS (ESI): m/z 560.2 [M+1]+. 20 

[0352] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 12.88 (s, 1H), 10.24 (br.s, 1H), 8.83 (s, 

1H), 8.08 (dd, J = 4.9, 3.8 Hz, 2H), 7.54 (d, J = 1.1 Hz, 1H), 7.25 (d, J = 2.1 Hz, 1H), 7.13 



 

73 
 

 

(dd, J = 8.7, 2.1 Hz, 1H), 4.48 - 4.37 (m, 4H), 3.11 (s, 3H), 3.03 - 2.95 (m, 4H), 2.23 - 1.99 

(m, 5H), 1.88 - 1.59 (m, 3H), 0.39 (s, 4H). 

[0353] Example 11: Preparation of Compound 11 

 

[0354] Synthetic route: 5 

 

[0355] Preparation method: 

[0356] Step 1: synthesis of compound 11-B 

[0357] Compound 8-A (1.0 g, 3.61 mmol) was dissolved in N-methylpyrrolidone (10 

mL), and then N,N-diisopropylethylenediamine (1.4 g, 10.8 mmol) and morpholine (410 mg, 10 

4.69 mmol) were added. Then, the mixture was stirred at 100 °C for 4 h under a nitrogen 

atmosphere. After the reaction was completed as detected by TLC, the reaction liquid was 

cooled to room temperature, diluted with water (100 mL), and extracted with ethyl acetate 

(50 mL × 3). The organic phases were combined, washed with saturated brine (30 mL × 2), 

dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 15 

remove the solvent, and the residue was purified by silica gel column chromatography to give 

compound 11-B (1 g, yellow oil, yield: 97.8%). MS (ESI): m/z 283.0 [M+1]+ 

[0358] Step 2: synthesis of compound 11-C 

[0359] Compound 11-B (1.0 g, 3.53 mmol) was dissolved in dioxane (10 mL), and then 
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tert-butyl carbamate (833 mg, 7.06 mmol), 2-dicyclohexylphosphino-2',4',6'-

triisopropylbiphenyl (340 mg, 0.71 mmol), cesium carbonate (2.3 g, 7.06 mmol), palladium 

acetate (80 mg, 0.35 mmol) were added, and the mixture was stirred at 100 °C for 16 h under 

a nitrogen atmosphere. After the reaction was completed as detected by TLC, the reaction 

liquid was cooled to room temperature, diluted with water (100 mL), and extracted with ethyl 5 

acetate (50 mL × 2). The organic phases were combined, washed with saturated brine (30 mL 

× 2), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by silica gel column chromatography to 

give compound 11-C (1.0 g, yellow solid, yield: 88.7%). MS (ESI): m/z 320.2 [M+1]+ 

[0360] Step 3: synthesis of compound 11-D 10 

[0361] Compound 11-C (500 mg, 1.57 mmol) was dissolved in anhydrous 

dichloromethane (5.0 mL), and then 2,6-lutidine (504 mg, 4.71 mmol) and trimethylsilyl 

trifluoromethanesulfonate (1.1 g, 4.71 mmol) were sequentially added at room temperature. 

Then, the mixture was stirred at room temperature for 1 h. After the reaction was completed 

as detected by TLC, the reaction liquid was diluted with ice water (50 mL), adjusted to pH = 15 

7-8 with a saturated ammonium bicarbonate solution, and then extracted with 

dichloromethane (50 mL × 3). The organic phases were combined, washed with saturated 

brine (10 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent to give a crude product of compound 11-D (300 mg, 

yellow oil). MS (ESI): m/z 220.1 [M+1]+ 20 

[0362] Step 4: synthesis of compound 11-E 

[0363] Compound 1E1 (214 mg, 0.68 mmol) was dissolved in dichloromethane (5.0 mL), 

and then oxalyl chloride (263 mg, 2.04 mmol) was added dropwise. Then, the mixture was 

stirred at room temperature for 30 min. After the reaction was completed as detected by TLC, 

the reaction liquid was concentrated to dryness by rotary evaporation, and then the residue 25 

was dissolved in anhydrous tetrahydrofuran (10 mL). Compound 11-D (150 mg, 0.68 mmol) 

and N,N-diisopropylethylenediamine (268 mg, 2.04 mmol) were sequentially added at room 

temperature, and then the reaction liquid was stirred at 50 °C for 1 h. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (40 mL) and 
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extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 

saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 

column to give compound 11-E (110 mg, yellow solid, yield: 34.3%). MS (ESI): m/z 511.1 

[M+1]+ 5 

[0364] Step 5: synthesis of compound 11 

[0365] Compound 11-E (100 mg, 0.20 mmol) and 2-hydroxyethane-1-sulfonamide (30 

mg, 0.24 mmol) were dissolved in N,N-dimethylformamide (3 mL), and then cuprous iodide 

(4 mg, 0.02 mmol), potassium phosphate (84 mg, 0.40 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (6 mg, 0.04 mmol) were sequentially added. Then, the 10 

mixture was stirred at 120 °C for 3 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 15 

HPLC to give compound 11 (15 mg, yellow solid). MS (ESI): m/z 556.2 [M+1]+. 

[0366] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 12.95 (s, 1H), 10.19 (s, 1H), 8.79 (s, 1H), 

8.12 – 8.03 (m, 2H), 7.52 (d, J = 1.1 Hz, 1H), 7.27 (d, J = 2.1 Hz, 1H), 7.13 (dd, J = 8.6, 2.2 

Hz, 1H), 4.92 (s, 1H), 4.29 - 4.23 (m, 4H), 3.79 - 3.76 (m, 4H), 3.34 (t, J = 6.4 Hz, 2H), 3.16 

(t, J = 9.3, 4.4 Hz, 2H), 3.00 - 2.94 (m, 4H), 1.83 - 1.61 (m, 3H), 1.44 - 1.39 (m, 1H), 0.38 (s, 20 

4H). 

[0367] Example 12: Preparation of Compound 12 

 

[0368] Synthetic route: 
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[0369] Preparation method: 

[0370] Step 1: synthesis of compound 12-B 

[0371] Compound 8-A (500 mg, 1.81 mmol) was dissolved in N-methylpyrrolidone (30 

mL), and then N,N-diisopropylethylenediamine (938 mg, 13.0 mmol) and piperidine 5 

hydrochloride (308 mg, 3.62 mmol) were added. Then, the mixture was stirred at 100 °C for 

4 h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, the 

reaction liquid was cooled to room temperature, diluted with water (50 mL), and extracted 

with ethyl acetate (30 mL × 3). The organic phases were combined, washed with saturated 

brine (20 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated under 10 

reduced pressure to remove the solvent, and the residue was purified by silica gel column 

chromatography to give compound 12-B (400 mg, yellow oil, yield: 78.8%). MS (ESI): m/z 

281.0 [M+1]+ 

[0372] Step 2: synthesis of compound 12-C 

[0373] Compound 12-B (400 mg, 1.42 mmol) was dissolved in dioxane (5.0 mL), and 15 

then tert-butyl carbamate (336 mg, 2.84 mmol), 2-dicyclohexylphosphino-2',4',6'-

triisopropylbiphenyl (145 mg, 0.28 mmol), cesium carbonate (932 mg, 2.84 mmol), and 

palladium acetate (32 mg, 0.14 mmol) were added. Then, the mixture was stirred at 100 °C 

for 16 h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, 

the reaction liquid was cooled to room temperature, diluted with water (100 mL), and 20 

extracted with ethyl acetate (50.0 mL × 2). The organic phases were combined, washed with 
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saturated brine (30 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by silica gel 

column chromatography and concentrated to dryness by rotary evaporation under reduced 

pressure to give compound 12-C (200 mg, yellow solid, yield: 44.3%). MS (ESI): m/z 318.2 

[M+1]+ 5 

[0374] Step 3: synthesis of compound 12-D 

[0375] Compound 12-C (200.0 mg, 0.63 mmol) was dissolved in anhydrous 

dichloromethane (5.0 mL), and then 2,6-lutidine (203 mg, 1.89 mmol) and trimethylsilyl 

trifluoromethanesulfonate (420 mg, 1.89 mmol) were sequentially added at room 

temperature. Then, the mixture was stirred at room temperature for 1 h. After the reaction 10 

was completed as detected by TLC, the reaction liquid was diluted with ice water (20 mL), 

adjusted to pH = 7-8 with a saturated sodium bicarbonate solution, and then extracted with 

dichloromethane (20 mL × 3). The organic phases were combined, washed with saturated 

brine (10 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent to give a crude product of compound 12-D (150 mg, 15 

yellow oil). MS (ESI): m/z 218.1 [M+1]+ 

[0376] Step 4: synthesis of compound 12-E 

[0377] Compound 1E1 (214 mg, 0.69 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (263 mg, 2.07 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 20 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). Compound 12-D (150 

mg, 0.69 mmol) and N,N-diisopropylethylenediamine (268 mg, 2.07 mmol) were 

sequentially added at room temperature, and then the reaction liquid was stirred at 50 °C for 

1 h. After the reaction was completed as detected by TLC, the reaction liquid was diluted 25 

with water (40 mL) and extracted with ethyl acetate (15 mL × 3). The organic phases were 

combined, washed with saturated brine (10 mL), dried over anhydrous sodium sulfate, 

filtered, and concentrated under reduced pressure to remove the solvent, and the residue was 

purified by a silica gel column to give compound 12-E (110 mg, yellow solid, yield: 31.3%). 
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MS (ESI): m/z 509.2 [M+1]+ 

[0378] Step 5: synthesis of compound 12 

[0379] Compound 12-E (100 mg, 0.20 mmol) and 2-hydroxyethane-1-sulfonamide (30 

mg, 0.24 mmol) were dissolved in N,N-dimethylformamide (3 mL), and then cuprous iodide 

(4 mg, 0.02 mmol), potassium phosphate (84 mg, 0.40 mmol), and (1R,2R)-(-)-N,N'-5 

dimethyl-1,2-cyclohexanediamine (6 mg, 0.04 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 3 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 10 

reduced pressure to remove the solvent, and the residue was purified by preparative HPLC 

to give compound 12 (28 mg, off-white solid). MS (ESI): m/z 554.3 [M+1]+. 

[0380] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 12.80 (s, 1H), 10.15 (br.s, 1H), 8.72 (s, 

1H), 8.07 (d, J = 8.6 Hz, 1H), 8.00 (d, J = 1.1 Hz, 1H), 7.49 (d, J = 1.0 Hz, 1H), 7.27 (d, J = 

2.1 Hz, 1H), 7.12 (dd, J = 8.6, 2.1 Hz, 1H), 4.94 (br.s, 1H), 4.34 - 4.21 (m, 4H), 3.75 (t, J = 15 

6.5 Hz, 2H), 3.34 (t, J = 6.5 Hz, 2H), 3.02 - 2.93 (m, 4H), 1.83 - 1.58 (m, 10H), 0.38 (s, 4H). 

[0381] Example 13: Preparation of Compound 13 

 

[0382] Synthetic route: 

 20 

[0383] Preparation method: 
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[0384] Step 1: synthesis of compound 13 

[0385] Compound 8-E (70 mg, 0.128 mmol) and 1-methylcyclopropane-1-sulfonamide 

(23 mg, 0.384 mmol) were dissolved in N,N-dimethylformamide (1 mL), and then cuprous 

iodide (15 mg, 0.077 mmol), potassium phosphate (77 mg, 0.371 mmol), and (1R,2R)-(-)-

N,N'-dimethyl-1,2-cyclohexanediamine (15 mg, 0.110 mmol) were sequentially added. Then, 5 

the reaction liquid was purged three times with nitrogen and stirred at 100 °C for 16 h. After 

the reaction was completed as detected by LCMS, the reaction liquid was cooled to room 

temperature, diluted with water (10 mL), and then extracted with ethyl acetate (10 mL × 3). 

The organic phases were combined, washed with saturated brine (20 mL × 3), dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 10 

solvent, and the residue was purified by preparative HPLC to give compound 13 (25 mg, off-

white solid, 32.59%). MS (ESI): m/z 600.3 [M+1]+. 

[0386] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 12.92 (s, 1H), 10.25 (br.s, 1H), 8.84 (s, 

1H), 8.12 – 8.00 (m, 2H), 7.55 (d, J = 1.1 Hz, 1H), 7.36 (d, J = 2.1 Hz, 1H), 7.17 (dd, J = 8.6, 

2.1 Hz, 1H), 4.48 - 4.39 (m, 4H), 3.01 - 2.92 (m, 4H), 2.22 - 2.01 (m, 5H), 1.90 - 1.61 (m, 15 

3H), 1.40 (s, 3H), 1.25 - 1.17 (m, 2H), 0.88 – 0.79 (m, 2H), 0.41 (s, 4H). 

 

[0387] Example 14: Preparation of Compound 14 

 

[0388] Synthetic route: 20 

https://www.aladdin-e.com/zh_cn/n194494.html
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[0389] Preparation method: 

[0390] Step 1: synthesis of compound 14B 

[0391] Compound 14A (900 mg, 4.74 mmol) was dissolved in N-methylpyrrolidone (10 

mL), and then N,N-diisopropylethylenediamine (1.2 g, 9.48 mmol) and 4,4-5 

difluoropiperidine hydrochloride (900 mg, 5.69 mmol) were added. Then, the mixture was 

stirred at 120 °C for 16 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was cooled to room temperature, diluted with water (100 

mL), and extracted with ethyl acetate (80 mL × 3). The organic phases were combined, 

washed with saturated brine (50 mL × 3), dried over anhydrous sodium sulfate, filtered, and 10 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

silica gel column chromatography to give compound 14B (1.0 g, yellow solid, yield: 76.9%). 

MS (ESI): m/z 275.1 [M+1]+ 

[0392] Step 2: synthesis of compound 14C 

[0393] Compound 14B (1.0 g, 3.64 mmol) was dissolved in dioxane (10.0 mL), and then 15 

tert-butyl carbamate (854 mg, 7.28 mmol), 2-dicyclohexylphosphino-2',4',6'-

triisopropylbiphenyl (348 mg, 0.73 mmol), cesium carbonate (2.37 mg, 7.28 mmol), and 

palladium acetate (81 mg, 0.36 mmol) were added. Then, the mixture was allowed to react at 

100 °C for 16 h under a nitrogen atmosphere. After the reaction was completed as detected 

by TLC, the reaction liquid was cooled to room temperature, diluted with water (50 mL), and 20 

extracted with ethyl acetate (50 mL × 3). The organic phases were combined, washed with 
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saturated brine (30 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by silica gel 

column chromatography to give compound 14C (1.0 g, yellow solid, yield: 77.3%). MS 

(ESI): m/z 356.2 [M+1]+ 

[0394] Step 3: synthesis of compound 14D 5 

[0395] Compound 14C (100 mg, 0.28 mmol) was dissolved in a solution of hydrochloric 

acid in ethyl acetate (2 mL, 8%), and then the mixture was stirred at room temperature for 16 

h. After the reaction was completed as detected by TLC, the reaction liquid was concentrated 

under reduced pressure to remove the solvent to give a crude product of compound 14D (100 

mg). MS (ESI): m/z 256.1 [M+1]+ 10 

[0396] Step 4: synthesis of compound 14E 

[0397] Compound 1E1 (87 mg, 0.28 mmol) was dissolved in dichloromethane (2 mL), 

and then oxalyl chloride (90 mg, 0.70 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation. The 15 

residue was dissolved in anhydrous tetrahydrofuran (10 mL), and then compound 14D (72 

mg, 0.28 mmol) and N,N-diisopropylethylenediamine (146 mg, 1.12 mmol) were 

sequentially added at room temperature. Then, the mixture was stirred at 50 °C for 1 h. After 

the reaction was completed as detected by TLC, the reaction liquid was diluted with water 

(20 mL) and extracted with ethyl acetate (15 mL × 3). The organic phases were combined, 20 

washed with saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 14E (80 mg, yellow solid, yield: 51.8%). MS (ESI): 

m/z 547.1 [M+1]+ 

[0398] Step 5: synthesis of compound 14 25 

[0399] Compound 14E (70 mg, 0.13 mmol) and 2-hydroxyethane-1-sulfonamide (20 

mg, 0.16 mmol) were dissolved in N,N-dimethylformamide (1.5 mL), and then cuprous 

iodide (3 mg, 0.01 mmol), potassium phosphate (56 mg, 0.26 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (4 mg, 0.03 mmol) were sequentially added. Then, the 
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mixture was stirred at 120 °C for 3 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (8 mL × 3). The organic phases were combined, washed with 

saturated brine (5 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent to give compound 14 (14 mg, off-white solid). 5 

MS (ESI): m/z 592.2 [M+1]+. 

[0400] 1H NMR (300 MHz, DMSO-d6) δ 12.86 (s, 1H), 10.21 (br.s, 1H), 8.05 (d, J = 8.6 

Hz, 1H), 7.69 (s, 1H), 7.25 (d, J = 2.2 Hz, 1H), 7.11 (dd, J = 8.6, 2.1 Hz, 1H), 5.08 - 5.05 (m, 

2H), 4.98 - 4.89 (m, 3H), 3.75 (t, J = 6.5 Hz, 2H), 3.60 - 3.54 (m, 4H), 3.35 (t, J = 6.5 Hz, 

2H), 3.00 - 2.94 (m, 4H), 2.10 - 1.96 (m, 5H), 1.81 - 1.56 (m, 3H), 0.38 (s, 4H). 10 

[0401] Example 15: Preparation of Compound 15 

 

[0402] Synthetic route: 
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[0403] Preparation method: 

[0404] Step 1: synthesis of compound 15B 

[0405] Compound 15A (900 mg, 5.31 mmol) was dissolved in dichloromethane (10 mL), 

and then m-chloroperoxybenzoic acid (1.8 g, 10.6 mmol) was added. Then, the mixture was 

stirred at room temperature for 12 h. After the reaction was completed as detected by TLC, 5 

the reaction liquid was concentrated under reduced pressure to remove the solvent, and the 

residue was purified by silica gel column chromatography to give a crude product of 

compound 15B (1.15 g, yellow solid). MS (ESI): m/z 186.0 [M+1]+ 

[0406] Step 2: synthesis of compound 15C 

[0407] The crude product of compound 15B (1.15 g) was dissolved in phosphorus 10 

oxychloride (7 mL), and then the mixture was stirred at 115 °C for 12 h. After the reaction 

was completed as detected by TLC, the reaction liquid was concentrated under reduced 

pressure to remove the solvent, and the residue was dissolved in dichloromethane (50 mL), 

then adjusted to pH = 8 with a saturated sodium bicarbonate solution, and extracted with 

dichloromethane (30 mL × 3). The organic phases were combined, washed with saturated 15 

brine (20 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced 

pressure to remove the solvent, and the residue was purified by silica gel column 

chromatography to give compound 15C (350 mg, yellow solid). MS (ESI): m/z 203.9 [M+1]+ 

[0408] Step 3: synthesis of compound 15D 

[0409] Compound 15C (350 mg, 1.72 mmol) was dissolved in N-methylpyrrolidone (5 20 

mL), and then potassium carbonate (711 mg, 5.15 mmol) and 4,4-difluoropiperidine 

hydrochloride (406 mg, 2.57 mmol) were added. Then, the mixture was stirred at 120 °C for 

12 h. After the reaction was completed as detected by TLC, the reaction liquid was cooled to 

room temperature, then diluted with water (20 mL), and extracted with ethyl acetate (20 mL 

× 3). The organic phases were combined, washed with saturated brine (20 mL × 3), dried 25 

over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove 

the solvent, and the residue was purified by silica gel column chromatography to give 

compound 15D (380 mg, yellow liquid, yield: 76.5%). MS (ESI): m/z 289.0 [M+1]+ 

[0410] Step 4: synthesis of compound 15E 
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[0411] Compound 15D (350 mg, 1.21 mmol) was dissolved in dioxane (5.0 mL), and then 

tert-butyl carbamate (284 mg, 2.42 mmol), 2-dicyclohexylphosphino-2',4',6'-

triisopropylbiphenyl (116 mg, 0.24 mmol), cesium carbonate (792 mg, 2.42 mmol), and 

palladium acetate (27 mg, 0.12 mmol) were added. Then, the mixture was stirred at 110 °C 

for 16 h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, 5 

the reaction liquid was cooled to room temperature, diluted with water (20 mL), and extracted 

with ethyl acetate (30 mL × 2). The organic phases were combined, washed with saturated 

brine (20 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by silica gel column 

chromatography to give compound 15E (400 mg, yellow solid, yield: 89.3%). MS (ESI): 10 

m/z 370.1 [M+1]+ 

[0412] Step 5: synthesis of compound 15F 

[0413] Compound 15E (100 mg, 0.27 mmol) was dissolved in a solution of hydrochloric 

acid in ethyl acetate (2.0 mL, 8%), and the mixture was stirred at room temperature for 2 h. 

After the reaction was completed as detected by TLC, the mixture was concentrated under 15 

reduced pressure to remove the solvent to give a crude product of compound 15F (100 mg, 

yellow oil). MS (ESI): m/z 270.1 [M+1]+ 

[0414] Step 6: synthesis of compound 15G 

[0415] Compound 1E1 (84 mg, 0.27 mmol) was dissolved in dichloromethane (2.0 mL), 

and then oxalyl chloride (86 mg, 0.675 mmol) was added dropwise. Then, the mixture was 20 

stirred at room temperature for 30 min. After the reaction was completed as detected by TLC, 

the reaction liquid was concentrated to dryness by rotary evaporation, and the residue was 

dissolved in anhydrous tetrahydrofuran (5 mL). Compound 15F (73.0 mg, 0.27 mmol) and 

N,N-diisopropylethylenediamine (105 mg, 0.81 mmol) were sequentially added at room 

temperature, and then the mixture was stirred at 50 °C for 1 h. After the reaction was 25 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 

saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 
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column to give compound 15G (110 mg, yellow solid, yield: 72.3%). MS (ESI): m/z 561.1 

[M+1]+ 

[0416] Step 7: synthesis of compound 15 

[0417] Compound 15G (50.0 mg, 0.09 mmol) and 2-hydroxyethane-1-sulfonamide (14 

mg, 0.18 mmol) were dissolved in N,N-dimethylformamide (3 mL), and then cuprous iodide 5 

(2 mg, 0.01 mmol), potassium phosphate (38 mg, 0.18 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (2.5 mg, 0.02 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 3 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 10 

saturated brine (8 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by HPLC to give 

compound 15 (38 mg, yellow solid). MS (ESI): m/z 606.2 [M+1]+. 

[0418] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 12.91 (s, 1H), 10.20 (br.s, 1H), 8.29 (s, 

1H), 8.08 (d, J = 8.6 Hz, 1H), 8.00 (d, J = 5.4 Hz, 1H), 7.49 (d, J = 5.5 Hz, 1H), 7.26 (d, J = 15 

2.1 Hz, 1H), 7.12 (dd, J = 8.6, 2.1 Hz, 1H), 4.95 (br.s, 1H), 3.83 - 3.74 (m, 6H), 3.35 (t, J = 

6.4 Hz, 2H), 3.02 - 2.94 (m, 4H), 2.24 - 2.05 (m, 5H), 1.89 - 1.60 (m, 3H), 0.38 (s, 4H). 

[0419] Example 16: Preparation of Compound 16 

 

[0420] Synthetic route: 20 
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[0421] Preparation method: 

[0422] Step 1: synthesis of compound 16B 

[0423] Compound 16A (5.0 g, 25.1 mmol) was dissolved in methanol (25 mL), and then 

a potassium hydroxide solution (50 mL, 2 mol/L) was added. Then, the mixture was stirred 5 

at 70 °C for 2 h. After the reaction was completed as detected by TLC, the mixture was cooled 

to room temperature and concentrated under reduced pressure to remove the solvent, and the 

residue was purified by a silica gel column to give compound 16B (3.0 g, yellow solid, yield: 

70.5%). MS (ESI): m/z 170.0 [M+1]+ 

[0424] Step 2: synthesis of compound 16C 10 

[0425] Compound 16B (3.0 g, 17.7 mmol) was dissolved in phosphorus oxychloride (30 

mL), and then the mixture was stirred at 120 °C for 16 h. After the reaction was completed 

as detected by TLC, the mixture was cooled to room temperature and concentrated under 

reduced pressure to remove the solvent, and the residue was adjusted to pH = 8 with a 

saturated sodium bicarbonate solution and then extracted with ethyl acetate (50 mL × 3). The 15 

organic phases were combined, washed with saturated brine (30 mL), dried over anhydrous 

sodium sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and 

the residue was purified by a silica gel column to give compound 16C (3.0 g, yellow solid, 
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yield: 90.4%). MS (ESI): m/z 188.0 [M+1]+ 

[0426] Step 3: synthesis of compound 16D 

[0427] Compound 16C (3.0 g, 16.0 mmol) was dissolved in N-methylpyrrolidone (30 

mL), and then N,N-diisopropylethylamine (6.2 g, 48.0 mmol) and 4,4-difluoropiperidine 

hydrochloride (3.3 g, 20.8 mmol) were added. Then, the mixture was stirred at 100 °C for 3 5 

h. After the reaction was completed as detected by TLC, the reaction liquid was cooled to 

room temperature, poured into ice water (50 mL), and then extracted with ethyl acetate (50 

mL × 3). The organic phases were combined, washed with saturated brine (30 mL × 3), dried 

over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove 

the solvent, and the residue was purified by a silica gel column to give compound 16D (4.0 10 

g, yellow oil, yield: 91.8%). MS (ESI): m/z 273.1 [M+1]+ 

[0428] Step 4: synthesis of compound 16E 

[0429] Compound 16D (200 mg, 0.74 mmol) was dissolved in dioxane (3 mL), and then 

tert-butyl carbamate (130 mg, 1.11 mmol), cesium carbonate (479 mg, 1.48 mmol), 2-

dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (35 mg, 0.07 mmol), and 15 

tris(dibenzylideneacetone)dipalladium (34 mg, 0.04 mmol) were added. Then, the mixture 

was stirred at 100 °C for 4 h under a nitrogen atmosphere. After the reaction was completed 

as detected by TLC, the mixture was cooled to room temperature, poured into ice water (10 

mL), and extracted with ethyl acetate (10 mL × 3). The organic phases were combined, 

washed with saturated brine (15 mL), dried over anhydrous sodium sulfate, filtered, and 20 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 16E (150 mg, yellow oil, yield: 56.8%). MS (ESI): 

m/z 354.2 [M+1]+ 

[0430] Step 5: synthesis of compound 16F 

[0431] Compound 16E (700 mg, 1.98 mmol) was dissolved in a solution of hydrochloric 25 

acid in ethyl acetate (10 mL, 8%), and then the mixture was stirred at room temperature for 

2 h. After the reaction was completed as detected by TLC, the reaction liquid was diluted 

with water (50 mL), adjusted to pH = 8 by adding aqueous ammonia, and then extracted with 

ethyl acetate (30 mL × 3). The organic phases were combined, washed with saturated brine 
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(15 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced 

pressure to remove the solvent to give a crude product of compound 16F (400 mg, yellow 

solid). MS (ESI): m/z 254.1[M+1]+ 

[0432] Step 6: synthesis of compound 16G 

[0433] Compound 1E1 (487 mg, 1.58 mmol) was dissolved in dichloromethane (10 mL), 5 

and then oxalyl chloride (500 mg, 3.95 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated under reduced pressure to remove the 

solvent. The residue was dissolved in anhydrous tetrahydrofuran (10 mL), and then 

compound 16F (400 mg, 1.58 mmol) and N,N-diisopropylethylenediamine (609 mg, 4.74 10 

mmol) were sequentially added at room temperature. Then, the mixture was stirred at 50 °C 

for 1 h. After the reaction was completed as detected by TLC, the reaction liquid was diluted 

with water (40 mL) and extracted with ethyl acetate (20 mL × 3). The organic phases were 

combined, washed with saturated brine (15 mL), dried over anhydrous sodium sulfate, 

filtered, and concentrated under reduced pressure to remove the solvent, and the residue was 15 

purified by a silica gel column to give compound 16G (70 mg, yellow solid, yield: 8.1%). 

MS (ESI): m/z 545.1 547.1 [M+1]+ 

[0434] Step 7: synthesis of compound 16 

[0435] Compound 16G (70 mg, 0.13 mmol) and 2-hydroxyethane-1-sulfonamide (20 

mg, 0.16 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 20 

(3 mg, 0.01 mmol), potassium phosphate (56 mg, 0.26 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (4 mg, 0.03 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (8 mL × 3). The organic phases were combined, washed with 25 

saturated brine (8 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by HPLC to give 

compound 16 (7 mg, yellow solid). MS (ESI): m/z 590.2 [M+1]+. 

[0436] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 13.30 (s, 1H), 10.24 (br.s, 1H), 8.16 – 7.74 
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(m, 3H), 7.67 – 7.48 (m, 1H), 7.26 (s, 1H), 7.12 (d, J = 8.6 Hz, 1H), 5.05 (br.s, 1H), 3.75 (t, 

J = 6.5 Hz, 2H), 3.61 - 3.54 (m, 4H), 3.34 (t, J = 6.5 Hz, 2H), 3.00 - 2.93 (m, 4H), 2.33 - 2.16 

(m, 5H), 1.85 - 1.60 (m, 3H), 0.38 (s, 4H). 

[0437] Example 17: Preparation of Compound 17 

 5 

[0438] Synthetic route: 

 

[0439] Preparation method: 

[0440] Step 1: synthesis of compound 17B 

[0441] 2-Fluoro-4-bromobenzoic acid (173 mg, 0.79 mmol) was dissolved in thionyl 10 

chloride (5 mL), and the mixture was stirred at 80 °C for 2 h. After the reaction was completed 

as detected by TLC, the reaction liquid was concentrated under reduced pressure to remove 

the solvent. The residue was dissolved in anhydrous tetrahydrofuran (2 mL), and then 

compound 8-D (200 mg, 0.79 mmol) and N,N-diisopropylethylenediamine (408 mg, 3.16 

mmol) were sequentially added at room temperature. Then, the mixture was stirred at 50 °C 15 

for 2 h. After the reaction was completed as detected by TLC, the reaction liquid was diluted 

with water (40 mL) and extracted with ethyl acetate (15 mL × 3). The organic phases were 

combined, washed with saturated brine (10 mL), dried over anhydrous sodium sulfate, 

filtered, and concentrated under reduced pressure to remove the solvent, and the residue was 
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purified by a silica gel column (petroleum ether/ethyl acetate = 1/0 to 3/1 (volume ratio)) to 

give compound 17B (110 mg, yellow solid, yield: 30.7%). MS (ESI): m/z 454.0 [M+1]+ 

[0442] Step 2: synthesis of compound 17C 

[0443] Compound 17B (100 mg, 0.22 mmol) was dissolved in N,N-dimethylformamide 

(2 mL), and then 3-azabicyclo[3.2.1]octane hydrochloride (38 mg, 0.26 mmol) and 5 

potassium carbonate (60 mg, 0.44 mmol) were added. Then, the mixture was stirred at 120 °C 

for 16 h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, 

the reaction liquid was diluted with water (20 mL) and extracted with ethyl acetate (15 mL × 

3). The organic phases were combined, washed with saturated brine (15 mL × 3), dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 10 

solvent, and the residue was purified by a silica gel column to give compound 17C (70 mg, 

yellow solid, yield: 66.2%). MS (ESI): m/z 545.1 [M+1]+ 

[0444] Step 3: synthesis of compound 17 

[0445] Compound 17C (70 mg, 0.13 mmol) and 2-hydroxyethane-1-sulfonamide (20 

mg, 0.16 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 15 

(3 mg, 0.01 mmol), potassium phosphate (56 mg, 0.26 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (4 mg, 0.03 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (8 mL × 3). The organic phases were combined, washed with 20 

saturated brine (8 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by HPLC to give 

compound 17 (16 mg, yellow solid). MS (ESI): m/z 590.2 [M+1]+. 

[0446] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 10.54 (s, 1H), 10.04 (br.s, 1H), 8.89 (s, 

1H), 8.09 (d, J = 1.1 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.55 (d, J = 1.1 Hz, 1H), 7.16 (d, J = 25 

2.1 Hz, 1H), 7.00 (dd, J = 8.5, 2.0 Hz, 1H), 4.95 (br.s, 1H), 4.44 - 4.36 (m, 4H), 3.75 (t, J = 

6.6 Hz, 2H), 3.31 (t, J = 6.6 Hz, 2H), 3.06 – 2.95 (m, 2H), 2.80 (d, J = 10.5 Hz, 2H), 2.29 - 

2.21 (m, 2H), 2.14 – 1.95 (m, 6H), 1.63 – 1.47 (m, 4H). 

[0447] Example 18: Preparation of Compound 18 
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[0448] Synthetic route: 

 

[0449] Preparation method: 

[0450] Step 1: synthesis of compound 18B 5 

[0451] Compound 18A (5 g, 25.9 mmol) was dissolved in isopropanol (50 mL), and then 

sodium carbonate (6.84 g, 64.8 mmol) and 4,4-difluoropiperidine hydrochloride (4.09 g, 

25.9 mmol) were sequentially added under an ice bath. Then, the mixture was stirred at room 

temperature for 12 h. After the reaction was completed as detected by TLC, the reaction liquid 

was diluted with water (50 mL) and then extracted with ethyl acetate (100 mL × 3). The 10 

organic phases were combined, washed with saturated brine (50 mL), dried over anhydrous 

sodium sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and 

the residue was purified by a silica gel column (petroleum ether/ethyl acetate = 1/0 to 5/1 

(volume ratio)) to give compound 18B (4.4 g, yellow solid, yield: 61.2%). MS (ESI): m/z 
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278.0 [M+1]+ 

[0452] Step 2: synthesis of compound 18C 

[0453] Compound 18B (4.4 g, 15.8 mmol) was dissolved in anhydrous tetrahydrofuran 

(50 mL), and then a vinylmagnesium bromide solution (55.3 mL, 55.3 mmol) was added 

dropwise to the reaction liquid at -70 °C under a nitrogen atmosphere. Then, the mixture was 5 

naturally warmed to room temperature over one hour. After the reaction was completed as 

detected by TLC, the reaction liquid was slowly poured into saturated ammonium chloride 

(100 mL) under an ice bath and then extracted with ethyl acetate (100 mL × 3). The organic 

phases were combined, washed with saturated brine (50 mL), dried over anhydrous sodium 

sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and the 10 

residue was purified by a silica gel column to give compound 18C (1.9 g, yellow oil, yield: 

44.3%). MS (ESI): m/z 272.1 [M+1]+ 

[0454] Step 3: synthesis of compound 18D 

[0455] Compound 18C (1.9 g, 7.0 mmol) was dissolved in anhydrous tetrahydrofuran (50 

mL), and then sodium hydride (420 mg, 10.5 mmol) was added under an ice bath. The 15 

mixture was stirred for 10 min under the ice bath. Subsequently, iodomethane (1.19 g, 8.4 

mmol) was added dropwise to the reaction liquid under the ice bath, and then the mixture 

was stirred at room temperature for 1 h. After the reaction was completed as detected by TLC, 

the reaction liquid was slowly poured into saturated ammonium chloride (100 mL) under an 

ice bath and then extracted with ethyl acetate (50 mL × 3). The organic phases were 20 

combined, washed with saturated brine (30 mL × 3), dried over anhydrous sodium sulfate, 

filtered, and concentrated under reduced pressure to remove the solvent, and the residue was 

purified by a silica gel column to give compound 18D (1.2 g, yellow oil, yield: 60%). MS 

(ESI): m/z 286.1 [M+1]+ 

[0456] Step 4: synthesis of compound 18E 25 

[0457] Compound 18D (1.15 g, 4.0 mmol) was dissolved in anhydrous dioxane (50 mL), 

and then tert-butyl carbamate (707 mg, 6.0 mmol), cesium carbonate (2.62 g, 8.0 mmol), 

2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (192 mg, 0.4 mmol), and 

tris(dibenzylideneacetone)dipalladium (184 mg, 0.2 mmol) were added. Then, the mixture 
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was stirred at 100 °C for 4 h under a nitrogen atmosphere. After the reaction was completed 

as detected by TLC, the mixture was cooled to room temperature, diluted with water (30 mL), 

and extracted with ethyl acetate (50 mL × 3). The organic phases were combined, washed 

with saturated brine (40 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 5 

column to give compound 18E (1.2 g, yellow oil, yield: 81.9%). MS (ESI): m/z 367.2 [M+1]+ 

[0458] Step 5: synthesis of compound 18F 

[0459] Compound 18E (500 mg, 1.36 mmol) was dissolved in a solution of hydrochloric 

acid in ethyl acetate (10 mL, 8%), and then the mixture was stirred at room temperature for 

2 h. After the reaction was completed as detected by TLC, the reaction liquid was diluted 10 

with water (50 mL), and then aqueous ammonia was added until pH = 8. Then, the mixture 

was extracted with ethyl acetate (30 mL × 3). The organic phases were combined, washed 

with saturated brine (20 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent to give a crude product of compound 18F (400 

mg, yellow solid). MS (ESI): m/z 267.1 [M+1]+ 15 

[0460] Step 6: synthesis of compound 18G 

[0461] Compound 1E1 (468 mg, 1.50 mmol) was dissolved in dichloromethane (10 mL), 

and then oxalyl chloride (477 mg, 3.75 mmol) was added dropwise under an ice bath. The 

mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated under reduced pressure to remove the 20 

solvent. The residue was dissolved in anhydrous tetrahydrofuran (10 mL), and then 

compound 18F (400 mg, 1.50 mmol) and N,N-diisopropylethylenediamine (582 mg, 4.50 

mmol) were sequentially added at room temperature. Then, the mixture was stirred at 50 °C 

for 1 h. After the reaction was completed as detected by TLC, the reaction liquid was diluted 

with water (40 mL) and extracted with ethyl acetate (20 mL × 3). The organic phases were 25 

combined, washed with saturated brine (20 mL), dried over anhydrous sodium sulfate, 

filtered, and concentrated under reduced pressure to remove the solvent, and the residue was 

purified by a silica gel column to give compound 18G (500 mg, yellow solid, yield: 59.6%). 

MS (ESI): m/z 558.2 [M+1]+ 
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[0462] Step 7: synthesis of compound 18 

[0463] Compound 18G (100 mg, 0.18 mmol) and 2-hydroxyethane-1-sulfonamide (27 

mg, 0.22 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 

(3 mg, 0.02 mmol), potassium phosphate (76 mg, 0.39 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the 5 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (10 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by HPLC to give 10 

compound 18 (7 mg, pale yellow solid). MS (ESI): m/z 603.3 [M+1]+. 

[0464] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 12.87 (s, 1H), 10.14 (br.s, 1H), 8.14 (s, 

1H), 8.07 (d, J = 8.6 Hz, 1H), 7.44 (d, J = 3.0 Hz, 1H), 7.24 (d, J = 2.1 Hz, 1H), 7.10 (dd, J 

= 8.6, 2.1 Hz, 1H), 6.45 (d, J = 3.0 Hz, 1H), 4.94 (br.s, 1H), 4.03 (s, 3H), 3.74 (t, J = 6.5 Hz, 

2H), 3.34 (t, J = 6.5 Hz, 2H), 3.29 – 3.24 (m, 4H), 3.00 - 2.93 (m, 4H), 2.31 – 2.13 (m, 5H), 15 

1.94 - 1.51 (m, 3H), 0.37 (s, 4H). 

[0465] Example 19: Preparation of Compound 19 

 

[0466] Synthetic route: 

 20 

[0467] Preparation method: 

[0468] Step 1: synthesis of compound 19 

[0469] Compound 17C (70 mg, 0.13 mmol) and methanesulfonamide (15 mg, 0.38 
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mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide (3 mg, 

0.01 mmol), potassium phosphate (55 mg, 0.26 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (4 mg, 0.03 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 16 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (20 mL) and extracted with ethyl 5 

acetate (10 mL × 3). The organic phases were combined, washed with saturated brine (8 mL), 

dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 

remove the solvent, and the residue was purified by HPLC to give compound 19 (16 mg, 

pale yellow solid). MS (ESI): m/z 280.7 [1/2M+1]+. 

[0470] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 10.53 (s, 1H), 10.10 (br.s, 1H), 8.89 (s, 10 

1H), 8.09 (s, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.55 (s, 1H), 7.15 (d, J = 2.1 Hz, 1H), 7.01 (dd, J 

= 8.5, 2.0 Hz, 1H), 4.44 - 4.34 (m, 4H), 3.07 (s, 3H), 3.05 - 2.95 (m, 2H), 2.86 - 2.77 (m, 2H), 

2.28 - 2.21 (m, 2H), 2.17 - 1.95 (m, 6H), 1.66 - 1.44 (m, 4H). 

[0471] Example 20: Preparation of Compound 20 

 15 

[0472] Synthetic route: 
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[0473] Preparation method: 

[0474] Step 1: synthesis of compound 20B 

[0475] Methyl 2-fluoro-4-bromobenzoate (1.6 g, 6.87 mmol) was dissolved in N,N-

dimethylformamide (10 mL), and then 6,6-dimethyl-3-azabicyclo[3.1.0]hexane (940 mg, 

8.24 mmol) and potassium carbonate (2.0 g, 13.7 mmol) were added. Then, the mixture was 5 

stirred at 120 °C for 16 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was cooled to room temperature, diluted with water (80 

mL), and then extracted with ethyl acetate (50 mL × 3). The organic phases were combined, 

washed with saturated brine (20 mL × 3), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 10 

silica gel column chromatography to give compound 20B (2.1 g, yellow oil, yield: 94.3%). 

MS (ESI): m/z 324.0 [M+1]+ 

[0476] Step 2: synthesis of compound 20C 

[0477] Compound 20B (2.0 g, 6.17 mmol) was dissolved in methanol (20 mL), water (20 

mL), and tetrahydrofuran (10 mL), and then lithium hydroxide monohydrate (260 mg, 6.17 15 

mmol) was added under an ice bath. Then, the mixture was allowed to react at 70 °C for 16 

h. After the reaction was completed as detected by TLC, the reaction liquid was concentrated 

under reduced pressure to remove the methanol and tetrahydrofuran, then adjusted to pH = 

5-6 with 1 N hydrochloric acid under an ice bath, and filtered. The filter cake was washed 

with water (50 mL) and dried to give compound 20C (1.5 g, pale yellow solid, yield: 78.4%). 20 

MS (ESI): m/z 310.0 [M+1]+ 

[0478] Step 3: synthesis of compound 20D 

[0479] Compound 20C (122 mg, 0.39 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (125 mg, 0.98 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 25 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). Compound 8-D (100 

mg, 0.39 mmol) and N,N-diisopropylethylamine (191 mg, 1.56 mmol) were sequentially 

added at room temperature, and then the reaction liquid was stirred at 50 °C for 1 h. After the 
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reaction was completed as detected by TLC, the reaction liquid was diluted with water (20 

mL) and extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed 

with saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 

column to give compound 20D (120 mg, yellow solid, yield: 55.9%). 5 

[0480] Step 3: synthesis of compound 20 

[0481] Compound 20D (120 mg, 0.22 mmol) and 2-hydroxyethane-1-sulfonamide (33 

mg, 0.29 mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide 

(4 mg, 0.02 mmol), potassium phosphate (94 mg, 0.44 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (6 mg, 0.04 mmol) were sequentially added. Then, the 10 

mixture was stirred at 120 °C for 16 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by HPLC to give 15 

compound 20 (30 mg, yellow solid). MS (ESI): m/z 295.6 [1/2M+1]+. 

[0482] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 10.34 (s, 1H), 9.67 (br.s, 1H), 8.69 (s, 1H), 

8.05 (d, J = 1.1 Hz, 1H), 7.50 (d, J = 1.1 Hz, 1H), 7.13 (d, J = 8.7 Hz, 1H), 6.55 - 6.47 (m, 

2H), 4.92 (br.s, 1H), 4.38 - 4.29 (m, 4H), 3.71 (t, J = 6.8 Hz, 2H), 3.43 - 3.35 (m, 2H), 3.25 - 

3.15 (m, 4H), 2.12 - 1.96 (m, 4H), 1.47 - 1.37 (m, 2H), 0.95 (s, 3H), 0.80 (s, 3H). 20 

[0483] Example 21: Preparation of Compound 21 

 

[0484] Synthetic route: 
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[0485] Preparation method: 

[0486] Step 1: synthesis of compound 21B 

[0487] Compound 21A (100 mg, 0.45 mmol) was dissolved in N-methylpyrrolidone (3 

mL), and then N,N-diisopropylethylamine (230 mg, 1.80 mmol) and 4,4-difluoropiperidine 5 

hydrochloride (114 mg, 0.90 mmol) were added. Then, the mixture was stirred at 150 °C for 

5 h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, the 

reaction liquid was cooled to room temperature, diluted with water (20 mL), and extracted 

with ethyl acetate (20 mL × 3). The organic phases were combined, washed with saturated 

brine (10 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated under 10 

reduced pressure to remove the solvent, and the residue was purified by silica gel column 

chromatography to give compound 21B (110 mg, yellow solid, yield: 93.3%). MS (ESI): m/z 

265.1 [M+1]+ 

[0488] Step 2: synthesis of compound 21C 

[0489] Compound 1E1 (152 mg, 0.49 mmol) was dissolved in dichloromethane (5 mL), 15 

and then oxalyl chloride (156 mg, 1.23 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). Compound 21B (130 

mg, 0.49 mmol) and N,N-diisopropylethylamine (191 mg, 1.47 mmol) were sequentially 20 
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added at room temperature, and then the reaction liquid was stirred at 50 °C for 1 h. After the 

reaction was completed as detected by TLC, the reaction liquid was diluted with water (20 

mL) and extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed 

with saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 5 

column to give compound 21C (200 mg, yellow solid, yield: 73.1%). MS (ESI): m/z 279.4 

[1/2M+1]+ 

[0490] Step 3: synthesis of compound 21 

[0491] Compound 21C (100 mg, 0.18 mmol) and 2-hydroxyethane-1-sulfonamide (20 

mg, 0.16 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 10 

(4 mg, 0.02 mmol), potassium phosphate (76 mg, 0.36 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 16 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 15 

saturated brine (8 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by HPLC to give 

compound 21 (20 mg, white solid). MS (ESI): m/z 301.3 [1/2M+1]+. 

[0492] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 12.90 (s, 1H), 10.21 (br.s, 1H), 8.72 (dd, 

J = 4.2, 1.7 Hz, 1H), 8.24 (dd, J = 8.5, 1.7 Hz, 1H), 8.13 – 8.07 (m, 2H), 7.61 (dd, J = 8.4, 20 

4.1 Hz, 1H), 7.28 (d, J = 2.1 Hz, 1H), 7.14 (dd, J = 8.6, 2.1 Hz, 1H), 4.96 (br.s, 1H), 4.23 - 

4.16 (m, 4H), 3.76 (t, J = 6.5 Hz, 2H), 3.36 (t, J = 6.5 Hz, 2H), 3.04 - 2.97 (m, 4H), 2.28 – 

2.06 (m, 5H), 1.93 - 1.58 (m, 3H), 0.41 (s, 4H). 

[0493] Example 22: Preparation of Compound 22 

 25 
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[0494] Synthetic route: 

 

[0495] Preparation method: 

[0496] Step 3: synthesis of compound 22A 

[0497] Compound 18C (550 mg, 2.0 mmol) was dissolved in dioxane (7 mL), and then 5 

tert-butyl carbamate (352 mg, 3.0 mmol), cesium carbonate (1.32 g, 4.0 mmol), 2-

dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (99 mg, 0.2 mmol), and 

tris(dibenzylideneacetone)dipalladium (88 mg, 0.1 mmol) were added. Then, the mixture was 

stirred at 100 °C for 16 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was cooled to room temperature, diluted with water (20 10 

mL), and then extracted with ethyl acetate (15 mL × 3). The organic phases were combined, 

washed with saturated brine (15 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 22A (550 mg, yellow oil, yield: 80%). MS (ESI): m/z 

353.1 [M+1]+ 15 

[0498] Step 4: synthesis of compound 22B 

[0499] Compound 22A (322 mg, 0.9 mmol) was dissolved in dichloromethane (5 mL), 

and then trifluoroacetic acid (1 mL) was added. Then, the mixture was stirred at 25 °C for 16 

h. After the reaction was completed as detected by TLC, the reaction liquid was concentrated 

under reduced pressure to remove the solvent, and the residue was dissolved in methanol (2 20 

mL) and water (2 mL). A sodium hydroxide solid (182 mg, 4.5 mmol) was slowly added 

under an ice bath. Then, the mixture was stirred at 25 °C for 16 h. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 

saturated brine (20 mL), dried over anhydrous sodium sulfate, then filtered to remove the 25 

drying agent, and concentrated under reduced pressure to remove the solvent, and the residue 

was purified by silica gel column chromatography to give compound 22B (130 mg, brown 
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oil, yield: 55.6%). MS (ESI): m/z 253.1 [M+1]+ 

[0500] Step 5: synthesis of compound 22C 

[0501] Compound 1E1 (120 mg, 0.4 mmol) was dissolved in dichloromethane (10 mL), 

and then oxalyl chloride (130 mg, 1.0 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 5 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

the residue was dissolved in anhydrous tetrahydrofuran (10 mL). Compound 22B (100 mg, 

0.4 mmol) and N,N'-diisopropylethylamine (200 mg, 1.6 mmol) were added at room 

temperature, and then the mixture was stirred at 50 °C for 1 h. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 10 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 

saturated brine (20 mL), dried over anhydrous sodium sulfate, then filtered to remove the 

drying agent, and concentrated under reduced pressure to remove the solvent, and the residue 

was purified by a silica gel column to give compound 22C (20 mg, yellow solid, yield: 10%). 

MS (ESI): m/z 544.1 [M+1]+ 15 

[0502] Step 6: synthesis of compound 22 

[0503] Compound 22C (20 mg, 0.04 mmol) and 2-hydroxyethane-1-sulfonamide (6 

mg, 0.52 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 

(4 mg, 0.02 mmol), potassium phosphate (23 mg, 0.12 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (5 mg, 0.03 mmol) were sequentially added. Then, the 20 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by preparative HPLC 25 

to give compound 22 (0.62 mg, pale yellow solid). MS (ESI): m/z 589.2 [M+1]+ 

[0504] Example 23: Preparation of Compound 23 
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[0505] Synthetic route: 

 

[0506] Preparation method: 

[0507] Step 1: synthesis of compound 23B 5 

[0508] Compound 23A (500 mg, 1.59 mmol) was added to trifluoroacetic acid (1.5 mL) 

under an ice bath, and the mixture was stirred for 1.5 h under the ice bath. After the reaction 

was completed as detected by TLC, an ice-water mixture (20 mL) was added to the reaction 

liquid, and then the mixture was stirred at room temperature for 5 min. The suspension was 

filtered, and the filter cake was washed with water until the pH of the filtrate was 6. The filter 10 

cake was collected and dissolved in dichloromethane (30 mL), and the mixture was dried 

over anhydrous sodium sulfate, then filtered to remove the drying agent, and concentrated 

under reduced pressure to remove the solvent to give compound 23B (290 mg, white solid, 
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yield: 84.8%). 

[0509] Step 2: synthesis of compound 23D 

[0510] Compound 23B (290 mg, 1.35 mmol) was dissolved in dichloromethane (10 

mL), and then compound 23C (341 mg, 1.35 mmol) was added at room temperature. The 

mixture was stirred at room temperature for 16 h. After the reaction was completed as 5 

detected by LCMS, the reaction liquid was filtered, and the filter cake was washed with 

dichloromethane (1 mL × 3) and dried to give a crude product of compound 23D (500 mg, 

white solid). MS (ESI): m/z 268.9 [M]+ 

[0511] Step 3: synthesis of compound 23E 

[0512] The crude product of compound 23D (500 mg) was dissolved in triethyl 10 

orthoformate (5 mL), and then the mixture was stirred at 100 °C for 1 h. After the reaction 

was completed as detected by LCMS, the reaction liquid was concentrated under reduced 

pressure to remove the solvent, and the residue was purified by silica gel column 

chromatography to give compound 23E (300 mg, yellow solid). MS (ESI): m/z 278.8 [M+1]+ 

[0513] Step 4: synthesis of compound 23F 15 

[0514] Compound 23E (300 mg, 1.08 mmol) was dissolved in N-methylpyrrolidone (5 

mL), and then N,N-diisopropylethylamine (230 mg, 4.32 mmol) and 4,4-difluoropiperidine 

hydrochloride (170 mg, 2.16 mmol) were added. Then, the mixture was stirred at 100 °C for 

16 h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, the 

reaction liquid was cooled to room temperature, diluted with water (60 mL), and extracted 20 

with ethyl acetate (50 mL × 3). The organic phases were combined, washed with saturated 

brine (30 mL × 3), dried over anhydrous sodium sulfate, then filtered to remove the drying 

agent, and concentrated under reduced pressure to remove the solvent, and the residue was 

purified by silica gel column chromatography to give compound 23F (220 mg, brownish-

yellow solid, yield: 64.1%). MS (ESI): m/z 318.0 [M+1]+ 25 

[0515] Step 5: synthesis of compound 23G 

[0516] Compound 23F (200 mg, 0.63 mmol) was dissolved in dioxane (5 mL), and then 

tert-butyl carbamate (148 mg, 1.26 mmol), 2-dicyclohexylphosphino-2',4',6'-

triisopropylbiphenyl (30 mg, 0.06 mmol), cesium carbonate (411 mg, 1.26 mmol), 
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tris(dibenzylideneacetone)dipalladium (29 mg, 0.03 mmol) were added. Then, the mixture 

was stirred at 100 °C for 16 h under a nitrogen atmosphere. After the reaction was completed 

as detected by TLC, the reaction liquid was cooled to room temperature, diluted with water 

(20 mL), and extracted with ethyl acetate (30 mL × 3). The organic phases were combined, 

washed with saturated brine (30 mL × 2), dried over anhydrous sodium sulfate, then filtered 5 

to remove the drying agent, and concentrated under reduced pressure to remove the solvent, 

and the residue was purified by silica gel column chromatography and concentrated to 

dryness by rotary evaporation under reduced pressure to give compound 23G (190 mg, 

yellow solid, yield: 75.3%). MS (ESI): m/z 355.2 [M+1]+ 

[0517] Step 6: synthesis of compound 23H 10 

[0518] Compound 23G (200 mg, 0.56 mmol) was dissolved in dichloromethane (5 mL), 

and then trifluoroacetic acid (1 mL) was added. The mixture was stirred at room temperature 

for 2 h. After the reaction was completed as detected by TLC, the reaction liquid was 

concentrated under reduced pressure to give a crude product of compound 23H (200 mg, 

yellow oil). MS (ESI): m/z 255.1 [M+1]+ 15 

[0519] Step 7: synthesis of compound 23I 

[0520] Compound 1E1 (182 mg, 0.59 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (188 mg, 1.48 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 20 

the residue was dissolved in anhydrous tetrahydrofuran (10 mL). Compound 23H (150 mg, 

0.59 mmol) and N,N'-diisopropylethylamine (305 mg, 2.36 mmol) were sequentially added 

at room temperature, and then the mixture was stirred at 50 °C for 1 h. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (40 mL) and 

extracted with ethyl acetate (20 mL × 3). The organic phases were combined, washed with 25 

saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 

column to give compound 23I (100 mg, yellow solid, yield: 31.0%). MS (ESI): m/z 273.6 

274.4 [1/2M+1]+ 
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[0521] Step 8: synthesis of compound 23 

[0522] Compound 23I (90 mg, 0.16 mmol) and 2-hydroxyethane-1-sulfonamide (21 

mg, 0.19 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 

(3 mg, 0.02 mmol), potassium phosphate (70 mg, 0.32 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the 5 

mixture was stirred at 120 °C for 16 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (20 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL × 3), dried over anhydrous sodium sulfate, then filtered to remove the 

drying agent, and concentrated under reduced pressure to remove the solvent, and the residue 10 

was purified by HPLC to give compound 23 (30 mg, white solid). MS (ESI): m/z 591.4 

[M+1]+。1H NMR (300 MHz, DMSO-d6) δ(ppm) 13.30 (s, 1H), 10.17 (br.s, 1H), 8.97 (s, 

1H), 8.50 (s, 1H), 8.10 (d, J = 8.6 Hz, 1H), 7.30 (d, J = 2.1 Hz, 1H), 7.14 (dd, J = 8.7, 2.1 

Hz, 1H), 4.92 (br.s, 1H), 4.42 - 4.36 (m, 4H), 3.76 (t, J = 6.5 Hz, 2H), 3.35 (t, J = 6.2 Hz, 

2H), 3.02 - 2.96 (m, 4H), 2.23 - 2.09 (m, 5H), 1.81 - 1.68 (m, 3H), 0.42 (s, 4H). 15 

[0523] Example 24: Preparation of Compound 24 

 

[0524] Step 1: synthesis of compound 24B 

[0525] Compound 24A (50 g, 335.6 mmol) was dissolved in ethanol, and then hydrazine 

hydrate (39.5 g, 671.3 mmol, 85% pure) was added. Then, the mixture was stirred at 90 °C 20 

for 12 h. After the reaction was completed as detected by LCMS, the reaction liquid was 

cooled to room temperature and filtered, and the filter cake was washed with ice ethanol and 
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dried to give a crude product of compound 24B (54 g, yellow solid). MS (ESI): m/z 145.0 

[M+1]+ 

[0526] Step 2: synthesis of compound 24C 

[0527] The crude product of compound 24B (54 g, 373.5 mmol) was dissolved in 

tetrahydrofuran, and then trifluoroacetic anhydride (86.3 g, 410.9 mmol) was added dropwise 5 

under an ice bath. Then, the mixture was stirred for 3 h under the ice bath. After the reaction 

was completed as detected by LCMS, the reaction liquid was concentrated under reduced 

pressure to remove the solvent, then diluted with water (200 mL), and extracted with 

dichloromethane (200 mL × 3). The organic phases were combined, washed with saturated 

brine (100 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 10 

reduced pressure to remove the solvent to give a crude product of compound 24C (40 g, 

orange liquid). MS (ESI): m/z 241.0 [M+1]+ 

[0528] Step 3: synthesis of compound 24D 

[0529] The crude product of compound 24C (40 g, 166.3 mmol) was dissolved in 

dichloromethane (400 mL), and then NBS (86.3 g, 182.9 mmol) was added in portions at -15 

40 °C. Then, the mixture was naturally warmed to 0 °C over 1 h. After the reaction was 

completed as detected by LCMS, the reaction was quenched with water (200 mL) under an 

ice bath, and the mixture was extracted with dichloromethane (200 mL × 3). The organic 

phases were combined, washed with saturated brine (100 mL), dried over anhydrous sodium 

sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and the 20 

residue was purified by silica gel column chromatography to give compound 24D (15 g, 

yellow liquid). MS (ESI): m/z 318.8 320.8 [M+1]+ 

[0530] Step 4: synthesis of compound 24E 

[0531] Compound 24D (15 g, 47.0 mmol) was dissolved in ethanol (160 mL), and then 

hydrochloric acid (12 mL, 12 mol/L) was added. Then, the mixture was stirred at 100 °C for 25 

8 h. After the reaction was completed as detected by LCMS, the reaction liquid was 

concentrated under reduced pressure to remove the ethanol, and then the reaction was 

quenched with a sodium bicarbonate solid until pH = 7. Then, the reaction liquid was 

extracted with dichloromethane/methanol (80 mL × 3, 10:1). The organic phases were 
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combined, washed with saturated brine (60 mL), dried over anhydrous sodium sulfate, 

filtered, and concentrated under reduced pressure to remove the solvent to give a crude 

product of compound 24E (7 g, grey solid). MS (ESI): m/z 222.9 224.9 [M+1]+ 

[0532] Step 5: synthesis of compound 24F 

[0533] Compound 24E (7 g, 31.3 mmol) was dissolved in triethyl orthoformate (70 mL), 5 

and the mixture was stirred at 130 °C for 2 h. After the reaction was completed as detected 

by LCMS, the reaction liquid was concentrated under reduced pressure to remove the solvent, 

and the residue was purified by silica gel column chromatography to give compound 24F 

(5.2 g, yellow solid). MS (ESI): m/z 232.8 234.8 [M+1]+ 

[0534] Step 6: synthesis of compound 24G 10 

[0535] Compound 24F (800 mg, 3.43 mmol) was dissolved in N-methylpyrrolidone (10 

mL), and then N,N-diisopropylethylamine (1.8 g, 13.7 mmol) and 4,4-difluoropiperidine 

hydrochloride (1.1 g, 6.86 mmol) were added. Then, the mixture was stirred at 60 °C for 4 

h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, the 

reaction liquid was cooled to room temperature, diluted with water (80 mL), and extracted 15 

with ethyl acetate (50 mL × 3). The organic phases were combined, washed with saturated 

brine (40 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by silica gel column 

chromatography to give compound 24G (220 mg, brownish-red solid, yield: 20.2%). MS 

(ESI): m/z 318.0 320.0 [M+1]+ 20 

[0536] Step 7: synthesis of compound 24H 

[0537] Compound 24G (400 mg, 1.26 mmol) was dissolved in dioxane (10 mL), and then 

tert-butyl carbamate (298 mg, 2.52 mmol), 2-dicyclohexylphosphino-2',4',6'-

triisopropylbiphenyl (60 mg, 0.13 mmol), cesium carbonate (823 mg, 2.52 mmol), 

tris(dibenzylideneacetone)dipalladium (21 mg, 0.06 mmol) were added. Then, the mixture 25 

was stirred at 110 °C for 16 h under a nitrogen atmosphere. After the reaction was completed 

as detected by TLC, the reaction liquid was cooled to room temperature, diluted with water 

(50 mL), and extracted with ethyl acetate (40 mL × 3). The organic phases were combined, 

dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 
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remove the solvent, and the residue was purified by silica gel column chromatography to give 

compound 24H (150 mg, brown solid, yield: 24.6%). MS (ESI): m/z 355.1 [M+1]+ 

[0538] Step 8: synthesis of compound 24J 

[0539] Compound 24H (100 mg, 0.56 mmol) was dissolved in dichloromethane (5 mL), 

and then trifluoroacetic acid (1 mL) was added. The mixture was stirred at room temperature 5 

for 2 h. After the reaction was completed as detected by TLC, the mixture was concentrated 

under reduced pressure to remove the solvent, diluted with water (20 mL), then adjusted to 

pH = 7-8 with a sodium bicarbonate solid, and extracted with ethyl acetate (20 mL × 4). The 

organic phases were combined, dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent to give a crude product of 10 

compound 24J (100 mg, blackish-green solid). MS (ESI): m/z 255.1 [M+1]+ 

[0540] Step 9: synthesis of compound 24K 

[0541] Compound 1E1 (122 mg, 0.39 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (125 mg, 0.98 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 15 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (5 mL). Compound 24J (100 

mg, 0.39 mmol) and N,N-diisopropylethylamine (152 mg, 1.17 mmol) were sequentially 

added at room temperature, and then the reaction liquid was stirred at 50 °C for 2 h. After the 

reaction was completed as detected by TLC, the reaction liquid was diluted with water (20 20 

mL) and extracted with ethyl acetate (20 mL × 3). The organic phases were combined, dried 

over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove 

the solvent, and the residue was purified by a silica gel column to give compound 24K (100 

mg, yellow solid, purity: 53.8%, yield: 25.0%). MS (ESI): m/z 273.6 274.4 [M/2+1]+ 

[0542] Step 10: synthesis of compound 24 25 

[0543] Compound 24K (100 mg, 0.18 mmol) and 2-hydroxyethane-1-sulfonamide (28 

mg, 0.22 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 

(4 mg, 0.02 mmol), potassium phosphate (78 mg, 0.36 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the 



 

109 
 

 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (10 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 5 

HPLC to give compound 24 (40 mg, off-white solid). MS (ESI): m/z 591.1 [M+1]+。1H NMR 

(300 MHz, DMSO-d6) δ(ppm) 13.05 (s, 1H), 10.20 (br.s, 1H), 9.34 (s, 1H), 8.76 (s, 1H), 8.05 

(d, J = 8.6 Hz, 1H), 7.26 (d, J = 2.1 Hz, 1H), 7.11 (dd, J = 8.7, 2.1 Hz, 1H), 4.91 (br.s, 1H), 

4.48 - 4.35 (m, 4H), 3.73 (t, J = 6.5 Hz, 2H), 3.33 (t, J = 6.4 Hz, 2H), 3.00 – 2.93 (m, 4H), 

2.22 - 2.07 (m, 5H), 1.81 - 1.56 (m, 3H), 0.38 (s, 4H). 10 

[0544] Example 25: Preparation of Compound 25 

 

[0545] Step 1: synthesis of compound 25B 

[0546] Compound 25A (5.0 g, 35.1 mmol) was dissolved in glacial acetic acid (50 mL), 

and then N-chlorosuccinimide (5.6 g, 42.1 mmol) was added in portions under an ice bath. 15 

Then, the mixture was stirred at room temperature for 16 h. After the reaction was completed 

as detected by TLC, the reaction liquid was diluted with water (300 mL), then adjusted to pH 

= 7-8 with sodium bicarbonate, and extracted with ethyl acetate (150 mL × 3). The organic 
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phases were combined, washed with saturated brine (100 mL × 2), dried over anhydrous 

sodium sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and 

the residue was purified by silica gel column chromatography to give compound 25B (3.7 

g, pale red solid, yield: 56.9%). MS (ESI): m/z 176.9 [M+1]+ 

[0547] Step 2: synthesis of compound 25C 5 

[0548] Compound 25B (3.5 g, 19.8 mmol) was dissolved in glacial acetic acid (35 mL), 

and then a solution of sodium nitrite (1.5 g, 21.8 mmol) in water (5 mL) was slowly added 

dropwise under an ice bath. After the addition was completed, the mixture was stirred at room 

temperature for 16 h. After the reaction was completed as detected by TLC, the reaction liquid 

was diluted with water (150 mL), then adjusted to pH = 7-8 with sodium bicarbonate, and 10 

extracted with ethyl acetate (100 mL × 3). The organic phases were combined, washed with 

saturated brine (80 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by silica gel 

column chromatography to give compound 25C (500 m g, pale red solid, yield: 64.1%). MS 

(ESI): m/z 187.9 [M+1]+ 15 

[0549] Step 3: synthesis of compound 25D 

[0550] Compound 25C (800 mg, 4.26 mmol) was dissolved in N-methylpyrrolidone (10 

mL), and then N,N-diisopropylethylamine (2.2 g, 17.0 mmol) and 4,4-difluoropiperidine 

hydrochloride (1.3 g, 8.52 mmol) were added. Then, the mixture was stirred at 80 °C for 16 

h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, the 20 

reaction liquid was cooled to room temperature, diluted with water (30 mL), and extracted 

with ethyl acetate (30 mL × 3). The organic phases were combined, washed with saturated 

brine (20 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by silica gel column 

chromatography to give compound 25D (800 mg, brownish-yellow solid, yield: 62.5%). MS 25 

(ESI): m/z 273.1 [M+1]+ 

[0551] Step 4: synthesis of compound 25E 

[0552] Compound 25D (1.0 g, 3.49 mmol) was dissolved in anhydrous N,N-

dimethylformamide (10 mL), and then sodium hydride (300 mg, 6.98 mmol) was added in 
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portions under an ice bath. The mixture was stirred for 30 min under the ice bath, and then 

iodomethane (785 mg, 5.24 mmol) was added dropwise to the reaction liquid. After the 

addition was completed, the mixture was slowly warmed to room temperature and stirred for 

2 h. After the reaction was completed as detected by TLC, the reaction was slowly quenched 

with a saturated ammonium chloride solution (30 mL) under an ice bath, and the mixture was 5 

extracted with ethyl acetate (50 mL × 3). The organic phases were combined, washed with 

saturated brine (50 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by silica gel 

column chromatography to give compound 25E (600 mg, brown oil, purity: 70.5%, yield: 

40.2%). MS (ESI): m/z 287.0 [M+1]+ 10 

[0553] Step 5: synthesis of compound 25F 

[0554] Compound 25E (600 mg, 2.09 mmol) was dissolved in dioxane (10 mL), and then 

tert-butyl carbamate (492 mg, 4.18 mmol), 2-dicyclohexylphosphino-2',4',6'-

triisopropylbiphenyl (198 mg, 0.42 mmol), cesium carbonate (1.37 g, 4.18 mmol), and 

palladium acetate (192 mg, 0.21 mmol) were added. Then, the mixture was stirred at 110 °C 15 

for 16 h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, 

the reaction liquid was cooled to room temperature, diluted with water (80 mL), and extracted 

with ethyl acetate (50 mL × 3). The organic phases were combined, washed with saturated 

brine (30 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by silica gel column 20 

chromatography to give compound 25F (600 mg, yellow solid, yield: 70.2%). MS (ESI): m/z 

368.2 [M+1]+ 

[0555] Step 6: synthesis of compound 25G 

[0556] Compound 25F (800 mg, 2.18 mmol) was dissolved in dichloromethane (10 mL), 

and then trifluoroacetic acid (2 mL) was added. The mixture was stirred at room temperature 25 

for 2 h. After the reaction was completed as detected by TLC, the reaction liquid was 

concentrated under reduced pressure to remove the solvent to give a crude product of 

compound 25G (800 mg, yellow oil). MS (ESI): m/z 268.1 [M+1]+ 

[0557] Step 7: synthesis of compound 25H 
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[0558] Compound 1E1 (578 mg, 1.87 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (594 mg, 4.68 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). Compound 25G (500 5 

mg, 1.87 mmol) and N,N-diisopropylethylamine (966 mg, 7.48 mmol) were added at room 

temperature, and then the reaction liquid was stirred at 50 °C for 1 h. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (40 mL × 3). The organic phases were combined, washed with 

saturated brine (30 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 10 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 

column to give compound 25H (400 mg, yellowish-brown solid, yield: 36.7%). MS (ESI): 

m/z 280.1 281.1 [M/2+1]+ 

[0559] Step 8: synthesis of compound 25 

[0560] Compound 25H (400 mg, 0.71 mmol) and 2-hydroxyethane-1-sulfonamide (108 15 

mg, 0.85 mmol) were dissolved in N,N-dimethylformamide (6 mL), and then cuprous iodide 

(14 mg, 0.07 mmol), potassium phosphate (304 mg, 1.42 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (20 mg, 0.14 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (30 mL) and 20 

extracted with ethyl acetate (30 mL × 3). The organic phases were combined, washed with 

saturated brine (20 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 25 (60 mg, pale yellow solid). MS (ESI): m/z 302.7 [M/2+1]+。1H 

NMR (300 MHz, DMSO-d6) δ(ppm) 12.51 (s, 1H), 10.26 (br.s, 1H), 8.24 (s, 1H), 8.07 (d, J 25 

= 8.6 Hz, 1H), 7.82 (s, 1H), 7.25 (d, J = 2.1 Hz, 1H), 7.11 (dd, J = 8.6, 2.1 Hz, 1H), 4.95 (s, 

1H), 4.33 - 4.24 (m, 4H), 4.14 (s, 3H), 3.76 (t, J = 6.5 Hz, 2H), 3.35 (t, J = 6.5 Hz, 2H), 3.04 

- 2.93 (m, 4H), 2.23 - 1.99 (m, 5H), 1.90 - 1.61 (m, 3H), 0.40 (s, 4H). 

[0561] Example 26: Preparation of Compound 26 
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[0562] Preparation method: 

[0563] Step 1: synthesis of compound 26A 

[0564] 2-Fluoro-4-bromobenzoic acid (165 mg, 0.76 mmol) was dissolved in thionyl 

chloride (4 mL), and the mixture was stirred at 80 °C for 2 h. After the reaction was completed 5 

as detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, 

and then the residue was dissolved in anhydrous tetrahydrofuran (2 mL). Compound 21B 

(100 mg, 0.76 mmol) and N,N-diisopropylethylamine (391 mg, 3.04 mmol) were sequentially 

added at room temperature, and then the mixture was stirred at 50 °C for 2 h. After the 

reaction was completed as detected by TLC, the reaction liquid was diluted with water (40 10 

mL) and extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed 

with saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 

column to give compound 26A (200 mg, yellow solid, purity: 85.8%, yield: 48.7%). MS 

(ESI): m/z 465.0 466.9 [M+1]+ 15 

[0565] Step 2: synthesis of compound 26B 

[0566] Compound 26A (100 mg, 0.21 mmol) was dissolved in N,N-dimethylformamide 

(2 mL), and then 3-azabicyclo[3.2.1]octane hydrochloride (32 mg, 0.25 mmol) and 

potassium carbonate (60 mg, 0.42 mmol) were added. Then, the mixture was stirred at 120 °C 

for 16 h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, 20 

the reaction liquid was diluted with water (20 mL) and extracted with ethyl acetate (15 mL × 

3). The organic phases were combined, washed with saturated brine (10 mL × 3), dried over 
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anhydrous sodium sulfate, filtered, and concentrated to dryness by rotary evaporation, and 

the residue was purified by a silica gel column to give compound 26B (120 mg, yellow solid, 

purity: 63.1%, yield: 63.3%). MS (ESI): m/z 278.6 279.7 [M/2+1]+ 

[0567] Step 3: synthesis of compound 26 

[0568] Compound 26B (100 mg, 0.18 mmol) and 2-hydroxyethane-1-sulfonamide (27 5 

mg, 0.22 mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide 

(3 mg, 0.02 mmol), potassium phosphate (76 mg, 0.36 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 10 

extracted with ethyl acetate (10 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 26 (27 mg, off-white solid). MS (ESI): m/z 301.1 [M/2+1]+。1H 

NMR (300 MHz, DMSO-d6) δ(ppm) 10.50 (s, 1H), 10.02 (br.s, 1H), 8.71 (dd, J = 4.1, 1.7 15 

Hz, 1H), 8.24 (dd, J = 8.5, 1.7 Hz, 1H), 8.12 (s, 1H), 7.69 – 7.55 (m, 2H), 7.12 (d, J = 2.0 

Hz, 1H), 6.98 (dd, J = 8.4, 2.0 Hz, 1H), 4.95 (br.s, 1H), 4.20 - 4.10 (m, 4H), 3.76 (t, J = 6.6 

Hz, 2H), 3.31 (t, J = 6.6 Hz, 2H), 3.09 – 2.98 (m, 2H), 2.79 (d, J = 10.5 Hz, 2H), 2.27 – 2.02 

(m, 6H), 1.98 - 1.88 (m, 2H), 1.58 - 1.44 (m, 4H). 

[0569] Example 27: Preparation of Compound 27 20 
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[0570] Step 1: synthesis of compound 27B 

[0571] Compound 27A (5 g, 28.7 mmol) was dissolved in acetic acid (50 mL), and then 

Raney nickel (2 g) was added. Then, the mixture was stirred at 55 °C for 48 h under a 

hydrogen atmosphere (40 psi). After the reaction was completed as detected by LCMS, the 5 

reaction liquid was filtered through celite, and the filtrate was concentrated under reduced 

pressure to remove the solvent to give a crude product of compound 27B (6 g, brown oil). 

MS (ESI): m/z 178.0 [M+1]+ 

[0572] Step 2: synthesis of compound 27C 

[0573] Acetic anhydride (25 mL) was added to formic acid (25 mL), and then the mixture 10 

was stirred at 50 °C for 2 h. Subsequently, the solution was cooled to room temperature, and 

a solution of compound 27B (6 g) in dichloromethane (50 mL) was added dropwise to the 

reaction liquid at room temperature. Then, the mixture was stirred at room temperature for 3 

h. After the reaction was completed as detected by LCMS, the reaction liquid was 

concentrated under reduced pressure to remove the solvent, and the residue was quenched 15 

with saturated sodium bicarbonate until pH = 7 and then extracted with ethyl acetate (50 mL 
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× 3). The organic phases were combined, washed with saturated brine (50 mL), dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 

solvent to give a crude product of compound 27C (5 g, brown solid). MS (ESI): m/z 205.8 

[M+1]+ 

[0574] Step 3: synthesis of compound 27D 5 

[0575] The crude product of compound 27C (5 g, 24.3 mmol) was dissolved in 

acetonitrile (50 mL), and then thionyl chloride (4.33 g, 36.4 mmol) was added at room 

temperature. Then, the mixture was stirred at 80 °C for 0.5 h. After the reaction was 

completed as detected by LCMS, the reaction liquid was concentrated under reduced pressure 

to remove the solvent, and the residue was quenched with saturated sodium bicarbonate until 10 

pH = 7 and then extracted with ethyl acetate (50 mL × 3). The organic phases were combined, 

washed with saturated brine (50 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

silica gel column chromatography to give compound 27D (3.2 g, brown solid). MS (ESI): 

m/z 187.9 [M+1]+ 15 

[0576] Step 4: synthesis of compound 27E 

[0577] Compound 27D (270 mg, 1.44 mmol) was dissolved in N-methyl-2-pyrrolidone 

(6 mL), and then 4,4-difluoropiperidine hydrochloride (296 mg, 1.87 mmol) and N,N-

diisopropylethylamine (558 mg, 4.32 mmol) were added. After the addition was completed, 

the mixture was stirred at 80 °C for 4 h under a nitrogen atmosphere. After the reaction was 20 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) at 0 °C 

and then extracted with ethyl acetate (20 mL × 2). The organic phases were combined, washed 

with saturated brine (15 mL × 3), dried over anhydrous sodium sulfate, then filtered to remove 

the drying agent, and concentrated under reduced pressure to remove the solvent, and the 

residue was purified by silica gel column chromatography to give compound 27E (383 mg, 25 

1.40 mmol, yellow oil, yield: 97.2%). MS (ESI): m/z 273.0 [M+1]+ 

[0578] Step 5: synthesis of compound 27F 

[0579] Compound 27E (383 mg, 1.40 mmol) was dissolved in dioxane (7 mL), and then 

tert-butyl carbamate (247 mg, 2.1 mmol), cesium carbonate (1.4 g, 4.2 mmol), 2-
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dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (67 mg, 0.14 mmol), and 

tris(dibenzylideneacetone)dipalladium (65 mg, 0.07 mmol) were added. Then, the mixture 

was stirred at 100 °C for 5 h under a nitrogen atmosphere. After the reaction was completed 

as detected by TLC, the reaction liquid was cooled to room temperature, diluted with water 

(20 mL), and extracted with ethyl acetate (15 mL × 2). The organic phases were combined, 5 

washed with saturated brine (15 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 27F (220 mg, yellow oil, yield: 44%). MS (ESI): m/z 

354.2 [M+1]+ 

[0580] Step 6: synthesis of compound 27G 10 

[0581] Compound 27F (220 mg, 0.62 mmol) was dissolved in dichloromethane (6 mL), 

and then trifluoroacetic acid (1.5 mL) was added. Then, the mixture was stirred at room 

temperature for 5 h. After the reaction was completed as detected by TLC, the mixture was 

concentrated under reduced pressure to remove the solvent to give a crude product of 

compound 27G (151 mg, yellow oil). MS (ESI): m/z 254.1 [M+1]+ 15 

[0582] Step 7: synthesis of compound 27H 

[0583] Compound 1E1 (184 mg, 0.6 mmol) was dissolved in dichloromethane (2 mL), 

and then oxalyl chloride (189 mg, 1.5 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 20 

the residue was dissolved in anhydrous tetrahydrofuran (2 mL). Compound 27G (151 mg, 

0.6 mmol) and N,N-diisopropylethylamine (309 mg, 2.4 mmol) were added to the reaction 

liquid under an ice bath, and then the mixture was stirred at room temperature for 1 h. After 

the reaction was completed as detected by TLC, the reaction liquid was diluted with water 

(20 mL) and extracted with ethyl acetate (15 mL × 3). The organic phases were combined, 25 

washed with saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 27H (98 mg, yellow solid, yield: 30%). MS (ESI): m/z 

545.2 547.1 [M+1]+ 
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[0584] Step 8: synthesis of compound 27 

[0585] Compound 27H (98 mg, 0.18 mmol) and 2-hydroxyethane-1-sulfonamide (27 

mg, 0.24 mmol) were dissolved in N,N-dimethylformamide (5 mL), and then cuprous iodide 

(18 mg, 0.11 mmol), potassium phosphate (99 mg, 0.52 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (20 mg, 0.15 mmol) were sequentially added. Then, the 5 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 

saturated brine (10 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 10 

HPLC to give compound 27 (6 mg, yellow solid). MS (ESI): m/z 590.2 [M+1]+。1H NMR 

(300 MHz, DMSO-d6) δ(ppm) 12.81 (s, 1H), 10.20 (br.s, 1H), 8.71 (s, 1H), 8.53 (s, 1H), 8.07 

(d, J = 8.6 Hz, 1H), 7.87 (s, 1H), 7.28 (d, J = 2.2 Hz, 1H), 7.14 (dd, J = 8.7, 2.1 Hz, 1H), 4.94 

(br.s, 1H), 4.01 - 3.93 (m, 4H), 3.76 (t, J = 6.5 Hz, 2H), 3.35 (t, J = 6.5 Hz, 2H), 3.01- 2.94 

(m, 4H), 2.23 - 2.04 (m, 5H), 1.82 - 1.59 (m, 3H), 0.40 (s, 4H). 15 

[0586] Example 28: Preparation of Compound 28 

 

[0587] Step 1: synthesis of compound 28B 

[0588] Compound 28A (8.0 g, 38.5 mmol) was dissolved in ethanol (160 mL) and water 

(30 mL), and then iron powder (10.7 g, 192.5 mmol) and concentrated hydrochloric acid (20 20 
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mL) were added. The mixture was stirred at 95 °C for 16 h. After the reaction was completed 

as detected by TLC, the reaction liquid was cooled to room temperature and filtered, and the 

filtrate was diluted with water (150 mL), adjusted to pH = 7 with a sodium bicarbonate solid, 

and then extracted with ethyl acetate (50 mL × 3). The organic phases were combined, washed 

with saturated brine (100 mL), dried over anhydrous sodium sulfate, then filtered to remove 5 

the drying agent, and concentrated under reduced pressure to remove the solvent to give a 

crude product of compound 28B (10.0 g, yellow solid). MS (ESI): m/z 178.0 [M+1]+ 

[0589] Step 2: synthesis of compound 28C 

[0590] The crude product of compound 28B (10.0 g, 56.1 mmol) was dissolved in 

hydrochloric acid (25 mL, 2 mol/L) and water (20 mL), and then a sodium nitrite solid (3.26 10 

g, 56.1 mmol) was added in portions at 0 °C. Then, the mixture was stirred at 0 °C for 4 h. 

After the reaction was completed as detected by TLC, ice water (150 mL) was added to the 

reaction liquid, and a solid was precipitated. The mixture was filtered, and the filter cake was 

washed twice with water, collected, and dried to give a crude product of compound 28C (6.5 

g, yellow solid). MS (ESI): m/z 188.9 [M+1]+ 15 

[0591] Step 3: synthesis of compound 28D 

[0592] Compound 28C (2.0 g, 10.6 mmol) was dissolved in N-methyl-2-pyrrolidone (20 

mL), and then N,N-diisopropylethylamine (4.1 g, 31.8 mmol) and 4,4-difluoropiperidine 

hydrochloride (2.2 g, 13.8 mmol) were added. Then, the mixture was stirred at 100 °C for 

16 h. After the reaction was completed as detected by TLC, the reaction liquid was cooled to 20 

room temperature, diluted with water (50 mL), and then extracted with ethyl acetate (20 mL 

× 3). The organic phases were combined, washed with saturated brine (30 mL × 3), dried 

over anhydrous sodium sulfate, then filtered to remove the drying agent, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by silica gel 

column chromatography to give compound 28D (2.6 g, yellow oil, yield: 89.6%). MS (ESI): 25 

m/z 274.1 [M+1]+ 

[0593] Step 4: synthesis of compound 28E 

[0594] Compound 28D (1.0 g, 3.7 mmol) was dissolved in tetrahydrofuran (10 mL), and 

then 3,4-dihydro-2H-pyran (615 mg, 7.4 mmol) and p-toluenesulfonic acid monohydrate (69 
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mg, 0.37 mmol) were added. Then, the mixture was stirred at room temperature for 5 h. After 

the reaction was completed as detected by TLC, the reaction liquid was diluted with water 

(20 mL) and extracted with ethyl acetate (30 mL × 3). The organic phases were combined, 

washed with saturated brine (30 mL), dried over anhydrous sodium sulfate, then filtered to 

remove the drying agent, and concentrated under reduced pressure to remove the solvent, and 5 

the residue was purified by silica gel column chromatography to give a crude product of 

compound 28E (1.6 g, yellow solid). MS (ESI): m/z 358.1 [M+1]+ 

[0595] Step 5: synthesis of compound 28F 

[0596] Compound 28E (1.6 g, 4.5 mmol) was dissolved in dioxane (16 mL), and then 

tert-butyl carbamate (787 mg, 6.8 mmol), cesium carbonate (4.38 g, 13.5 mmol), 2-10 

dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (213 mg, 0.45 mmol), and 

tris(dibenzylideneacetone)dipalladium (205 mg, 0.23 mmol) were added. Then, the mixture 

was stirred at 100 °C for 16 h under a nitrogen atmosphere. After the reaction was completed 

as detected by TLC, the reaction liquid was cooled to room temperature, diluted with water 

(50 mL), and extracted with ethyl acetate (30 mL × 2). The organic phases were combined, 15 

washed with saturated brine (30 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 28F (1.7 g, yellow oil, yield: 88%). MS (ESI): m/z 

439.3 [M+1]+ 

[0597] Step 6: synthesis of compound 28G 20 

[0598] Compound 28F (1.7 g, 4.0 mmol) was dissolved in toluene (20 mL), and then 300-

400 mesh silica gel (1.7 g) was added. Then, the mixture was stirred at 120 °C for 16 h. After 

the reaction was completed as detected by TLC, the reaction liquid was filtered. The filter 

cake was washed with dichloromethane/methanol (5/1, 30 mL), and the filtrate was 

concentrated under reduced pressure to remove the solvent to give a crude product of 25 

compound 28G (860 mg, brown oil). MS (ESI): m/z 339.2 [M+1]+ 

[0599] Step 7: synthesis of compound 28H 

[0600] Compound 28G (860 mg, 2.5 mmol) and compound 1E1 (732 mg, 2.4 mmol) 

were dissolved in pyridine (8 mL), and then phosphorus oxychloride (1.92 g, 12.5 mmol) 
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was added dropwise under an ice bath. Then, the mixture was stirred at room temperature for 

3 h. After the reaction was completed as detected by TLC, the reaction liquid was 

concentrated to dryness by rotary evaporation, diluted with ice water (20 mL) and adjusted 

to pH = 5 with 4 N hydrochloric acid, and then extracted with ethyl acetate (30 mL × 3). The 

organic phases were combined, washed with saturated brine (20 mL), dried over anhydrous 5 

sodium sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and 

the residue was purified by a silica gel column to give compound 28H (162 mg, yellow solid, 

yield: 12%). MS (ESI): m/z 273.7 274.8 [(M-84)/2+1]+ 

[0601] Step 8: synthesis of compound 28I 

[0602] Compound 28H (162 mg, 0.3 mmol) and 2-hydroxyethane-1-sulfonamide (53 10 

mg, 0.4 mmol) were dissolved in N,N-dimethylformamide (5 mL), and then cuprous iodide 

(37 mg, 0.18 mmol), potassium phosphate (200 mg, 0.87 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (40 mg, 0.26 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 15 

extracted with ethyl acetate (8 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by a silica gel column 

to give compound 28I (25 mg, white solid). MS (ESI): m/z 675.2 [M+1]+ 

[0603] Step 9: synthesis of compound 28 20 

[0604] Compound 28I (25 mg) was dissolved in a solution of hydrochloric acid in ethanol 

(2 mL,4 mol/L), and the mixture was stirred at 25 °C for 0.5 h. After the reaction was 

completed as detected by TLC, the mixture was concentrated under reduced pressure to 

remove the solvent, and the residue was purified by preparative HPLC to give compound 28 

(8 mg, white solid). MS (ESI): m/z 591.3 [M+1]+。1H NMR (300 MHz, DMSO-d6) δ(ppm) 25 

12.97 (s, 1H), 10.29 (br.s, 1H), 8.09 (d, J = 8.6 Hz, 1H), 7.85 (s, 1H), 7.28 (d, J = 2.2 Hz, 

1H), 7.13 (dd, J = 8.6, 2.1 Hz, 1H), 4.99 (br.s, 1H), 4.50 - 4.28 (m, 4H), 3.76 (t, J = 6.4 Hz, 

2H), 3.36 (t, J = 6.4 Hz, 2H), 3.05 - 2.94 (m, 4H), 2.45 - 2.02 (m, 5H), 1.87 - 1.61 (m, 3H), 

0.41 (s, 4H). 
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[0605] Example 29: Preparation of Compound 29 

 

[0606] Step 1: synthesis of compound 29A 

[0607] Compound 8-A (1.1 g, 3.9 mmol) was dissolved in N-methyl-2-pyrrolidone (12 

mL), and then N,N-diisopropylethylamine (2.06 g, 15.6 mmol) and 2-azaspiro[3.3]heptane 5 

hemioxalate (792 mg, 2.7 mmol) were added. Then, the mixture was stirred at 100 °C for 5 

h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, the 

reaction liquid was diluted with water (30 mL) at 0 °C and extracted with ethyl acetate (50 

mL × 3). The organic phases were combined, washed with saturated brine (30 mL × 3), dried 

over anhydrous sodium sulfate, then filtered to remove the drying agent, and concentrated 10 

under reduced pressure to remove the solvent, and the residue was purified by silica gel 

column chromatography to give compound 29A (1.1 g, yellow oil, yield: 94.8%). MS (ESI): 

m/z 293.0 295.0 [M+1]+ 

[0608] Step 2: synthesis of compound 29B 

[0609] Compound 29A (600 mg, 2.1 mmol) was dissolved in dioxane (7 mL), and then 15 

tert-butyl carbamate (360 mg, 3.2 mmol), cesium carbonate (1.33 g, 4.2 mmol), 2-

dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (92 mg, 0.2 mmol), and palladium 

acetate (24 mg, 0.1 mmol) were added. Then, the mixture was stirred at 100 °C for 5 h under 

a nitrogen atmosphere. After the reaction was completed as detected by TLC, the reaction 

liquid was cooled to room temperature, diluted with water (20 mL), and extracted with ethyl 20 

acetate (30 mL × 3). The organic phases were combined, washed with saturated brine (15 

mL), dried over anhydrous sodium sulfate, then filtered to remove the drying agent, and 
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concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 29B (550 mg, yellow oil, yield: 80.9%). MS (ESI): 

m/z 330.2 [M+1]+ 

[0610] Step 3: synthesis of compound 29C 

[0611] Compound 29B (550 mg, 1.7 mmol) was dissolved in dichloromethane (7 mL), 5 

and then trifluoroacetic acid (1.5 mL) was added. Then, the mixture was stirred at room 

temperature for 2 h. After the reaction was completed as detected by TLC, the mixture was 

concentrated under reduced pressure to remove the solvent to give a crude product of 

compound 29C (330 mg, brown oil). MS (ESI): m/z 230.1 [M+1]+ 

[0612] Step 4: synthesis of compound 29D 10 

[0613] Compound 1E1 (440 mg, 1.4 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (451 mg, 3.5 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

the residue was dissolved in anhydrous tetrahydrofuran (5 mL). Compound 29C (330 mg, 15 

1.4 mmol) and N,N-diisopropylethylamine (737 mg, 5.6 mmol) were added to the reaction 

liquid at room temperature, and then the mixture was stirred at room temperature for 1 h. 

After the reaction was completed as detected by TLC, the reaction liquid was diluted with 

water (20 mL) and extracted with ethyl acetate (15 mL × 3). The organic phases were 

combined, washed with saturated brine (15 mL), dried over anhydrous sodium sulfate, 20 

filtered, and concentrated under reduced pressure to remove the solvent, and the residue was 

purified by a silica gel column to give compound 29D (648 mg, yellow solid, yield: 85.7%). 

MS (ESI): m/z 261.3 262.4 [M/2+1]+ 

[0614] Step 5: synthesis of compound 29 

[0615] Compound 29D (120 mg, 0.23 mmol) and 2-hydroxyethane-1-sulfonamide (37 25 

mg, 0.3 mmol) were dissolved in N,N-dimethylformamide (5 mL), and then cuprous iodide 

(26 mg, 0.13 mmol), potassium phosphate (144 mg, 0.67 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (28 mg, 0.2 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 
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completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (8 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by preparative HPLC 

to give compound 29 (5 mg, white solid). MS (ESI): m/z 566.0 [M+1]+。1H NMR (300 MHz, 5 

DMSO-d6) δ(ppm) 13.07 (s, 1H), 10.19 (s, 1H), 8.62 (s, 1H), 8.06 (d, J = 8.6 Hz, 1H), 7.99 

(d, J = 1.0 Hz, 1H), 7.49 (d, J = 1.0 Hz, 1H), 7.28 (d, J = 2.1 Hz, 1H), 7.14 (dd, J = 8.6, 2.1 

Hz, 1H), 4.94 (br.s, 1H), 4.43 - 4.31 (m, 4H), 3.76 (t, J = 6.4 Hz, 2H), 3.37 (t, J = 6.4 Hz, 

2H), 3.03 - 2.94 (m, 4H), 2.22 (t, J = 7.5 Hz, 5H), 1.93 – 1.69 (m, 5H), 0.43 (s, 4H). 

[0616] Example 30: Preparation of Compound 30 10 

 

[0617] Step 1: synthesis of compound 30A 

[0618] Compound 8-A (1 g, 3.9 mmol) was dissolved in N-methyl-2-pyrrolidone (12 

mL), and then N,N-diisopropylethylamine (2.06 g, 15.6 mmol) and 3-

azabicyclo[3.2.1]octane hydrochloride (1.6 g, 11.7 mmol) were added. Then, the mixture 15 

was stirred at 100 °C for 5 h under a nitrogen atmosphere. After the reaction was completed 

as detected by TLC, the reaction liquid was diluted with water (30 mL) at 0 °C and extracted 

with ethyl acetate (50 mL × 3). The organic phases were combined, washed with saturated 

brine (30 mL × 3), dried over anhydrous sodium sulfate, then filtered to remove the drying 

agent, and concentrated under reduced pressure to remove the solvent, and the residue was 20 

purified by silica gel column chromatography to give compound 30A (260 mg, yellow oil, 

yield: 24%). MS (ESI): m/z 307.0 309.0 [M+1]+ 
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[0619] Step 2: synthesis of compound 30B 

[0620] Compound 30A (260 mg, 0.85 mmol) was dissolved in dioxane (7 mL), and then 

tert-butyl carbamate (148 mg, 1.27 mmol), cesium carbonate (559 mg, 1.7 mmol), 2-

dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (39 mg, 0.09 mmol), and palladium 

acetate (13 mg, 0.04 mmol) were added. Then, the mixture was stirred at 100 °C for 5 h under 5 

a nitrogen atmosphere. After the reaction was completed as detected by TLC, the reaction 

liquid was cooled to room temperature, diluted with water (20 mL), and extracted with ethyl 

acetate (30 mL × 3). The organic phases were combined, washed with saturated brine (15 

mL), dried over anhydrous sodium sulfate, then filtered to remove the drying agent, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 10 

a silica gel column to give compound 30B (234 mg, yellow oil, yield: 80%). MS (ESI): m/z 

344.2 [M+1]+ 

[0621] Step 3: synthesis of compound 30C 

[0622] Compound 30B (234 mg, 0.68 mmol) was dissolved in dichloromethane (7 mL), 

and then trifluoroacetic acid (1.5 mL) was added. Then, the mixture was stirred at room 15 

temperature for 2 h. After the reaction was completed as detected by TLC, the mixture was 

concentrated under reduced pressure to remove the solvent to give a crude product of 

compound 30C (164 mg, brown oil). MS (ESI): m/z 244.1 [M+1]+ 

[0623] Step 4: synthesis of compound 30D 

[0624] Compound 1E1 (207 mg, 0.67 mmol) was dissolved in dichloromethane (5 mL), 20 

and then oxalyl chloride (214 mg, 1.67 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

the residue was dissolved in anhydrous tetrahydrofuran (5 mL). Compound 30C (164 mg, 

0.67 mmol) and N,N-diisopropylethylamine (348 mg, 2.68 mmol) were added to the reaction 25 

liquid at room temperature, and then the mixture was stirred at room temperature for 1 h. 

After the reaction was completed as detected by TLC, the reaction liquid was diluted with 

water (20 mL) and extracted with ethyl acetate (15 mL × 3). The organic phases were 

combined, washed with saturated brine (15 mL), dried over anhydrous sodium sulfate, 
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filtered, and concentrated under reduced pressure to remove the solvent, and the residue was 

purified by a silica gel column to give compound 30D (132 mg, yellow solid, yield: 37.3%). 

MS (ESI): m/z 268.3 269.0 [M/2+1]+ 

[0625] Step 5: synthesis of compound 30 

[0626] Compound 30D (132 mg, 0.25 mmol) and 2-hydroxyethane-1-sulfonamide (33 5 

mg, 0.25 mmol) were dissolved in N,N-dimethylformamide (5 mL), and then cuprous iodide 

(26 mg, 0.15 mmol), potassium phosphate (152 mg, 0.73 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (20 mg, 0.22 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 10 

extracted with ethyl acetate (8 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by preparative HPLC 

to give compound 30 (25 mg, white solid). MS (ESI): m/z 290.7[M/2+1]+ 。 1H NMR (300 

MHz, DMSO-d6) δ(ppm) 12.83 (s, 1H), 10.34 (br.s, 1H), 8.71 (s, 1H), 8.20 – 7.93 (m, 2H), 15 

7.50 (s, 1H), 7.27 (s, 1H), 7.13 (d, J = 8.4 Hz, 1H), 5.27 (s, 2H), 4.98 (br.s, 1H), 3.76 (t, J = 

6.5 Hz, 2H), 3.35 (t, J = 6.4 Hz, 2H), 3.09 (d, J = 12.6 Hz, 2H), 3.03 - 2.92 (m, 4H), 2.39 - 

2.28 (m, 2H), 1.97 – 1.42 (m, 10H), 0.39 (s, 4H). 

[0627] Example 31: Preparation of Compound 31 

 20 

[0628] Step 1: synthesis of compound 31A 

[0629] Compound 8-A (1.0 g, 3.61 mmol) was dissolved in N-methylpyrrolidone (10 mL), 
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and then N,N-diisopropylethylamine (930 mg, 7.22 mmol) and 6-aza-spiro[2.5]octane 

hydrochloride (640 mg, 4.33 mmol) were added. Then, the mixture was stirred at 100 °C for 

16 h. After the reaction was completed as detected by TLC, the reaction liquid was cooled to 

room temperature, diluted with water (100 mL), and extracted with ethyl acetate (100 mL × 

3). The organic phases were combined, washed with saturated brine (70 mL × 3), dried over 5 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 

solvent, and the residue was purified by silica gel column chromatography and concentrated 

to dryness by rotary evaporation under reduced pressure to give compound 31A (1.0 g, pink 

solid, yield: 86.2%). MS (ESI): m/z 307.0 309.0 [M+1]+ 

[0630] Step 2: synthesis of compound 31B 10 

[0631] Compound 31A (500 mg, 1.63 mmol) was dissolved in dioxane (5 mL), and then 

tert-butyl carbamate (382 mg, 3.26 mmol), 2-dicyclohexylphosphino-2',4',6'-

triisopropylbiphenyl (156 mg, 0.33 mmol), cesium carbonate (1.06 mg, 3.26 mmol), and 

palladium acetate (37 mg, 0.16 mmol) were added. Then, the mixture was allowed to react at 

100 °C for 16 h under a nitrogen atmosphere. After the reaction was completed as detected 15 

by TLC, the reaction liquid was cooled to room temperature, diluted with water (50 mL), and 

extracted with ethyl acetate (60 mL × 3). The organic phases were combined, dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 

solvent, and the residue was purified by silica gel column chromatography to give compound 

31B (400 mg, yellow solid, yield: 71.6%). MS (ESI): m/z 344.1[M+1]+ 20 

[0632] Step 3: synthesis of compound 31C 

[0633] Compound 31B (100 mg, 0.29 mmol) was dissolved in dichloromethane (2 mL), 

and then trifluoroacetic acid (0.4 mL) was added. The mixture was stirred at room 

temperature for 16 h. After the reaction was completed as detected by TLC, the mixture was 

concentrated under reduced pressure to remove the solvent to give a crude product of 25 

compound 31C (100 mg, yellow oil). MS (ESI): m/z 244.1[M+1]+ 

[0634] Step 4: synthesis of compound 31D 

[0635] Compound 1E1 (89 mg, 0.29 mmol) was dissolved in dichloromethane (2 mL), 

and then oxalyl chloride (91 mg, 0.73 mmol) was added dropwise under an ice bath. Then, 
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the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (5 mL). A mixed solution of 

compound 31C (70 mg, 0.29 mmol) and N,N-diisopropylethylamine (148 mg, 1.16 mmol) 

in tetrahydrofuran was added at room temperature, and then the reaction liquid was stirred at 5 

50 °C for 2 h. After the reaction was completed as detected by TLC, the reaction liquid was 

diluted with water (30 mL) and extracted with ethyl acetate (30 mL × 3). The organic phases 

were combined, dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by a silica gel column 

to give compound 31D (80 mg, yellow solid, purity: 65.8%, yield: 31.7%). MS (ESI): m/z 10 

268.1 269.1 [M/2+1]+ 

[0636] Step 5: synthesis of compound 31 

[0637] Compound 31D (70 mg, 0.13 mmol) and 2-hydroxyethane-1-sulfonamide (20 

mg, 0.16 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 

(3 mg, 0.01 mmol), potassium phosphate (56 mg, 0.26 mmol), and (1R,2R)-(-)-N,N'-15 

dimethyl-1,2-cyclohexanediamine (5 mg, 0.03 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (10 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 20 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 31 (15 mg, off-white solid). MS (ESI): m/z 290.7[M/2+1]+。1H 

NMR (300 MHz, DMSO-d6) δ(ppm) 12.77 (s, 1H), 10.19 (br.s, 1H), 8.74 (s, 1H), 8.14 - 7.93 

(m, 2H), 7.51 (d, J = 1.1 Hz, 1H), 7.27 (d, J = 2.1 Hz, 1H), 7.13 (dd, J = 8.6, 2.1 Hz, 1H), 

4.94 (br.s, 1H), 4.40 - 4.29 (m, 4H), 3.76 (t, J = 6.5 Hz, 2H), 3.35 (t, J = 6.5 Hz, 2H), 3.02 - 25 

2.93 (m, 4H), 1.91 – 1.40 (m, 8H), 0.39 (s, 4H), 0.36 (s, 4H). 

[0638] Example 32: Preparation of Compound 32 
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[0639] Step 1: synthesis of compound 32 

[0640] Compound 21C (100 mg, 0.18 mmol) and methanesulfonamide (21 mg, 0.22 

mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide (4 mg, 

0.02 mmol), potassium phosphate (78 mg, 0.36 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-5 

cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (15 mL) and extracted with ethyl 

acetate (20 mL × 3). The organic phases were combined, washed with saturated brine (8 mL 

× 3), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 10 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

32 (30 mg, white solid). MS (ESI): m/z 286.2 [M/2+1]+。1H NMR (300 MHz, DMSO-d6) 

δ(ppm) 12.90 (s, 1H), 10.25 (s, 1H), 8.72 (dd, J = 4.1, 1.7 Hz, 1H), 8.24 (dd, J = 8.5, 1.7 Hz, 

1H), 8.17 – 8.04 (m, 2H), 7.61 (dd, J = 8.4, 4.1 Hz, 1H), 7.27 (d, J = 2.1 Hz, 1H), 7.14 (dd, 

J = 8.6, 2.1 Hz, 1H), 4.24 - 4.16 (m, 4H), 3.13 (s, 3H), 3.05 - 2.96 (m, 4H), 2.27 – 2.07 (m, 15 

5H), 1.86 - 1.61 (m, 3H), 0.40 (s, 4H). 

[0641] Example 33: Preparation of Compound 33 

 

[0642] Step 3: synthesis of compound 33 

[0643] Compound 26B (800 mg, 0.14 mmol) and methanesulfonamide (17 mg, 0.17 20 

mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide (3 mg, 

0.01 mmol), potassium phosphate (61 mg, 0.28 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (4 mg, 0.03 mmol) were sequentially added. Then, the mixture was 
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stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (20 mL × 3). The organic phases were combined, washed with saturated brine (8 mL 

× 3), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 5 

33 (15 mg, white solid). 

[0644] MS (ESI): m/z 286.2 [M/2+1]+。 

[0645] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 10.49 (s, 1H), 10.04 (s, 1H), 8.71 (dd, J = 

4.1, 1.7 Hz, 1H), 8.25 (dd, J = 8.5, 1.8 Hz, 1H), 8.12 (s, 1H), 7.71 – 7.54 (m, 2H), 7.11 (d, J 

= 2.1 Hz, 1H), 6.99 (dd, J = 8.4, 2.0 Hz, 1H), 4.21 - 4.10 (m, 4H), 3.07 (s, 3H), 3.06 - 3.01 10 

(m, 2H), 2.80 (d, J = 10.5 Hz, 2H), 2.27 – 2.03 (m, 6H), 1.93 (d, J = 7.6 Hz, 2H), 1.58 - 1.44 

(m, 4H). 

[0646] Example 34: Preparation of Compound 34 

 

[0647] Step 1: synthesis of compound 34A 15 

[0648] Compound 8-A (20 g, 72.2 mmol) was dissolved in acetonitrile (180 mL), and 

then 1-chloromethyl-4-fluoro-1,4-diazobicyclo[2.2.2]octane bis(tetrafluoroborate) (28.1 g, 

79.4 mmol) was added at room temperature. Then, the mixture was stirred at 80 °C for 5 h. 

After the reaction was completed as detected by LCMS, the reaction liquid was concentrated 

under reduced pressure to remove the solvent, and the residue was purified by silica gel 20 

column chromatography to give a crude product, which was then purified by a reversed-phase 

column to give 34A (3.1 g, yellow solid, yield: 14.5%). MS (ESI): m/z 295.8 [M+1]+ 
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[0649] Step 2: synthesis of compound 34B 

[0650] Compound 34A (1.0 g, 3.39 mmol) was dissolved in N-methylpyrrolidone (10 mL), 

and then N,N-diisopropylethylamine (884 mg, 6.78 mmol) and 4,4-difluoropiperidine 

hydrochloride (650 mg, 4.07 mmol) were added. Then, the mixture was stirred at 100 °C for 

16 h. After the reaction was completed as detected by TLC, the reaction liquid was cooled to 5 

room temperature, diluted with water (80 mL), and extracted with ethyl acetate (80 mL × 3). 

The organic phases were combined, dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

silica gel column chromatography to give compound 34B (1.0 g, pale yellow solid, purity: 

73.5%, yield: 64.7%). MS (ESI): m/z 335.0 337.0 [M+1]+ 10 

[0651] Step 3: synthesis of compound 34C 

[0652] Compound 34B (400 mg, 1.19 mmol) was dissolved in dioxane (10 mL), and then 

tert-butyl carbamate (280 mg, 2.38 mmol), 2-dicyclohexylphosphino-2',4',6'-

triisopropylbiphenyl (57 mg, 0.12 mmol), cesium carbonate (340 mg, 2.38 mmol), and 

palladium acetate (13 mg, 0.06 mmol) were added. Then, the mixture was stirred at 100 °C 15 

for 16 h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, 

the reaction liquid was cooled to room temperature, diluted with water (50 mL), and extracted 

with ethyl acetate (40 mL × 3). The organic phases were combined, dried over anhydrous 

sodium sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and 

the residue was purified by silica gel column chromatography to give compound 34C (300 20 

mg, off-white solid, purity: 75.2%, yield: 50.9%). MS (ESI): m/z 372.1 [M+1]+ 

[0653] Step 4: synthesis of compound 34D 

[0654] Compound 34C (300 mg, 0.81 mmol) was dissolved in dichloromethane (5 mL), 

and then trifluoroacetic acid (1 mL) was added. The mixture was stirred at room temperature 

for 2 h. After the reaction was completed as detected by TLC, the mixture was concentrated 25 

under reduced pressure to remove the solvent to give a crude product of compound 34D 

(300 mg, yellow oil). MS (ESI): m/z 272.1[M+1]+ 

[0655] Step 5: synthesis of compound 34E 

[0656] Compound 1E1 (228 mg, 0.74 mmol) was dissolved in dichloromethane (5 mL), 
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and then oxalyl chloride (234 mg, 1.85 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

the residue was dissolved in anhydrous tetrahydrofuran (5 mL). A mixed solution of 

compound 34D (200 mg, 0.74 mmol) and N,N-diisopropylethylamine (381 mg, 2.96 mmol) 5 

was added at room temperature. Then, the mixture was stirred at 50 °C for 2 h. After the 

reaction was completed as detected by TLC, the reaction liquid was diluted with water (30 

mL) and extracted with ethyl acetate (30 mL × 3). The organic phases were combined, dried 

over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove 

the solvent, and the residue was purified by a silica gel column to give compound 34E (200 10 

mg, pale yellow solid, purity: 65.8%, yield: 31.7%). MS (ESI): m/z 282.8 283.9 [M/2+1]+ 

[0657] Step 6: synthesis of compound 34 

[0658] Compound 34E (100 mg, 0.18 mmol) and 2-hydroxyethane-1-sulfonamide (27 

mg, 0.22 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 

(3 mg, 0.02 mmol), potassium phosphate (75 mg, 0.36 mmol), and (1R,2R)-(-)-N,N'-15 

dimethyl-1,2-cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by LCMS, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (20 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 20 

reduced pressure to remove the solvent, and the residue was purified by preparative HPLC 

to give compound 34 (40 mg, pale yellow solid). MS (ESI): m/z 304.5 [M/2+1]+。1H NMR 

(300 MHz, DMSO-d6) δ (ppm) 13.03 (s, 1H), 10.30 (br.s, 1H), 8.43 (s, 1H), 8.08 (d, J = 8.6 

Hz, 1H), 7.40 (d, J = 7.2 Hz, 1H), 7.29 (d, J = 2.2 Hz, 1H), 7.14 (dd, J = 8.6, 2.1 Hz, 1H), 

4.95 (br.s, 1H), 4.46 - 4.36 (m, 4H), 3.76 (t, J = 6.5 Hz, 2H), 3.36 (t, J = 6.5 Hz, 2H), 3.03 - 25 

2.94 (m, 4H), 2.21 - 2.02 (m, 5H), 1.85 - 1.61 (m, 3H), 0.41 (s, 4H). 

[0659] Example 35: Preparation of Compound 35 
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[0660] Preparation method: 

[0661] Step 1: synthesis of compound 35B 

[0662] Compound 42B (1 g, 2.26 mmol) was dissolved in N,N-dimethylformamide (10 

mL), and then cuprous iodide (2.15 g, 11.3 mmol), cesium fluoride (1.03 g, 6.78 mmol), and 5 

(trifluoromethyl)trimethylsilane (963 mg, 6.78 mmol) were added. Then, the mixture was 

stirred at 95 °C for 12 h under a nitrogen atmosphere. After the reaction was completed as 

detected by LCMS, the reaction liquid was cooled to room temperature, diluted with water 

(50 mL), and extracted with ethyl acetate (50 mL × 3). The organic phases were combined, 

washed with saturated brine (50 mL × 3), dried over anhydrous sodium sulfate, filtered, and 10 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 35B (110 mg, yellow solid, yield: 12.6%). MS (ESI): 

m/z 384.9 387.0 [M+1]+ 

[0663] Step 2: synthesis of compound 35C 

[0664] Compound 35B (110 mg, 0.29 mmol) was dissolved in dioxane (6 mL), and then 15 

tert-butyl carbamate (55 mg, 0.44 mmol), cesium carbonate (187 g, 0.58 mmol), 2-

dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (14 mg, 0.03 mmol), and palladium 

acetate (4 mg, 0.02 mmol) were added. Then, the mixture was stirred at 100 °C for 5 h under 

a nitrogen atmosphere. After the reaction was completed as detected by TLC, the mixture 

was cooled to room temperature, diluted with water (20 mL), and extracted with ethyl acetate 20 

(15 mL × 2). The organic phases were combined, washed with saturated brine (15 mL), dried 

over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove 
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the solvent, and the residue was purified by a silica gel column to give compound 35C (69 

mg, yellow oil, yield: 55.1%). MS (ESI): m/z422.1 [M+1]+ 

[0665] Step 4: synthesis of compound 35D 

[0666] Compound 35C (69 mg, 0.16 mmol) was dissolved in dichloromethane (2 mL), 

and then trifluoroacetic acid (0.5 mL) was added. After the addition was completed, the 5 

mixture was stirred at 25 °C for 2 h. After the reaction was completed as detected by TLC, 

the mixture was concentrated under reduced pressure to remove the solvent to give a crude 

product of compound 35D (50 mg, brown oil). MS (ESI): m/z 322.1 [M+1]+ 

[0667] Step 4: synthesis of compound 35E 

[0668] Compound 1E1 (48 mg, 0.16 mmol) was dissolved in dichloromethane (2 mL), 10 

and then oxalyl chloride (49 mg, 0.4 mmol) was added dropwise under an ice bath. Then, the 

mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (2 mL). Compound 35D (50 

mg, 0.16 mmol) and N,N-diisopropylethylamine (80 mg, 0.64 mmol) were added at room 15 

temperature, and then the mixture was stirred at room temperature for 1 h. After the reaction 

was completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 

solvent, and the residue was purified by a silica gel column to give compound 35E (50 mg, 20 

yellow solid, yield: 50%). 

[0669] Step 5: synthesis of compound 35 

[0670] Compound 35E (50 mg, 0.08 mmol) and 2-hydroxyethane-1-sulfonamide (13 mg, 

0.10 mmol) were dissolved in N,N-dimethylformamide (5 mL), and then cuprous iodide (9 

mg, 0.05 mmol), potassium phosphate (50 mg, 0.23 mmol), and (1R,2R)-(-)-N,N'-dimethyl-25 

1,2-cyclohexanediamine (10 mg, 0.07 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (10 mL × 3). The organic phases were combined, washed with saturated brine (8 mL), 
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dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 

remove the solvent, and the residue was purified by preparative HPLC to give compound 35 

(15 mg, white solid). MS (ESI): m/z 329.7 [M/2+1]+  1H NMR (300 MHz, DMSO-d6) δ(ppm) 

13.22 (s, 1H), 10.27 (br.s, 1H), 8.80 (s, 1H), 8.21 – 8.01 (m, 2H), 7.29 (s, 1H), 7.14 (d, J = 

8.3 Hz, 1H), 4.95 (br.s, 1H), 4.41 - 4.33 (m, 4H), 3.76 (t, J = 6.4 Hz, 2H), 3.36 (t, J = 6.4 Hz, 5 

2H), 3.05 - 2.92 (m, 4H), 2.28 - 2.04 (m, 5H), 1.87 - 1.59 (m, 3H), 0.41 (s, 4H). 

[0671] Example 36: Preparation of Compound 36 

 

[0672] Preparation method: 

[0673] Step 1: synthesis of compound 36B 10 

[0674] Compound 36A (1.0 g, 3.95 mmol) was dissolved in N,N-dimethylacetamide (10 

mL), and then 3-bromo-1,1,1-trifluoroacetone (1.9 g, 9.88 mmol) was added. Then, the 

mixture was stirred at 90 °C for 16 h. After the reaction was completed as detected by TLC, 

the reaction liquid was cooled to room temperature, diluted with water (50 mL), and extracted 

with ethyl acetate (50 mL × 3). The organic phases were combined, washed with saturated 15 

brine (50 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by silica gel column 

chromatography to give a crude product of compound 36B (600 mg, brown oil). MS (ESI): 

m/z 345.8 [M+1]+ 

[0675] Step 2: synthesis of compound 36C 20 

[0676] Compound 36B (600 mg, 1.74 mmol) was dissolved in N-methylpyrrolidone (10 

mL), and then N,N-diisopropylethylamine (451 mg, 3.48 mmol) and 4,4-difluoropiperidine 
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hydrochloride (332 mg, 2.09 mmol) were added. Then, the mixture was stirred at 100 °C for 

4 h. After the reaction was completed as detected by TLC, the reaction liquid was cooled to 

room temperature, diluted with water (80 mL), and extracted with ethyl acetate (40 mL × 3). 

The organic phases were combined, dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 5 

silica gel column chromatography to give compound 36C (400 mg, pale yellow solid, purity: 

71.8%, yield: 42.9%). MS (ESI): m/z 385.0 387.0 [M+1]+ 

[0677] Step 3: synthesis of compound 36D 

[0678] Compound 36C (200 mg, 0.52 mmol) was dissolved in dioxane (5 mL), and then 

tert-butyl carbamate (122 mg, 1.04 mmol), 2-dicyclohexylphosphino-2',4',6'-10 

triisopropylbiphenyl (25 mg, 0.05 mmol), cesium carbonate (340 mg, 1.04 mmol), and 

palladium acetate (6 mg, 0.03 mmol) were added. Then, the mixture was stirred at 100 °C for 

16 h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, the 

reaction liquid was cooled to room temperature, diluted with water (50 mL), and extracted 

with ethyl acetate (40 mL × 3). The organic phases were combined, dried over anhydrous 15 

sodium sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and 

the residue was purified by silica gel column chromatography to give compound 36D (160 

mg, yellow solid, purity: 81.4%, yield: 59.5%). MS (ESI): m/z 366.1 [M-55]+ 

[0679] Step 4: synthesis of compound 36E 

[0680] Compound 36D (180 mg, 0.43 mmol) was dissolved in dichloromethane (5 mL), 20 

and then trifluoroacetic acid (1 mL) was added. The mixture was stirred at room temperature 

for 2 h. After the reaction was completed as detected by TLC, the mixture was concentrated 

under reduced pressure to remove the solvent to give a crude product of compound 36E (180 

mg, yellow oil). MS (ESI): m/z 322.1[M+1]+ 

[0681] Step 5: synthesis of compound 36F 25 

[0682] Compound 1E1 (135 mg, 0.44 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (139 mg, 1.10 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 
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then the residue was dissolved in anhydrous tetrahydrofuran (5 mL). Compound 36E (140 

mg, 0.44 mmol) and N,N-diisopropylethylamine (225 mg, 1.76 mmol) were added at room 

temperature, and then the mixture was stirred at 50 °C for 2 h. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (30 mL) and 

extracted with ethyl acetate (30 mL × 3). The organic phases were combined, dried over 5 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 

solvent, and the residue was purified by a silica gel column to give compound 36F (200 mg, 

pale yellow solid, purity: 81.3%, yield: 60.8%). MS (ESI): m/z 307.1 308.2 [M/2+1]+ 

[0683] Step 6: synthesis of compound 36 

[0684] Compound 36F (100 mg, 0.16 mmol) and 2-hydroxyethane-1-sulfonamide (25 10 

mg, 0.19 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 

(3 mg, 0.02 mmol), potassium phosphate (69 mg, 0.32 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (5 mg, 0.03 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 15 

extracted with ethyl acetate (10 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 36 (38 mg, pale yellow solid). MS (ESI): m/z 329.7 [M/2+1]+。1H 

NMR (300 MHz, DMSO-d6) δ(ppm) 13.03 (s, 1H), 10.21 (br.s, 1H), 8.88 (s, 1H), 8.71 (d, J 20 

= 1.0 Hz, 1H), 8.08 (d, J = 8.6 Hz, 1H), 7.29 (d, J = 2.1 Hz, 1H), 7.15 (dd, J = 8.6, 2.1 Hz, 

1H), 4.95 (br.s, 1H), 4.44 - 4.32 (m, 4H), 3.76 (t, J = 6.5 Hz, 2H), 3.36 (t, J = 6.4 Hz, 2H), 

3.03 - 2.92 (m, 4H), 2.29 – 1.99 (m, 5H), 1.83 - 1.58 (m, 3H), 0.41 (s, 4H). 

[0685] Example 37: Preparation of Compound 37 
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[0686] Preparation method: 

[0687] Step 1: synthesis of compound 37B 

[0688] Compound 37A (900 mg, 4.1 mmol) was dissolved in methanol (10 mL), and then 

thionyl chloride (974 mg, 8.2 mmol) was added dropwise under an ice bath. Then, the mixture 5 

was stirred at room temperature for 12 h. After the reaction was completed as detected by 

TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and the residue 

was adjusted to pH = 7 with saturated sodium bicarbonate and then extracted with ethyl 

acetate (30 mL × 3). The organic phases were combined, washed with saturated brine (20 

mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 10 

to remove the solvent to give a crude product of compound 37B (300 mg, off-white solid). 

[0689] Step 2: synthesis of compound 37C 

[0690] The crude product of compound 37B (900 mg, 3.8 mmol) was dissolved in N-

methylpyrrolidone (10 mL), and then 6-aza-spiro[2.5]octane hydrochloride (681 g, 4.6 

mmol) and N,N-diisopropylethylamine (2.7 mL, 15.4 mmol) were added. Then, the mixture 15 

was stirred at 120 °C for 3 h. After the reaction was completed as detected by LCMS, the 

reaction liquid was diluted with water (60 mL) under an ice bath and extracted with ethyl 

acetate (60 mL × 3). The organic phases were combined, washed with saturated brine (30 mL 

× 3), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by a silica gel column to give compound 20 

37C (1.4 g, yellow solid). MS (ESI): 325.0 327.0 m/z [M+1]+ 
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[0691] Step 3: synthesis of compound 37D 

[0692] Compound 37C (1.34 g, 4.1 mmol) was dissolved in methanol (5 mL) and water 

(5 mL), and then sodium hydroxide (330 mg, 8.2 mmol) was added. Then, the mixture was 

stirred at room temperature for 12 h. After the reaction was completed as detected by LCMS, 

the reaction liquid was adjusted to pH = 6 with a hydrochloric acid solution (1 mol/L) under 5 

an ice bath and extracted with ethyl acetate (60 mL × 3). The organic phases were combined, 

washed with saturated brine (30 mL × 2), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 37D (1 g, off-white solid). MS (ESI): 311.0 313.0 m/z 

[M+1]+ 10 

[0693] Step 4: synthesis of compound 37E 

[0694] Compound 37D (372 mg, 1.18 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (378 mg, 2.96 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 15 

then the residue was dissolved in anhydrous tetrahydrofuran (8 mL). A mixture of compound 

8-D (300 mg, 1.18 mmol) and N,N-diisopropylethylamine (462 mg, 4.72 mmol) was added 

at room temperature, and then the reaction liquid was stirred at 50 °C for 1 h. After the 

reaction was completed as detected by TLC, the reaction liquid was diluted with water (50 

mL) and extracted with ethyl acetate (40 mL × 3). The organic phases were combined, washed 20 

with saturated brine (20 mL × 2), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 37E (300 mg, yellowish-brown solid, purity: 77.5%, 

yield: 24.0%). MS (ESI): 273.6 274.5 m/z [M/2+1]+ 

[0695] Step 5: synthesis of compound 37 25 

[0696] Compound 37E (5 mg, 0.009 mmol) and 2-hydroxyethane-1-sulfonamide (1.4 mg, 

0.011 mmol) were dissolved in N,N-dimethylformamide (0.5 mL), and then cuprous iodide 

(0.2 mg, 0.001 mmol), cesium carbonate (3.9 mg, 0.018 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (0.3 mg, 0.002 mmol) were sequentially added. Then, the 
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mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquids were combined and filtered. The filtrate 

was then concentrated under reduced pressure to remove the solvent, and the residue was 

purified by preparative HPLC to give compound 37 (8 mg, yellow solid, formate). MS (ESI): 

591.1 m/z [M+1]+。1H NMR (300 MHz, DMSO-d6) δ(ppm) 11.38 (s, 1H), 10.37 (s, 1H), 8.80 5 

(s, 1H), 8.12 (d, J = 1.1 Hz, 1H), 7.60 – 7.47 (m, 2H), 4.99 (br.s, 1H), 4.51 - 4.28 (m, 4H), 

3.78 (t, J = 6.6 Hz, 2H), 3.40 (t, J = 6.2 Hz, 2H), 3.09 - 2.99 (m, 4H), 2.22 – 1.97 (m, 5H), 

1.80 - 1.58 (m, 4H), 0.36 (s, 4H). 

[0697] Example 38: Preparation of Compound 38 

 10 

[0698] Step 1: synthesis of compound 38B 

[0699] Compound 38A (5 g, 24.3 mmol) was dissolved in a 33% solution of hydrobromic 

acid in acetic acid (40 mL), and then the mixture was stirred at 60 °C for 5 h. After the reaction 

was completed as detected by LCMS, the reaction liquid was diluted with water (60 mL) 

under an ice bath and then stirred for 10 min under the ice bath. The suspension was filtered, 15 

and the filter cake was washed with ice water (10 mL × 2). The filter cake was dissolved in 

ethyl acetate (60 mL) and water (30 mL), and then neutralized with an aqueous sodium 

hydroxide solution (1 mol/L) until pH = 7. The aqueous phase was extracted with ethyl 

acetate (60 mL × 3). The organic phases were combined, washed with saturated brine (50 

mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 20 
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to remove the solvent to give a crude product of compound 38B (2.5 g, off-white solid). MS 

(ESI): m/z 295.9 [M+1]+ 

[0700] Step 2: synthesis of compound 38C 

[0701] Compound 38B (2 g, 6.78 mmol) was dissolved in N-methylpyrrolidone (20 mL), 

and then 6-aza-spiro[2.5]octane hydrochloride (1.2 g, 8.14 mmol) and N,N-5 

diisopropylethylamine (3.6 mL, 20.3 mmol) were added. Then, the mixture was stirred at 

120 °C for 12 h. After the reaction was completed as detected by LCMS, the reaction liquid 

was diluted with water (60 mL) under an ice bath and extracted with ethyl acetate (60 mL × 

3). The organic phases were combined, washed with saturated brine (30 mL × 3), dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 10 

solvent, and the residue was purified by a silica gel column to give compound 38C (1.1 g, 

off-white solid). MS (ESI): m/z 325.0 327.0 [M+1]+ 

[0702] Step 3: synthesis of compound 38D 

[0703] Compound 38C (1.1 g, 3.4 mmol) was dissolved in methanol (5 mL) and water (5 

mL), and then sodium hydroxide (271 mg, 6.8 mmol) was added. Then, the mixture was 15 

stirred at room temperature for 12 h. After the reaction was completed as detected by LCMS, 

the reaction liquid was adjusted to pH = 6 with a hydrochloric acid solution (1 mol/L) under 

an ice bath and extracted with ethyl acetate (60 mL × 3). The organic phases were combined, 

washed with saturated brine (30 mL × 2), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 20 

a silica gel column to give compound 38D (800 mg, white solid). MS (ESI): m/z 311.0 313.0 

[M+1]+ 

[0704] Step 4: synthesis of compound 38E 

[0705] Compound 38D (100 mg, 0.32 mmol) was dissolved in dichloromethane (2 mL), 

and then oxalyl chloride (102 mg, 0.8 mmol) and one drop of N,N-dimethylformamide were 25 

added dropwise under an ice bath. Then, the mixture was stirred at room temperature for 30 

min. After the reaction was completed as detected by TLC, the reaction liquid was 

concentrated to dryness by rotary evaporation, and then the residue was dissolved in 

anhydrous tetrahydrofuran (2 mL). Compound 8-D (81 mg, 0.32 mmol) and N,N-
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diisopropylethylamine (165 mg, 1.28 mmol) were added at room temperature, and then the 

mixture was stirred at room temperature for 1 h. After the reaction was completed as detected 

by TLC, the reaction liquid was diluted with water (20 mL) and extracted with ethyl acetate 

(15 mL × 3). The organic phases were combined, dried over anhydrous sodium sulfate, 

filtered, and concentrated under reduced pressure to remove the solvent, and the residue was 5 

purified by a silica gel column to give compound 38E (130 mg, yellow solid, yield: 75%). 

MS (ESI): m/z 273.6 274.5 [M/2+1]+ 

[0706] Step 5: synthesis of compound 38 

[0707] Compound 38E (70 mg, 0.13 mmol) and 2-hydroxyethane-1-sulfonamide (21 mg, 

0.17 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide (14 10 

mg, 0.08 mmol), potassium phosphate (77 mg, 0.38 mmol), and (1R,2R)-(-)-N,N'-dimethyl-

1,2-cyclohexanediamine (15 mg, 0.11 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (10 mL × 3). The organic phases were combined, washed with saturated brine (8 mL 15 

× 3), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

38 (5 mg, white solid, formate). MS (ESI): m/z 591.3 [M+1]+。1H NMR (300 MHz, DMSO-

d6) δ(ppm) 10.80 (br.s, 1H), 8.72 (s, 1H), 8.05 (s, 1H), 7.52 (d, J = 1.1 Hz, 1H), 6.69 (s, 1H), 

4.83 (br.s, 1H), 4.42 - 4.31 (m, 4H), 3.73 (t, J = 6.8 Hz, 2H), 3.52 - 3.34 (m, 2H), 3.01 - 2.99 20 

(m, 5H), 2.16 - 2.00 (m, 5H), 1.64 - 1.51 (m, 4H), 0.31 (s, 4H). 

[0708] Example 39: Preparation of Compound 39 
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[0709] Step 1: synthesis of compound 39B 

[0710] Compound 39A (500 mg, 2.50 mmol) was dissolved in tetrahydrofuran (5 mL), 

and then triethylamine (508 mg, 5.00 mmol) and 4,4-difluoropiperidine hydrochloride (476 

mg, 3.00 mmol) were added. Then, the mixture was stirred at room temperature for 16 h. 5 

After the reaction was completed as detected by TLC, the mixture was concentrated under 

reduced pressure to remove the solvent to give a crude product of compound 39B (1 g, 

yellow solid). MS (ESI): m/z 285.0 [M+1]+ 

[0711] Step 2: synthesis of compound 39C 

[0712] Compound 39B (400 mg, 1.41 mmol) was dissolved in dioxane (10 mL), and then 10 

tert-butyl carbamate (330 mg, 2.82 mmol), 2-dicyclohexylphosphino-2',4',6'-

triisopropylbiphenyl (63 mg, 0.14 mmol), cesium carbonate (918 mg, 2.82 mmol), and 

palladium acetate (16 mg, 0.07 mmol) were added. Then, the mixture was stirred at 100 °C 

for 16 h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, 

the reaction liquid was cooled to room temperature, diluted with water (80 mL), and extracted 15 

with ethyl acetate (40 mL × 3). The organic phases were combined, dried over anhydrous 

sodium sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and 

the residue was purified by silica gel column chromatography to give compound 39C (400 

mg, orange-yellow solid, yield: 75.7%). MS (ESI): m/z 366.1 [M+1]+ 

[0713] Step 3: synthesis of compound 39D 20 

[0714] Compound 39C (300 mg, 0.82 mmol) was dissolved in dichloromethane (5 mL), 
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and then trifluoroacetic acid (1 mL) was added. The mixture was stirred at room temperature 

for 2 h. After the reaction was completed as detected by TLC, the mixture was concentrated 

under reduced pressure to remove the solvent, diluted with water (20 mL), then adjusted to 

pH = 7-8 with a sodium bicarbonate solid, and extracted with ethyl acetate (20 mL × 4). The 

organic phases were combined, dried over anhydrous sodium sulfate, filtered, and 5 

concentrated under reduced pressure to remove the solvent to give a crude product of 

compound 39D (180 mg, brownish-red solid). MS (ESI): m/z 266.0 [M+1]+ 

[0715] Step 4: synthesis of compound 39E 

[0716] Compound 1E1 (211 mg, 0.68 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (215 mg, 1.70 mmol) was added dropwise under an ice bath. Then, 10 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (5 mL). Compound 39D (180 

mg, 0.68 mmol) and N,N-diisopropylethylamine (350 mg, 2.04 mmol) were sequentially 

added at room temperature, and then the mixture was stirred at 50 °C for 2 h. After the 15 

reaction was completed as detected by TLC, the reaction liquid was diluted with water (30 

mL) and extracted with ethyl acetate (30 mL × 3). The organic phases were combined, dried 

over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove 

the solvent, and the residue was purified by a silica gel column to give a crude product of 

compound 39E (200 mg, brownish-red solid). 20 

[0717] Step 5: synthesis of compound 39 

[0718] Compound 39E (100 mg, 0.18 mmol) and 2-hydroxyethane-1-sulfonamide (27 

mg, 0.22 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 

(3 mg, 0.02 mmol), potassium phosphate (76 mg, 0.36 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the 25 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (10 mL × 3). The organic phases were combined, washed with 

saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 
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under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 39 (8 mg, yellow solid). MS (ESI): m/z 301.7 [M/2+1]+。1H NMR 

(300 MHz, DMSO-d6) δ(ppm) 13.10 (s, 1H), 10.27 (br.s, 1H), 8.93 (d, J = 1.9 Hz, 1H), 8.69 

(d, J = 1.9 Hz, 1H), 8.20 – 8.05 (m, 2H), 7.28 (d, J = 2.1 Hz, 1H), 7.13 (dd, J = 8.7, 2.1 Hz, 

1H), 4.99 (br.s, 1H), 4.28 - 4.20 (m, 4H), 3.76 (t, J = 6.5 Hz, 2H), 3.36 (t, J = 6.5 Hz, 2H), 5 

3.06 - 2.97(m, 4H), 2.31 - 2.05 (m, 5H), 1.75 (s, 3H), 0.41 (s, 4H). 

[0719] Example 40: Preparation of Compound 40 

 

[0720] Step 1: synthesis of compound 40B 

[0721] Compound 40A (550 mg, 2.7 mmol) was dissolved in N-methyl-2-pyrrolidone (7 10 

mL), and then N,N-diisopropylethylamine (1.06 g, 8.1 mmol) and 4,4-difluoropiperidine 

hydrochloride (561 mg, 3.5 mmol) were added. Then, the mixture was stirred at 80 °C for 5 

h under a nitrogen atmosphere. After the reaction was completed as detected by TLC, the 

reaction liquid was diluted with water (30 mL) at 0 °C and extracted with ethyl acetate (20 

mL × 3). The organic phases were combined, washed with saturated brine (15 mL × 3), dried 15 

over anhydrous sodium sulfate, then filtered to remove the drying agent, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by silica gel 

column chromatography to give a crude product of compound 40B (990 mg, yellow oil). MS 

(ESI):m /z 284.1 286.1 [M+1]+ 

[0722] Step 2: synthesis of compound 40C 20 

[0723] The crude product of compound 40B (990 mg, 3.5 mmol) was dissolved in dioxane 
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(12 mL), and then tert-butyl carbamate (616 mg, 5.3 mmol), cesium carbonate (2.3 mg, 7.0 

mmol), 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl (165 mg, 0.35 mmol), and 

tris(dibenzylideneacetone)dipalladium (165 mg, 0.18 mmol) were added. Then, the mixture 

was stirred at 100 °C for 5 h under a nitrogen atmosphere. After the reaction was completed 

as detected by TLC, the mixture was cooled to room temperature, diluted with water (40 mL), 5 

and extracted with ethyl acetate (20 mL × 3). The organic phases were combined, washed 

with saturated brine (15 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 

column to give a crude product of compound 40C (1.4 g, yellow oil). MS (ESI): m/z 365.2 

[M+1]+ 10 

[0724] Step 3: synthesis of compound 40D 

[0725] Compound 40C (500 mg, 1.4 mmol) was dissolved in dichloromethane (5 mL), 

and then trifluoroacetic acid (1 mL) was added. Then, the mixture was stirred at 25 °C for 2 

h. After the reaction was completed as detected by TLC, the mixture was concentrated under 

reduced pressure to remove the solvent to give a crude product of compound 40D (400 mg, 15 

brown oil). MS (ESI): m/z 265.1 [M+1]+ 

[0726] Step 4: synthesis of compound 40E 

[0727] Compound 1E1 (468 mg, 1.5 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (480 mg, 3.8 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 20 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

the residue was dissolved in anhydrous tetrahydrofuran (5 mL). Subsequently, compound 

40D (400 mg, 1.5 mmol) and N,N-diisopropylethylamine (781 mg, 6.0 mmol) were added to 

the reaction liquid, and then the mixture was stirred at 65 °C for 16 h. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 25 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 

saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 

column to give compound 40E (280 mg, yellow solid, yield: 33.3%). MS (ESI): 278.6 279.6 
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[M/2+1]+ 

[0728] Step 5: synthesis of compound 40 

[0729] Compound 40E (280 mg, 0.5 mmol) and 2-hydroxyethane-1-sulfonamide (84 mg, 

0.65 mmol) were dissolved in N,N-dimethylformamide (6 mL), and then cuprous iodide (57 

mg, 0.3 mmol), potassium phosphate (308 mg, 1.45 mmol), and (1R,2R)-(-)-N,N'-dimethyl-5 

1,2-cyclohexanediamine (60 mg, 0.43 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (10 mL × 3). The organic phases were combined, washed with saturated brine (8 mL), 

dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 10 

remove the solvent, and the residue was purified by preparative HPLC to give compound 40 

(41 mg, yellow solid). MS (ESI): m/z 601.2 [M+1]+ 1H NMR (300 MHz, DMSO-d6) δ(ppm) 

13.30 (s, 1H), 10.06 (br.s, 1H), 8.95 (dd, J = 4.2, 1.6 Hz, 1H), 8.44 (d, J = 8.4 Hz, 1H), 8.32 

(s, 1H), 8.13 (d, J = 8.5 Hz, 1H), 7.43 (dd, J = 8.4, 4.3 Hz, 1H), 7.29 (d, J = 2.1 Hz, 1H), 7.15 

(dd, J = 8.6, 2.1 Hz, 1H), 4.98 (br.s, 1H), 3.77 (t, J = 6.4 Hz, 2H), 3.61 - 3.51 (m, 4H), 3.37 15 

(t, J = 6.4 Hz, 2H), 3.01 (d, J = 6.4 Hz, 4H), 2.25 (d, J = 16.0 Hz, 5H), 1.94 - 1.74 (m, 3H), 

0.40 (s, 4H). 

[0730] Example 41: Preparation of Compound 42 

 

[0731] Step 1: synthesis of compound 42A 20 

[0732] Compound 8-A (5 g, 18.1 mmol) was dissolved in DMF (40 mL), and then N-

iodosuccinimide (4.47 g, 19.9 mmol) was added. Then, the mixture was stirred at 60 °C for 

3 h. After the reaction was completed as detected by LCMS, the reaction liquid was cooled 
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to room temperature, and the reaction was quenched with a saturated sodium thiosulfate 

solution (80 mL). Then, the reaction liquid was extracted with ethyl acetate (100 mL × 3). 

The organic phases were combined, washed with saturated brine (60 mL × 3), dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 

solvent, and the residue was purified by silica gel column chromatography to give compound 5 

42A (6.8 g, yellow solid, yield: 93.5%). MS (ESI): m/z 403.7 [M+1]+ 

[0733] Step 2: synthesis of compound 42B 

[0734] Compound 42A (1 g, 2.5 mmol) was dissolved in N-methylpyrrolidone (40 mL), 

and then 4,4-difluoropiperidine hydrochloride (430 mg, 2.7 mmol) was added. Then, the 

mixture was stirred at 100 °C for 3 h. After the reaction was completed as detected by LCMS, 10 

the reaction liquid was cooled to room temperature, diluted with water (60 mL), and extracted 

with ethyl acetate (50 mL × 3). The organic phases were combined, washed with saturated 

brine (30 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by silica gel column 

chromatography and concentrated to dryness by rotary evaporation under reduced pressure 15 

to give compound 42B (900 mg, off-white solid, yield: 81.8%). MS (ESI): m/z 442.9 444.9 

[M+1]+ 

[0735] Step 3: synthesis of compound 42C 

[0736] Compound 42B (3.5 g, 7.9 mmol) was dissolved in dioxane (40 mL) and water (4 

mL), and then trimethylboroxine (6.8 mL, 23.7 mmol, a 3.5 mol/L solution in 20 

tetrahydrofuran), [1,1'-bis(diphenylphosphino)ferrocene]palladium dichloride 

dichloromethane complex (320 mg, 0.4 mmol), and potassium carbonate (2.18 g, 15.8 mmol) 

were added. Then, the mixture was stirred at 75 °C for 3 h under a nitrogen atmosphere. After 

the reaction was completed as detected by LCMS, the reaction liquid was cooled to room 

temperature, diluted with water, and extracted with ethyl acetate. The organic phases were 25 

combined, washed with saturated brine, dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

reversed-phase preparative chromatography to give compound 42C (290 mg, off-white 

solid, yield: 11.1%). MS (ESI): m/z 331.0 333.0 [M+1]+ 
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[0737] Step 4: synthesis of compound 42D 

[0738] Compound 42C (280 mg, 0.85 mmol) was dissolved in dioxane (5 mL), and then 

tert-butyl carbamate (200 mg, 1.70 mmol), 2-dicyclohexylphosphino-2',4',6'-

triisopropylbiphenyl (40 mg, 0.09 mmol), cesium carbonate (553 mg, 1.70 mmol), 

tris(dibenzylideneacetone)dipalladium (40 mg, 0.04 mmol) were added. Then, the mixture 5 

was allowed to react at 110 °C for 16 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was cooled to room temperature, diluted 

with water (50 mL), and extracted with ethyl acetate (40 mL × 3). The organic phases were 

combined, dried over anhydrous sodium sulfate, filtered, and concentrated under reduced 

pressure to remove the solvent, and the residue was purified by silica gel column 10 

chromatography and concentrated to dryness by rotary evaporation under reduced pressure 

to give compound 42D (250 mg, yellow solid, purity: 94.1%, yield: 75.7%). MS (ESI): m/z 

368.2 [M+1]+ 

[0739] Step 5: synthesis of compound 42E 

[0740] Compound 42D (250 mg, 0.68 mmol) was dissolved in dichloromethane (5 mL), 15 

and then trifluoroacetic acid (1 mL) was added. The mixture was stirred at room temperature 

for 2 h. After the reaction was completed as detected by TLC, the mixture was concentrated 

under reduced pressure to remove the solvent to give a crude product of compound 42E (250 

mg, yellow oil). MS (ESI): m/z 268.1[M+1]+ 

[0741] Step 5: synthesis of compound 42F 20 

[0742] Compound 1E1 (208 mg, 0.67 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (218 mg, 1.68 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). Compound 42E (180 25 

mg, 0.67 mmol) and N,N-diisopropylethylamine (350 mg, 2.68 mmol) were sequentially 

added at room temperature, and then the reaction liquid was stirred at 50 °C for 1 h. After the 

reaction was completed as detected by TLC, the reaction liquid was diluted with water (40 

mL) and extracted with ethyl acetate (20 mL × 3). The organic phases were combined, washed 
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with saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 

column to give compound 42F (110 mg, yellow solid, purity: 63.2%, yield: 18.5%). MS 

(ESI): m/z 280.1 281.1 [M/2+1]+ 

[0743] Step 3: synthesis of compound 42 5 

[0744] Compound 42F (100 mg, 0.18 mmol) and 2-hydroxyethane-1-sulfonamide (27 

mg, 0.22 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 

(3 mg, 0.02 mmol), potassium phosphate (76 mg, 0.44 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 10 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (10 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 42 (20 mg, white solid). MS (ESI): m/z 604.3 [M+1]+。1H NMR 15 

(300 MHz, DMSO-d6) δ 12.90 (s, 1H), 10.21 (br.s, 1H), 8.50 (s, 1H), 8.08 (d, J = 8.6 Hz, 

1H), 7.38 (s, 1H), 7.28 (d, J = 2.2 Hz, 1H), 7.14 (dd, J = 8.7, 2.1 Hz, 1H), 4.97 (br.s, 1H), 

4.49 - 4.33 (m, 4H), 3.76 (t, J = 6.5 Hz, 2H), 3.36 (t, J = 6.4 Hz, 2H), 3.05 - 2.94 (m, 4H), 

2.42 (s, 3H), 2.21 - 1.98 (m, 5H), 1.87 - 1.61 (m, 3H), 0.40 (s, 4H). 

[0745] Example 42: Preparation of Compound 43 20 

 

[0746] Step 1: synthesis of compound 43B 
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[0747] Compound 43A (2.0 g, 9.17 mmol) was dissolved in dimethyl sulfoxide (20 mL), 

and then 6-aza-spiro[2.5]octane hydrochloride (1.6 g, 11.0 mmol) and N,N-

diisopropylethylamine (3.4 g, 22.9 mmol) were added. Then, the mixture was stirred at room 

temperature for 16 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (100 mL) and extracted with 5 

ethyl acetate (80 mL × 3). The organic phases were combined, washed with saturated brine 

(50 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced 

pressure to remove the solvent, and the residue was purified by silica gel column 

chromatography to give compound 43B (2.8 g, white solid, yield: 97.7%). MS (ESI): m/z 

308.9 311.0 [M+1]+ 10 

[0748] Step 2: synthesis of compound 43C 

[0749] Compound 43B (2.9 g, 9.38 mmol) was dissolved in N-methylpyrrolidone (30 

mL), and then 4-methoxybenzylamine (1.6 g, 11.3 mmol) and N,N-diisopropylethylamine 

(2.4 g, 18.8 mmol) were added. Then, the mixture was stirred at 120 °C for 16 h under a 

nitrogen atmosphere. After the reaction was completed as detected by TLC, the reaction 15 

liquid was diluted with water (100 mL) and extracted with ethyl acetate (80 mL × 3). The 

organic phases were combined, washed with saturated brine (80 mL × 2), dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 

solvent, and the residue was purified by silica gel column chromatography to give compound 

43C (3.7 g, yellow oily solid, yield: 83.0%). 20 

[0750] Step 3: synthesis of compound 43D 

[0751] Compound 43C (3.7 g, 8.68 mmol) was dissolved in trifluoroacetic acid (20 mL), 

and then trifluoromethanesulfonic acid (2 mL) was added. Then, the mixture was stirred at 

room temperature for 2 h. After the reaction was completed as detected by TLC, the reaction 

liquid was diluted with water (100 mL), adjusted to pH = 7-8 with a sodium bicarbonate 25 

solid, and then extracted with ethyl acetate (80 mL × 3). The organic phases were combined, 

then washed with saturated brine (50 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

silica gel column chromatography to give compound 43D (2.0 g, yellow oil, yield: 73.0%). 
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MS (ESI): m/z 306.1 308.0 [M+1]+ 

[0752] Step 4: synthesis of compound 43E 

[0753] Compound 43D (500 mg, 1.63 mmol) was dissolved in triethyl orthoformate (5 

mL), and then acetic anhydride (167 mg, 1.39 mmol) was added. Then, the mixture was 

stirred at 145 °C for 3 h. After the reaction was completed as detected by TLC, the mixture 5 

was concentrated under reduced pressure to remove the solvent to give a crude product of 

compound 43E (500 mg, brown solid). MS (ESI): m/z 362.1 364.0 [M+1]+ 

[0754] Step 5: synthesis of compound 43F 

[0755] Compound 43E (500 mg, 1.38 mmol) and compound 8-D (350 mg, 1.38 mmol) 

were dissolved in glacial acetic acid (5 mL), and then the mixture was stirred at 125 °C for 1 10 

h. After the reaction was completed as detected by TLC, the reaction liquid was cooled to 

room temperature, diluted with water (50 mL), adjusted to pH = 7-8 with a sodium 

bicarbonate solid, and then extracted with ethyl acetate (50 mL × 3). The organic phases were 

combined, dried over anhydrous sodium sulfate, filtered, and concentrated under reduced 

pressure to remove the solvent, and the residue was purified by a silica gel column to give 15 

compound 43F (200 mg, yellow solid, purity: 83.2%, yield: 21.2%). MS (ESI): m/z 285.1 

286.2 [M/2+1]+ 

[0756] Step 6: synthesis of compound 43 

[0757] Compound 43F (200 mg, 0.35 mmol) and 2-hydroxyethane-1-sulfonamide (53 

mg, 0.42 mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide 20 

(7 mg, 0.04 mmol), potassium phosphate (149 mg, 0.70 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (10 mg, 0.07 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 16 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (30 mL × 3). The organic phases were combined, washed with 25 

saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 43 (30 mg, yellow solid). MS (ESI): m/z 614.2. [M+1]+。1H NMR 

(300 MHz, DMSO-d6) δ(ppm) 12.88 (s, 1H), 10.30 (br.s, 1H), 9.21 (s, 1H), 8.60 (s, 1H), 8.13 
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(d, J = 1.1 Hz, 1H), 7.56 (d, J = 1.1 Hz, 1H), 7.36 (d, J = 2.1 Hz, 2H), 5.03 (br.s, 1H), 4.51 - 

4.39 (m, 4H), 3.78 (t, J = 6.4 Hz, 2H), 3.40 (t, J = 6.4 Hz, 2H), 3.20 (d, J = 10.9 Hz, 2H), 

2.86 (t, J = 11.4 Hz, 2H), 2.64 - 2.53 (m, 2H), 2.22 – 2.06 (m, 4H), 1.04 (d, J = 12.9 Hz, 2H), 

0.52 - 0.37 (m, 4H). 

[0758] Example 43: Preparation of Compound 44 5 

 

[0759] Step 1: synthesis of compound 44A 

[0760] Compound 3A (500 mg, 1.17 mmol) was dissolved in N-methyl-2-pyrrolidone (6 

mL), and then potassium carbonate (325 mg, 2.34 mmol) and isoindoline (220 mg, 1.4 mmol) 

were added. Then, the mixture was stirred at 120 °C for 16 h under a nitrogen atmosphere. 10 

After the reaction was completed as detected by TLC, water (30 mL) was added to the 

reaction liquid at 0 °C, and then the mixture was extracted with ethyl acetate (20 mL × 3). 

The organic phases were combined, washed with saturated brine (30 mL), dried over 

anhydrous sodium sulfate, then filtered to remove the drying agent, and concentrated under 

reduced pressure to remove the solvent, and the residue was purified by silica gel column 15 

chromatography to give a crude product of compound 44A (330 mg, 0.62 mmol, brownish-

yellow oil). MS (ESI): 264.6 265.6 [M/2+1]+ 

[0761] Step 2: synthesis of compound 44 

[0762] Compound 44A (330 mg, 0.62 mmol) and 2-hydroxyethane-1-sulfonamide (99 

mg, 0.81 mmol) were dissolved in N,N-dimethylformamide (6 mL), and then cuprous iodide 20 

(71 mg, 0.4 mmol), potassium phosphate (385 mg, 1.8 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (77 mg, 0.53 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 25 

saturated brine (10 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 
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under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 44 (25 mg, yellow solid). MS (ESI): m/z 573.1 [M+1]+  1H NMR 

(300 MHz, DMSO-d6) δ (ppm) 11.15 (s, 1H), 9.93 (s, 1H), 7.51 – 7.19 (m, 6H), 6.90 (s, 1H), 

6.72 (d, J = 8.5 Hz, 1H), 4.96 (t, J = 5.6 Hz, 1H), 4.59 (s, 4H), 3.83 – 3.67 (m, 6H), 3.33 (t, 

J = 5.6 Hz, 2H), 2.30 (s, 3H), 1.98 - 1.83 (m, 4H). 5 

[0763] Example 44: Preparation of Compound 45 

 

[0764] Preparation method: 

[0765] Step 1: synthesis of compound 45 

[0766] Compound 15G (400 mg, 0.71 mmol) and methanesulfonamide (79 mg, 0.85 10 

mmol) were dissolved in N,N-dimethylformamide (8 mL), and then cuprous iodide (13 mg, 

0.07 mmol), potassium phosphate (295 mg, 1.42 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (20 mg, 0.14 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (30 mL) and extracted with ethyl 15 

acetate (30 mL × 3). The organic phases were combined, washed with saturated brine (20 mL 

× 2), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

45 (150 mg, off-white solid). MS (ESI): m/z 288.5 [M/2+1]+。1H NMR (300 MHz, DMSO-

d6) δ(ppm) 12.92 (s, 1H), 10.25 (s, 1H), 8.30 (s, 1H), 8.10 (d, J = 8.6 Hz, 1H), 8.01 (d, J = 20 

5.4 Hz, 1H), 7.51 (d, J = 5.5 Hz, 1H), 7.26 (d, J = 2.1 Hz, 1H), 7.13 (dd, J = 8.6, 2.1 Hz, 1H), 

3.86 - 3.76 (m, 4H), 3.12 (s, 3H), 3.04 - 2.95 (m, 4H), 2.27 – 2.05 (m, 5H), 1.89 - 1.64 (m, 

3H), 0.39 (s, 4H). 

[0767] Example 45: Preparation of Compound 46 
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[0768] Step 5: synthesis of compound 46 

[0769] Compound 34E (600 mg, 1.07 mmol) and methanesulfonamide (132 mg, 1.4 

mmol) were dissolved in N,N-dimethylformamide (6 mL), and then cuprous iodide (120 mg, 

0.64 mmol), potassium phosphate (654 mg, 3.1 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-5 

cyclohexanediamine (132 mg, 0.92 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (20 mL × 3). The organic phases were combined, washed with saturated brine (8 mL 

× 3), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 10 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

46 (101 mg, off-white solid). MS (ESI): m/z 289.7 [M/2+1]+ 。 1H NMR (300 MHz, DMSO-

d6) δ 13.03 (s, 1H), 10.27 (s, 1H), 8.43 (s, 1H), 8.09 (d, J = 8.6 Hz, 1H), 7.40 (d, J = 7.2 Hz, 

1H), 7.27 (d, J = 2.2 Hz, 1H), 7.14 (dd, J = 8.6, 2.1 Hz, 1H), 4.41 (s, 4H), 3.13 (s, 3H), 2.99 

(s, 4H), 2.23 - 1.99 (m, 5H), 1.73 (s, 3H), 0.41 (s, 4H). 15 

[0770] Example 46: Preparation of Compound 47 

 

[0771] Step 1: synthesis of compound 47 

[0772] Compound 22F (200 mg, 0.4 mmol) and methanesulfonamide (45 mg, 0.52 mmol) 

were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide (42 mg, 0.24 20 

mmol), potassium phosphate (226 mg, 1.16 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-
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cyclohexanediamine (45 mg, 0.34 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (10 mL × 3). The organic phases were combined, washed with saturated brine (8 mL), 

dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 5 

remove the solvent, and the residue was purified by preparative HPLC to give compound 47 

(81 mg, yellow solid). MS (ESI):m/z 559.1 [M+1]+。1H NMR (300 MHz, DMSO-d6) δ(ppm) 

12.69 (s, 1H), 11.34 (s, 1H), 10.19 (s, 1H), 8.15 – 8.04 (m, 2H), 7.46 (t, J = 2.8 Hz, 1H), 7.24 

(d, J = 2.1 Hz, 1H), 7.11 (dd, J = 8.6, 2.1 Hz, 1H), 6.50 – 6.43 (m, 1H), 3.59 - 3.51 (m, 4H), 

3.11 (s, 3H), 3.04 - 2.95 (m, 4H), 2.29 - 2.10 (m, 5H), 1.94 - 1.59 (m, 3H), 0.39 (s, 4H). 10 

[0773] Example 47: Preparation of Compound 48 

 

[0774] Preparation method: 

[0775] Step 1: synthesis of compound 48 

[0776] Compound 25H (400 mg, 0.71 mmol) and methanesulfonamide (82 mg, 0.85 15 

mmol) were dissolved in N,N-dimethylformamide (8 mL), and then cuprous iodide (14 mg, 

0.07 mmol), potassium phosphate (304 mg, 1.42 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (20 mg, 0.14 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (50 mL) and extracted with ethyl 20 

acetate (50 mL × 3). The organic phases were combined, washed with saturated brine (40 mL 

× 2), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

48 (180 mg, off-white solid). MS (ESI): m/z 287.7 [M/2+1]+。1H NMR (300 MHz, DMSO-

d6) δ(ppm) 12.52 (s, 1H), 10.24 (br.s, 1H), 8.24 (s, 1H), 8.08 (d, J = 8.6 Hz, 1H), 7.82 (s, 1H), 25 
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7.23 (d, J = 2.2 Hz, 1H), 7.10 (dd, J = 8.6, 2.1 Hz, 1H), 4.34 - 4.23 (m, 4H), 4.14 (s, 3H), 

3.10 (s, 3H), 3.03 - 2.96 (m, 4H), 2.19 - 1.98 (m, 5H), 1.89 - 1.58 (m, 3H), 0.40 (s, 4H). 

[0777] Example 48: Preparation of Compound 49 

 5 

[0778] Step 1: synthesis of compound 49-2 

[0779] Compound 49-1 (50 g, 232.2 mmol) was dissolved in diethylene glycol (600 mL), 

and then potassium hydroxide (59.8 g, 1.07 mol) and hydrazine hydrate (62.9 g, 1.07 mol) 

were added under an ice bath. Then, the mixture was stirred at 180 °C for 5 h. After the 

reaction was completed as detected by LCMS, the reaction liquid was cooled to room 10 

temperature, diluted with water (500 mL), and extracted with methyl tert-butyl ether (500 

mL × 3). The organic phases were combined, washed with saturated brine (300 mL), dried 

over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove 

the solvent to give a crude product of compound 49-2 (50 g, pale yellow oil). MS (ESI): m/z 

202.2 [M+1]+ 15 

[0780] Step 2: synthesis of compound 49-3 

[0781] A solution of hydrochloric acid in ethyl acetate (200 mL, 4 mol/L) was added to 

the crude product of compound 49-2 (50 g, 248.4 mmol) under an ice bath, and then 

methanol (200 mL) was added. Then, the mixture was stirred at 45 °C for 96 h under a 

hydrogen atmosphere. After the reaction was completed as detected by LCMS, the reaction 20 
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liquid was filtered through celite, and then the filtrate was concentrated under reduced 

pressure to remove the solvent to give a crude product of compound 49-3 (20 g, pale yellow 

solid). 

[0782] Step 3: synthesis of compound 49-4 

[0783] Compound 6D (20 g, 85.8 mmol) was dissolved in N-methylpyrrolidone (200 5 

mL), and then compound 49-3 (40 g, 257 mmol) and potassium carbonate (71 g, 515 mmol) 

were added. Then, the mixture was stirred at 120 °C for 16 h. After the reaction was 

completed as detected by TLC, the reaction liquid was cooled to room temperature, diluted 

with water (1000 mL), and extracted with ethyl acetate (300 mL × 3). The organic phases 

were combined, washed with saturated brine (100 mL × 3), dried over anhydrous sodium 10 

sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and the 

residue was purified by silica gel column chromatography to give compound 49-4 (20 g, 

pale yellow oil, purity: 80.2%, yield: 57.6%). MS (ESI): m/z 324.0 326.0 [M+1]+ 

[0784] Step 4: synthesis of compound 49A 

[0785] Compound 49-4 (20 g, 61.7 mmol) was dissolved in methanol (150 mL), water 15 

(150 mL), and tetrahydrofuran (150 mL), and then lithium hydroxide monohydrate (5.2 g, 

123 mmol) was added under an ice bath. Then, the mixture was stirred at 50 °C for 16 h. 

After the reaction was completed as detected by TLC, the reaction liquid was concentrated 

under reduced pressure to remove the methanol and tetrahydrofuran, and then adjusted to pH 

= 5-6 by adding 1 N hydrochloric acid. A white solid was precipitated, and the mixture was 20 

filtered. The filter cake was washed with water (200 mL), collected, and dried to give 

compound 49A (17.5 g, white solid, purity: 90.8%, yield: 83.0%). MS (ESI): m/z 310.0 312.0 

[M+1]+。 

[0786] 1H NMR (300 MHz, Chloroform-d) δ(ppm) 8.16 (d, J = 8.4 Hz, 1H), 7.61 (d, J = 

1.9 Hz, 1H), 7.54 (dd, J = 8.4, 1.8 Hz, 1H), 3.08 - 3.01 (m, 2H), 2.95 - 2.89 (m, 2H), 2.44 - 25 

2.37 (m, 2H), 1.99 – 1.80 (m, 5H), 1.71 - 1.69 (m, 1H). 

[0787] Step 5: synthesis of compound 49B 

[0788] Compound 49A (1.0 g, 3.27 mmol) was dissolved in dichloromethane (10 mL), 

and then oxalyl chloride (1.0 g, 8.18 mmol) was added dropwise under an ice bath. Then, the 
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mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). A mixture of 

compound 15F (880 mg, 1.80 mmol) and N,N-diisopropylethylamine (1.7 g, 13.1 mmol) 

was added at room temperature, and then the reaction liquid was stirred at 50 °C for 1 h. After 5 

the reaction was completed as detected by TLC, the reaction liquid was diluted with water 

(80 mL) and extracted with ethyl acetate (60 mL × 3). The organic phases were combined, 

washed with saturated brine (30 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 49B (1.2 g, yellow solid, purity: 70.2%, yield: 45.9%). 10 

MS (ESI): m/z 281.0 282.3 [M/2+1]+ 

[0789] Step 6: synthesis of compound 49 

[0790] Compound 49B (100 mg, 0.18 mmol) and methanesulfonamide (20 mg, 0.22 

mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide (3 mg, 

0.02 mmol), potassium phosphate (76 mg, 0.36 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-15 

cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (20 mL) and extracted with ethyl 

acetate (15 mL × 3). The organic phases were combined, washed with saturated brine (10 

mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 20 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

49 (30 mg, off-white solid). MS (ESI): m/z 288.7 [M/2+1]+。1H NMR (300 MHz, DMSO-

d6) δ(ppm) 10.57 (s, 1H), 10.04 (s, 1H), 8.32 (s, 1H), 8.00 (d, J = 5.4 Hz, 1H), 7.68 (d, J = 

8.4 Hz, 1H), 7.51 (d, J = 5.4 Hz, 1H), 7.12 (d, J = 2.1 Hz, 1H), 6.99 (dd, J = 8.4, 2.0 Hz, 1H), 

3.81 - 3.70 (m, 4H), 3.09 - 2.96 (m, 5H), 2.80 (d, J = 10.6 Hz, 2H), 2.29 – 2.02 (m, 6H), 1.98 25 

- 1.88 (m, 2H), 1.62 - 1.43 (m, 4H). 

[0791] Example 49: Preparation of Compound 50 
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[0792] Preparation method: 

[0793] Step 1: synthesis of compound 50 

[0794] Compound 49B (100 mg, 0.18 mmol) and 2-hydroxyethane-1-sulfonamide (27 

mg, 0.22 mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide 5 

(3 mg, 0.02 mmol), potassium phosphate (76 mg, 0.36 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (20 mL × 3). The organic phases were combined, washed with 10 

saturated brine (10 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 50 (30 mg, off-white solid). MS (ESI): m/z 303.6 [M/2+1]+。1H 

NMR (300 MHz, DMSO-d6) δ(ppm) 10.58 (s, 1H), 10.02 (br.s, 1H), 8.32 (s, 1H), 8.00 (d, J 

= 5.4 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.51 (d, J = 5.4 Hz, 1H), 7.13 (d, J = 2.0 Hz, 1H), 15 

6.98 (dd, J = 8.4, 1.9 Hz, 1H), 4.95 (br.s, 1H), 3.78 – 3.73 (m, 6H), 3.31 (t, J = 6.7 Hz, 2H), 

3.06 - 2.98 (m, 2H), 2.79 (d, J = 10.6 Hz, 2H), 2.25 – 2.06 (m, 6H), 1.98 - 1.89 (m, 2H), 1.58 

- 1.45 (m, 4H). 

[0795] Example 50: Preparation of Compound 51 

 20 

[0796] Step 1: synthesis of compound 51 

[0797] Compound 51A (180 mg, 0.3 mmol) and 2-hydroxyethane-1-sulfonamide (54 mg, 
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0.4 mmol) were dissolved in N,N-dimethylformamide (5 mL), and then cuprous iodide (36 

mg, 0.18 mmol), potassium phosphate (198 mg, 0.87 mmol), and (1R,2R)-(-)-N,N'-dimethyl-

1,2-cyclohexanediamine (42 mg, 0.26 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by LCMS, the reaction liquid was cooled to room temperature, diluted with water 5 

(10 mL), and extracted with ethyl acetate (8 mL × 3). The organic phases were combined, 

washed with saturated brine (8 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

preparative HPLC to give compound 51 (50 mg, yellow solid). MS (ESI): m/z 304.7 

[M/2+1]+。1H NMR (300 MHz, DMSO-d6) δ(ppm) 10.65 (s, 1H), 10.05 (br.s, 1H), 8.51 (s, 10 

1H), 7.70 (d, J = 8.5 Hz, 1H), 7.40 (d, J = 7.2 Hz, 1H), 7.17 (d, J = 2.1 Hz, 1H), 7.00 (dd, J 

= 8.5, 2.0 Hz, 1H), 4.95 (br.s, 1H), 4.44 - 4.31 (m, 4H), 3.75 (t, J = 6.6 Hz, 2H), 3.32 (t, J = 

6.6 Hz, 2H), 3.03 – 2.94 (m, 2H), 2.80 (d, J = 10.5 Hz, 2H), 2.31 - 2.22 (m, 2H), 2.16 – 1.95 

(m, 6H), 1.66 – 1.47 (m, 4H). 

[0798] Example 51: Preparation of Compound 52 15 

 

[0799] Step 1: synthesis of compound 51A 

[0800] Compound 49A (456 mg, 1.5 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (468 mg, 3.8 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 20 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 
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the residue was dissolved in anhydrous tetrahydrofuran (5 mL). Compound 34D (400 mg, 

1.5 mmol) and N,N-diisopropylethylamine (761 mg, 6.0 mmol) were added at room 

temperature, and then the reaction liquid was stirred at 25 °C for 2 h. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 5 

saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 

column to give compound 51A (725 mg, yellow solid, yield: 86.6%). MS (ESI): m/z 563.1 

565.1 [M+1]+ 

[0801] Step 2: synthesis of compound 52 10 

[0802] Compound 51A (180 mg, 0.3 mmol) and methanesulfonamide (42 mg, 0.4 mmol) 

were dissolved in N,N-dimethylformamide (5 mL), and then cuprous iodide (36 mg, 0.18 

mmol), potassium phosphate (198 mg, 0.87 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (42 mg, 0.26 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 15 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (8 mL × 3). The organic phases were combined, washed with saturated brine (8 mL), 

dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 

remove the solvent, and the residue was purified by preparative HPLC to give compound 52 

(60 mg, yellow solid). MS (ESI): m/z 289.5 [M/2+1]+。1H NMR (300 MHz, DMSO-d6) 20 

δ(ppm) 10.64 (s, 1H), 10.08 (s, 1H), 8.51 (s, 1H), 7.71 (d, J = 8.5 Hz, 1H), 7.40 (d, J = 7.2 

Hz, 1H), 7.15 (d, J = 2.1 Hz, 1H), 7.01 (dd, J = 8.5, 2.0 Hz, 1H), 4.43 - 4.32 (m, 4H), 3.08 

(s, 3H), 2.99 (dd, J = 10.5, 3.6 Hz, 2H), 2.86 – 2.76 (m, 2H), 2.30 - 2.21 (m, 2H), 2.14 - 1.95 

(m, 6H), 1.65 – 1.45 (m, 4H). 

[0803] Example 52: Preparation of Compound 53 25 
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[0804] Step 1: synthesis of compound 53A 

[0805] Compound 49A (438 mg, 1.42 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (450 mg, 3.55 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 5 

then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). A mixture of 

compound 23H (360 mg, 1.42 mmol) and N,N-diisopropylethylamine (731 mg, 5.68 mmol) 

was added at room temperature, and then the reaction liquid was stirred at 50 °C for 1 h. After 

the reaction was completed as detected by TLC, the reaction liquid was diluted with water 

(40 mL) and extracted with ethyl acetate (30 mL × 3). The organic phases were combined, 10 

washed with saturated brine (20 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 53A (350 mg, yellow solid, yield: 45.2%). MS (ESI): 

m/z 546.1 548.1 [M+1]+ 

[0806] Step 2: synthesis of compound 53 15 

[0807] Compound 53A (150 mg, 0.27 mmol) and methanesulfonamide (31 mg, 0.32 

mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide (5 mg, 

0.03 mmol), potassium phosphate (116 mg, 0.54 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (8 mg, 0.05 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 20 

detected by TLC, the reaction liquid was diluted with water (20 mL) and extracted with ethyl 

acetate (15 mL × 3). The organic phases were combined, washed with saturated brine (10 

mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

53 (30 mg, off-white solid). MS (ESI): m/z 561.2 [M+1]+。1H NMR (300 MHz, DMSO-d6) 25 

δ(ppm) 10.92 (s, 1H), 10.09 (br.s, 1H), 9.04 (s, 1H), 8.50 (s, 1H), 7.74 (d, J = 8.5 Hz, 1H), 

7.17 (d, J = 2.0 Hz, 1H), 7.06 – 6.96 (m, 1H), 4.39 - 4.32 (m, 4H), 3.08 (s, 3H), 3.02 - 2.96 

(m, 2H), 2.82 (d, J = 10.7 Hz, 2H), 2.29 - 2.22 (m, 2H), 2.20 – 1.94 (m, 6H), 1.63 - 1.50 (m, 

4H). 
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[0808] Example 53: Preparation of Compound 54 

 

[0809] Step 1: synthesis of compound 54 

[0810] Compound 53A (150 mg, 0.27 mmol) and 2-hydroxyethane-1-sulfonamide (41 

mg, 0.32 mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide 5 

(5 mg, 0.03 mmol), potassium phosphate (116 mg, 0.54 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (8 mg, 0.05 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 10 

saturated brine (10 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 54 (30 mg, off-white solid). MS (ESI): m/z 591.2 [M+1]+。1H 

NMR (300 MHz, DMSO-d6) δ(ppm) 10.92 (s, 1H), 10.06 (br.s, 1H), 9.04 (s, 1H), 8.50 (s, 

1H), 7.73 (d, J = 8.5 Hz, 1H), 7.19 (d, J = 2.0 Hz, 1H), 7.01 (dd, J = 8.5, 2.0 Hz, 1H), 4.95 15 

(br.s, 1H), 4.42 - 4.28 (m, 4H), 3.75 (t, J = 6.5 Hz, 2H), 3.32 (t, J = 6.5 Hz, 2H), 3.03 – 2.92 

(m, 2H), 2.82 (d, J = 10.6 Hz, 2H), 2.29 - 2.21 (m, 2H), 2.20 – 1.92 (m, 6H), 1.66 – 1.46 (m, 

4H). 

[0811] Example 54: Preparation of Compound 55 

 20 

[0812] Step 1: synthesis of compound 55 

[0813] Compound 55A (150 mg, 0.27 mmol) and 2-hydroxyethane-1-sulfonamide (40 
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mg, 0.32 mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide 

(4 mg, 0.03 mmol), potassium phosphate (114 mg, 0.54 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (8 mg, 0.05 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 5 

extracted with ethyl acetate (20 mL × 3). The organic phases were combined, washed with 

saturated brine (10 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 55 (30 mg, off-white solid). MS (ESI): m/z 302.7 [M/2+1]+。1H 

NMR (300 MHz, DMSO-d6) δ(ppm) 10.04 (s, 1H), 9.94 (br.s, 1H), 8.20 (s, 1H), 7.78 (s, 1H), 10 

7.61 (d, J = 8.4 Hz, 1H), 7.07 (d, J = 2.0 Hz, 1H), 6.93 (dd, J = 8.4, 2.0 Hz, 1H), 4.91 (br.s, 

1H), 4.25 - 4.17 (m, 4H), 4.11 (s, 3H), 3.72 (t, J = 6.6 Hz, 2H), 3.27 (t, J = 6.7 Hz, 2H), 3.04 

– 2.95 (m, 2H), 2.74 (d, J = 10.6 Hz, 2H), 2.22 - 2.16 (m, 2H), 2.09 – 1.89 (m, 6H), 1.53 - 

1.41 (m, 4H). 

[0814] Example 55: Preparation of Compound 56 15 

 

[0815] Step 1: synthesis of compound 55A 

[0816] Compound 49A (556 mg, 1.80 mmol) was dissolved in dichloromethane (10 mL), 

and then oxalyl chloride (570 mg, 4.50 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 20 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). A mixture of 

compound 25G (480 mg, 1.80 mmol) and N,N-diisopropylethylamine (928 mg, 7.20 mmol) 

was added at room temperature, and then the reaction liquid was stirred at 50 °C for 1 h. After 

the reaction was completed as detected by TLC, the reaction liquid was diluted with water 25 

(50 mL) and extracted with ethyl acetate (40 mL × 3). The organic phases were combined, 
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washed with saturated brine (30 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 55A (350 mg, yellow solid, yield: 34.8%). MS (ESI): 

m/z 559.2 561.2 [M+1]+ 

[0817] Step 2: synthesis of compound 56 5 

[0818] Compound 55A (150 mg, 0.27 mmol) and methanesulfonamide (31 mg, 0.32 

mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide (4 mg, 

0.03 mmol), potassium phosphate (114 mg, 0.54 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (8 mg, 0.05 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 10 

detected by TLC, the reaction liquid was diluted with water (20 mL) and extracted with ethyl 

acetate (15 mL × 3). The organic phases were combined, washed with saturated brine (10 mL 

× 3), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

56 (30 mg, off-white solid). MS (ESI): m/z 287.6 [M/2+1]+。1H NMR (300 MHz, DMSO-15 

d6) δ(ppm) 10.03 (s, 1H), 9.97 (br.s, 1H), 8.20 (s, 1H), 7.78 (s, 1H), 7.62 (d, J = 8.5 Hz, 1H), 

7.06 (d, J = 2.0 Hz, 1H), 6.93 (dd, J = 8.4, 2.0 Hz, 1H), 4.24 - 4.18 (m, 4H), 4.11 (s, 3H), 

3.04 - 2.96 (m, 5H), 2.75 (d, J = 10.5 Hz, 2H), 2.22 - 2.15 (m, 2H), 2.07 - 1.89 (m, 6H), 1.56 

– 1.42 (m, 4H). 

[0819] Example 56: Preparation of Compound 57 20 

 

[0820] Step 1: synthesis of compound 57 

[0821] Compound 23I (100 mg, 0.18 mmol) and methanesulfonamide (21 mg, 0.22 

mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide (4 mg, 

0.02 mmol), potassium phosphate (78 mg, 0.36 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-25 
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cyclohexanediamine (5 mg, 0.36 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (20 mL × 3). The organic phases were combined, washed with saturated brine (10 mL 

× 2), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 5 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

57 (30 mg, off-white solid). MS (ESI): m/z 281.2 [M/2+1]+。1H NMR (300 MHz, DMSO-

d6) δ(ppm) 13.28 (s, 1H), 10.29 (s, 1H), 8.95 (s, 1H), 8.49 (s, 1H), 8.10 (d, J = 8.7 Hz, 1H), 

7.29 (d, J = 2.2 Hz, 1H), 7.15 (dd, J = 8.6, 2.1 Hz, 1H), 4.43 - 4.32 (m, 4H), 3.13 (s, 3H), 

3.06 – 2.93 (m, 4H), 2.35 – 1.43 (m, 8H), 0.41 (s, 4H). 10 

[0822] Example 57: Preparation of Compound 58 

 

[0823] Step 1: synthesis of compound 58 

[0824] Compound 27H (200 mg, 0.37 mmol) and methanesulfonamide (42 mg, 0.44 

mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide (7 mg, 15 

0.04 mmol), potassium phosphate (156 mg, 0.74 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (10 mg, 0.07 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (20 mL) and extracted with ethyl 

acetate (20 mL × 3). The organic phases were combined, washed with saturated brine (10 mL 20 

× 2), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

58 (30 mg, off-white solid). MS (ESI): m/z 560.2 [M+1]+。1H NMR (300 MHz, DMSO-d6) 

δ(ppm) 12.81 (s, 1H), 10.24 (s, 1H), 8.71 (d, J = 0.8 Hz, 1H), 8.53 (s, 1H), 8.08 (d, J = 8.6 

Hz, 1H), 7.87 (s, 1H), 7.26 (d, J = 2.2 Hz, 1H), 7.14 (dd, J = 8.6, 2.1 Hz, 1H), 4.03 - 3.92 (m, 25 
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4H), 3.12 (s, 3H), 3.03 - 2.94 (m, 4H), 2.28 – 1.53 (m, 8H), 0.40 (s, 4H). 

[0825] Example 58: Preparation of Compound 59 

 

[0826] Step 1: synthesis of compound 59A 

[0827] Compound 49A (525 mg, 1.70 mmol) was dissolved in dichloromethane (10 mL), 5 

and then oxalyl chloride (540 mg, 4.25 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). A mixture of 

compound 27G (430 mg, 1.70 mmol) and N,N-diisopropylethylamine (877 mg, 6.80 mmol) 10 

was added at room temperature, and then the reaction liquid was stirred at 50 °C for 1 h. After 

the reaction was completed as detected by TLC, the reaction liquid was diluted with water 

(80 mL) and extracted with ethyl acetate (60 mL × 3). The organic phases were combined, 

washed with saturated brine (30 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 15 

a silica gel column to give compound 59A (450 mg, yellow solid, purity: 75.1%, yield: 

36.5%). MS (ESI): m/z 273.1 273.9 [M/2+1]+ 

[0828] Step 2: synthesis of compound 59 

[0829] Compound 59A (200 mg, 0.37 mmol) and 2-hydroxyethane-1-sulfonamide (55 

mg, 0.44 mmol) were dissolved in N,N-dimethylformamide (6 mL), and then cuprous iodide 20 

(7 mg, 0.04 mmol), potassium phosphate (156 mg, 0.74 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (10 mg, 0.07 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (30 mL × 3). The organic phases were combined, washed with 25 

saturated brine (20 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 
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under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 59 (30 mg, off-white solid). MS (ESI): m/z 590.0 [M+1]+。1H NMR 

(300 MHz, DMSO-d6) δ(ppm) 10.45 (s, 1H), 10.02 (br.s, 1H), 8.77 (s, 1H), 8.53 (s, 1H), 7.85 

(s, 1H), 7.69 (d, J = 8.5 Hz, 1H), 7.15 (d, J = 2.1 Hz, 1H), 6.99 (dd, J = 8.4, 2.0 Hz, 1H), 4.94 

(br.s, 1H), 3.98 - 3.87 (m, 4H), 3.75 (t, J = 6.6 Hz, 2H), 3.31 (t, J = 6.6 Hz, 2H), 3.04 – 2.94 5 

(m, 2H), 2.79 (d, J = 10.6 Hz, 2H), 2.28 - 2.20 (m, 2H), 2.16 – 1.93 (m, 6H), 1.64 – 1.47 (m, 

4H). 

[0830] Example 59: Preparation of Compound 60 

 

[0831] Step 1: synthesis of compound 60 10 

[0832] Compound 59A (200 mg, 0.37 mmol) and methanesulfonamide (27 mg, 0.22 

mmol) were dissolved in N,N-dimethylformamide (6 mL), and then cuprous iodide (7 mg, 

0.04 mmol), potassium phosphate (156 mg, 0.74 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (10 mg, 0.07 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 15 

detected by TLC, the reaction liquid was diluted with water (20 mL) and extracted with ethyl 

acetate (30 mL × 3). The organic phases were combined, washed with saturated brine (20 mL 

× 3), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

60 (20 mg, off-white solid). MS (ESI): m/z 560.3 [M+1]+。 1H NMR (300 MHz, DMSO-d6) 20 

δ(ppm) 10.45 (s, 1H), 10.05 (br.s, 1H), 8.77 (s, 1H), 8.53 (s, 1H), 7.85 (s, 1H), 7.70 (d, J = 

8.4 Hz, 1H), 7.14 (d, J = 2.1 Hz, 1H), 7.00 (dd, J = 8.5, 2.0 Hz, 1H), 3.98 - 3.88 (m, 4H), 

3.07 (s, 3H), 2.99 (dd, J = 10.7, 3.7 Hz, 2H), 2.80 (d, J = 10.6 Hz, 2H), 2.28 - 2.21 (m, 2H), 

2.18 – 1.90 (m, 6H), 1.66 – 1.44 (m, 4H). 

[0833] Example 60: Preparation of Compound 61 25 
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[0834] Step 1: synthesis of compound 61 

[0835] Compound 24K (150 mg, 0.28 mmol) and methanesulfonamide (35 mg, 0.36 

mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide (32 mg, 

0.17 mmol), potassium phosphate (170 mg, 0.81 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-5 

cyclohexanediamine (34 mg, 0.24 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (15 mL × 3). The organic phases were combined, washed with saturated brine (8 mL 

× 2), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 10 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

61 (30 mg, yellow solid). MS (ESI): m/z 561.2 [M+1]+。1H NMR (300 MHz, DMSO-d6) 

δ(ppm) 13.08 (s, 1H), 10.27 (s, 1H), 9.37 (s, 1H), 8.79 (s, 1H), 8.09 (d, J = 8.6 Hz, 1H), 7.28 

(d, J = 2.2 Hz, 1H), 7.15 (dd, J = 8.7, 2.1 Hz, 1H), 4.54 - 4.38 (m, 4H), 3.13 (s, 3H), 3.04 - 

2.94 (m, 4H), 2.27 - 2.06 (m, 5H), 1.87 - 1.62 (m, 3H), 0.41 (s, 4H). 15 

[0836] Example 61: Preparation of Compound 62 

 

[0837] Step 1: synthesis of compound 62A 

[0838] Compound 49A (800 mg, 2.6 mmol) was dissolved in dichloromethane (10 mL), 

and then oxalyl chloride (821 mg, 6.5 mmol) was added dropwise under an ice bath. Then, 20 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 
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detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). Compound 22E (652 

mg, 2.6 mmol) and N,N-diisopropylethylamine (1.33 g, 10.4 mmol) were added at room 

temperature, and then the mixture was stirred at 25 °C for 1 h. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 5 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 

solvent, and the residue was purified by a silica gel column to give compound 62A (980 mg, 

1.8 mmol, yellow solid, yield: 69%). MS (ESI): m/z 272.6 273.4[M/2+1]+ 

[0839] Step 2: synthesis of compound 62 10 

[0840] Compound 62A (200 mg, 0.36 mmol) and 2-hydroxyethane-1-sulfonamide (60 

mg, 0.43 mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide 

(42 mg, 0.22 mmol), potassium phosphate (226 mg, 1.01 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (44 mg, 0.31 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 15 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 62 (52.7 mg, yellow solid). MS (ESI): m/z 589.1 [M+1]+。1H NMR 20 

(300 MHz, DMSO-d6) δ(ppm) 11.32 (s, 1H), 10.37 (s, 1H), 10.01 (s, 1H), 8.09 (s, 1H), 7.72 

(dd, J = 8.4, 1.4 Hz, 1H), 7.46 (t, J = 2.8 Hz, 1H), 7.15 (d, J = 2.2 Hz, 1H), 6.99 (dd, J = 8.5, 

2.0 Hz, 1H), 6.46 (dd, J = 3.0, 1.6 Hz, 1H), 4.94 (br.s, 1H), 3.74 (t, J = 6.6 Hz, 2H), 3.52 - 

3.44 (m, 4H), 3.31 (t, J = 6.7 Hz, 2H), 3.05 – 2.96 (m, 2H), 2.79 (d, J = 10.5 Hz, 2H), 2.26 – 

2.08 (m, 6H), 2.02 - 1.94 (m, 2H), 1.59 - 1.44 (m, 4H). 25 

[0841] Example 62: Preparation of Compound 63 
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[0842] Step 1: synthesis of compound 63 

[0843] Compound 62A (200 mg, 0.36 mmol) and methanesulfonamide (46 mg, 0.43 

mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide (42 mg, 

0.22 mmol), potassium phosphate (226 mg, 1.01 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-5 

cyclohexanediamine (44 mg, 0.31 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (15 mL × 3). The organic phases were combined, washed with saturated brine (8 mL 

× 3), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 10 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

63 (61.3 mg, yellow solid). MS (ESI): m/z 559.2 [M+1]+.1H NMR (300 MHz, DMSO-d6) 

δ(ppm) 11.32 (s, 1H), 10.37 (s, 1H), 10.03 (s, 1H), 8.10 (d, J = 1.8 Hz, 1H), 7.73 (d, J = 8.5 

Hz, 1H), 7.46 (t, J = 2.8 Hz, 1H), 7.14 (d, J = 2.1 Hz, 1H), 6.99 (dd, J = 8.4, 2.0 Hz, 1H), 

6.46 (s, 1H), 3.52 - 3.48 (m, 4H), 3.07 (s, J = 1.8 Hz, 3H), 3.06 – 2.97 (m, 2H), 2.80 (d, J = 15 

10.5 Hz, 2H), 2.25 - 2.10 (m, 6H), 2.03 - 1.93 (m, 2H), 1.59 - 1.44 (m, 4H). 

[0844] Example 63: Preparation of Compound 64 

 

[0845] Step 1: synthesis of compound 64A 

[0846] Compound 49A (729 mg, 2.4 mmol) was dissolved in dichloromethane (10 mL), 20 

and then oxalyl chloride (750 mg, 6 mmol) was added dropwise under an ice bath. Then, the 

mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 
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then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). Compound 24J (600 

mg, 2.4 mmol) and N,N-diisopropylethylamine (1.2 g, 9.6 mmol) were added at room 

temperature, and then the mixture was stirred at room temperature for 1 h. After the reaction 

was completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, dried over 5 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 

solvent, and the residue was purified by a silica gel column to give compound 64A (573 mg, 

yellow solid, yield: 45.8%). MS (ESI): m/z 273.6 274.5 [M/2+1]+ 

[0847] Step 2: synthesis of compound 64 

[0848] Compound 64A (180 mg, 0.33 mmol) and 2-hydroxyethane-1-sulfonamide (54 10 

mg, 0.43 mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide 

(376 mg, 0.20 mmol), potassium phosphate (203 mg, 0.96 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (40 mg, 0.28 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 15 

extracted with ethyl acetate (10 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

HPLC to give compound 64 (30.1 mg, yellow solid). MS (ESI): m/z 591.3 [M+1]+。1H NMR 

(300 MHz, DMSO-d6) δ(ppm) 10.67 (s, 1H), 10.05 (br.s, 1H), 9.37 (d, J = 1.2 Hz, 1H), 8.86 20 

(d, J = 1.1 Hz, 1H), 7.68 (d, J = 8.4 Hz, 1H), 7.16 (d, J = 2.2 Hz, 1H), 6.99 (d, J = 8.5 Hz, 

1H), 4.95 (br.s, 1H), 4.50 - 4.31 (m, 4H), 3.75 (t, J = 6.6 Hz, 2H), 3.31 (t, J = 7.1 Hz, 2H), 

2.98 (d, J = 10.5 Hz, 2H), 2.80 (d, J = 10.5 Hz, 2H), 2.28 – 2.06 (m, 6H), 1.99 - 1.90 (m, 2H), 

1.65 – 1.44 (m, 4H). 

[0849] Example 64: Preparation of Compound 65 25 
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[0850] Step 1: synthesis of compound 65 

[0851] Compound 64A (180 mg, 0.33 mmol) and methanesulfonamide (41 mg, 0.43 

mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide (376 mg, 

0.20 mmol), potassium phosphate (203 mg, 0.96 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-5 

cyclohexanediamine (40 mg, 0.28 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (15 mL × 3). The organic phases were combined, washed with saturated brine (8 mL 

× 3), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 10 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

65 (37.7 mg, yellow solid). MS (ESI): m/z 561.2 [M+1]+。1H NMR (300 MHz, DMSO-d6) 

δ(ppm) 10.66 (s, 1H), 10.08 (br.s, 1H), 9.37 (d, J = 1.3 Hz, 1H), 8.86 (d, J = 1.4 Hz, 1H), 

7.70 (d, J = 8.5 Hz, 1H), 7.14 (d, J = 2.1 Hz, 1H), 7.00 (dd, J = 8.4, 2.0 Hz, 1H), 4.50 - 4.33 

(m, 4H), 3.07 (s, 3H), 2.99 (d, J = 10.6 Hz, 2H), 2.81 (d, J = 10.6 Hz, 2H), 2.27 - 2.06 (m, 15 

6H), 2.00 - 1.91 (m, 2H), 1.65 - 1.44 (m, 4H). 

[0852] Example 65: Preparation of Compound 66 

 

[0853] Preparation method: 

[0854] Step 1: synthesis of compound 66B 20 

[0855] Compound 66A (180 mg, 0.29 mmol) and methanesulfonamide (35 mg, 0.09 

mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide (33 mg, 

0.17 mmol), potassium phosphate (176 mg, 0.84 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-
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cyclohexanediamine (34 mg, 0.25 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (20 mL × 3). The organic phases were combined, washed with saturated brine (8 mL 

× 3), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 5 

to remove the solvent, and the residue was purified by a silica gel column to give compound 

66B (120 mg, yellow solid, yield: 65%). MS (ESI): m/z 281.1[M-THP/2+1]+ 

[0856] Step 2: synthesis of compound 66 

[0857] Compound 66B (120 mg, 0.19 mmol) was dissolved in a solution of hydrochloric 

acid in ethyl acetate (3 mL), and then the mixture was stirred at room temperature for 0.5 h. 10 

After the reaction was completed as detected by TLC, the mixture was concentrated under 

reduced pressure to remove the solvent, and the residue was purified by preparative HPLC 

to give compound 66 (42.1 mg, white solid). MS (ESI): m/z 281.1 [M/2+1]+。1H NMR (300 

MHz, DMSO-d6) δ(ppm) 15.73 (s, 1H), 10.47 (s, 1H), 10.07 (br.s, 1H), 7.86 (d, J = 1.6 Hz, 

1H), 7.66 (d, J = 8.4 Hz, 1H), 7.10 (d, J = 2.3 Hz, 1H), 6.98 (dd, J = 8.4, 2.1 Hz, 1H), 4.42 - 15 

4.27 (m, 4H), 3.10 – 2.97 (m, 5H), 2.79 (d, J = 10.6 Hz, 2H), 2.27 - 2.17 (m, 2H), 2.14 – 2.00 

(m, 4H), 1.97 - 1.90 (m, 2H), 1.61 - 1.43 (m, 4H). 

[0858] Example 66: Preparation of Compound 67 

 

[0859] Step 1: synthesis of compound 66A 20 

[0860] Compound 49A (457 mg, 1.5 mmol) and compound 28G (625 mg, 1.8 mmol) 

were dissolved in pyridine (10 mL), and then phosphorus oxychloride (1.4 mg, 9 mmol) was 

added dropwise under an ice bath. Then, the mixture was stirred at room temperature for 3 h. 

After the reaction was completed as detected by TLC, the reaction liquid was adjusted to pH 

= 6 by adding a 1 N hydrochloric acid solution under an ice bath and then extracted with 25 

ethyl acetate (15 mL × 3). The organic phases were combined, dried over anhydrous sodium 

sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and the 
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residue was purified by a silica gel column to give compound 66A (360 mg, yellow solid, 

yield: 38%). MS (ESI): m/z 273.6 274.3[M-THP/2+1]+ 

[0861] Step 2: synthesis of compound 67A 

[0862] Compound 66A (180 mg, 0.29 mmol) and 2-hydroxyethane-1-sulfonamide (46 

mg, 0.09 mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide 5 

(33 mg, 0.17 mmol), potassium phosphate (176 mg, 0.84 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (34 mg, 0.25 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (10 mL × 3). The organic phases were combined, washed with 10 

saturated brine (8 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 

column to give compound 67A (180 mg, yellow solid, yield: 89.6%). MS (ESI): m/z 

296.2[M-THP/2+1]+ 

[0863] Step 3: synthesis of compound 67 15 

[0864] Compound 67A (180 mg, 0.26 mmol) was dissolved in a solution of hydrochloric 

acid in ethanol (3 mL), and then the mixture was stirred at room temperature for 0.5 h. After 

the reaction was completed as detected by TLC, the mixture was concentrated under reduced 

pressure to remove the solvent, and the residue was purified by preparative HPLC to give 

compound 67 (47.5 mg, white solid). MS (ESI): m/z 296.2 [M/2+1]+. 1H NMR (300 MHz, 20 

DMSO-d6) δ(ppm) 15.59 (br.s, 1H), 10.48 (s, 1H), 10.03 (s, 1H), 7.86 (s, 1H), 7.65 (d, J = 

8.3 Hz, 1H), 7.12 (s, 1H), 7.02 – 6.90 (m, 1H), 4.95 (br.s, 1H), 4.42 - 4.31 (m, 4H), 3.74 (d, 

J = 6.7 Hz, 2H), 3.31 (t, J = 6.6 Hz, 2H), 3.01 (d, J = 9.9 Hz, 2H), 2.78 (d, J = 10.5 Hz, 2H), 

2.29 - 2.18 (m, 2H), 2.15 - 2.01 (m, 4H), 1.98 - 1.89 (m, 2H), 1.61 – 1.40 (m, 4H). 

[0865] Example 67: Preparation of Compound 68 25 
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[0866] Step 1: synthesis of compound 68A 

[0867] Compound 28H (200 mg, 0.32 mmol) and methanesulfonamide (39 mg, 0.42 

mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide (36 mg, 

0.19 mmol), potassium phosphate (195 mg, 0.93 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (39 mg, 0.28 mmol) were sequentially added. Then, the mixture was 5 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (10 mL) and extracted with ethyl 

acetate (15 mL × 3). The organic phases were combined, washed with saturated brine (8 mL 

× 3), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by a silica gel column to give compound 10 

68A (144 mg, yellow solid, yield: 68.7%). MS (ESI): m/z 281.2 [M-THP/2+1]+ 

[0868] Step 2: synthesis of compound 68 

[0869] Compound 68A (144 mg, 0.22 mmol) was dissolved in a solution of hydrochloric 

acid in ethyl acetate (3 mL). Then, the mixture was stirred at room temperature for 0.5 h. 

After the reaction was completed as detected by TLC, the mixture was concentrated under 15 

reduced pressure to remove the solvent, and the residue was purified by preparative HPLC 

to give compound 68 (50.6 mg, white solid). MS (ESI): m/z 281.2 [M/2+1]+。1H NMR (300 

MHz, DMSO-d6) δ(ppm) 15.60 (br.s, 1H), 12.99 (s, 1H), 10.27 (br.s, 1H), 8.10 (dd, J = 8.7, 

1.4 Hz, 1H), 7.85 (d, J = 1.4 Hz, 1H), 7.26 (d, J = 2.2 Hz, 1H), 7.13 (dd, J = 8.7, 2.0 Hz, 1H), 

4.49 - 4.32 (m, 4H), 3.12 (s, 3H), 3.05 - 2.94 (m, 4H), 2.29 - 2.02 (m, 5H), 1.91 - 1.55 (m, 20 

3H), 0.40 (s, 4H). 

[0870] Example 68: Preparation of Compound 69 



 

178 
 

 

 

[0871] Step 1: synthesis of compound 69A 

[0872] Compound 49A (646 mg, 2.09 mmol) was dissolved in dichloromethane (10 mL), 

and then oxalyl chloride (664 mg, 5.23 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 5 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). A mixture of 

compound 41C (780 mg, 2.09 mmol) and N,N-diisopropylethylamine (1.1 g, 8.36 mmol) 

was added at room temperature, and then the reaction liquid was stirred at 50 °C for 1 h. After 

the reaction was completed as detected by TLC, the reaction liquid was diluted with water 10 

(80 mL) and extracted with ethyl acetate (50 mL × 3). The organic phases were combined, 

washed with saturated brine (30 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

a silica gel column to give compound 69A (800 mg, yellow solid, purity: 81.2%, yield: 

46.7%). MS (ESI): m/z 332.9 334.2 [M/2+1]+ 15 

[0873] Step 2: synthesis of compound 69B 

[0874] Compound 69A (200 mg, 0.30 mmol) and methanesulfonamide (34 mg, 0.36 

mmol) were dissolved in N,N-dimethylformamide (6 mL), and then cuprous iodide (6 mg, 

0.03 mmol), potassium phosphate (128 mg, 0.60 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (9 mg, 0.06 mmol) were sequentially added. Then, the mixture was 20 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (50 mL) and extracted with ethyl 
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acetate (30 mL × 3). The organic phases were combined, washed with saturated brine (20 

mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by a silica gel column to give compound 

69B (100 mg, yellow oil, purity: 93.7%, yield: 45.9%). MS (ESI): m/z 340.7[M/2+1]+ 

[0875] Step 3: synthesis of compound 69 5 

[0876] Compound 69B (100 mg, 0.14 mmol) was dissolved in trifluoroacetic acid (2 mL), 

and then trifluoromethanesulfonic acid (0.2 mL) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (20 mL), then adjusted to pH = 

8 with a sodium bicarbonate solid, and extracted with ethyl acetate (20 mL × 3). The organic 10 

phases were combined, washed with saturated brine (30 mL), dried over anhydrous sodium 

sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and the 

residue was purified by preparative HPLC to give compound 69 (20 mg, off-white solid). 

MS (ESI): m/z 560.2 [M+1]+。1H NMR (300 MHz, DMSO-d6) δ(ppm) 13.94 (s, 1H), 10.31 

- 9.98 (m, 2H), 8.22 (s, 1H), 7.96 (s, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.10 (d, J = 2.1 Hz, 1H), 15 

6.97 (dd, J = 8.4, 1.9 Hz, 1H), 4.32 - 3.79 (m, 4H), 3.08 - 2.98 (m, 5H), 2.79 (d, J = 10.5 Hz, 

2H), 2.27 - 2.19 (m, 2H), 2.17 - 1.93 (m, 6H), 1.58 - 1.45 (m, 4H). 

[0877] Example 69: Preparation of Compound 70 

 

[0878] Step 1: synthesis of compound 70 20 

[0879] Compound 39E (100 mg, 0.18 mmol) and methanesulfonamide (21 mg, 0.22 

mmol) were dissolved in N,N-dimethylformamide (2 mL), and then cuprous iodide (3 mg, 

0.02 mmol), potassium phosphate (76 mg, 0.36 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 25 
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detected by TLC, the reaction liquid was diluted with water (20 mL) and extracted with ethyl 

acetate (10 mL × 3). The organic phases were combined, washed with saturated brine (10 

mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by preparative HPLC to give compound 

70 (8 mg, yellow solid). MS (ESI): m/z 286.6 [M/2+1]+。1H NMR (300 MHz, DMSO-d6) 5 

δ(ppm) 13.09 (s, 1H), 10.30 (s, 1H), 8.93 (d, J = 1.8 Hz, 1H), 8.69 (d, J = 1.8 Hz, 1H), 8.22 

– 8.06 (m, 2H), 7.27 (d, J = 2.1 Hz, 1H), 7.20 – 7.05 (m, 1H), 4.28 - 4.16 (m, 4H), 3.13 (s, 

3H), 3.06 - 2.98 (m, 4H), 2.33 – 1.56 (m, 8H), 0.41 (s, 4H). 

[0880] Example 70: Preparation of Compound 71 

 10 

[0881] Step 1: synthesis of compound 71A 

[0882] Compound 69A (200 mg, 0.30 mmol) and 2-hydroxyethane-1-sulfonamide (45 

mg, 0.36 mmol) were dissolved in N,N-dimethylformamide (6 mL), and then cuprous iodide 

(6 mg, 0.03 mmol), potassium phosphate (128 mg, 0.60 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (9 mg, 0.06 mmol) were sequentially added. Then, the 15 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (50 mL) and 

extracted with ethyl acetate (30 mL × 3). The organic phases were combined, washed with 

saturated brine (20 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by a silica gel 20 

column to give compound 71A (100 mg, yellow oil, purity: 88.5%, yield: 41.5%). MS (ESI): 

m/z 355.7 [M/2+1]+ 

[0883] Step 3: synthesis of compound 71 

[0884] Compound 71A (100 mg, 0.14 mmol) was dissolved in trifluoroacetic acid (2 mL), 

and then trifluoromethanesulfonic acid (0.2 mL) was added dropwise under an ice bath. Then, 25 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (20 mL), then adjusted to pH = 
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8 with a sodium bicarbonate solid, and extracted with ethyl acetate (20 mL × 3). The organic 

phases were combined, washed with saturated brine (30 mL), dried over anhydrous sodium 

sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and the 

residue was purified by a silica gel column to give a crude product of the compound, which 

was then purified by preparative thin layer chromatography to give compound 71 (30 mg, 5 

off-white solid). MS (ESI): m/z 590.3 [M+1]+。1H NMR (300 MHz, DMSO-d6) δ(ppm) 14.20 

- 13.23 (m, 1H), 10.51 – 9.92 (m, 2H), 8.32 – 7.79 (m, 2H), 7.72 - 7.61 (m, 1H), 7.11 (s, 1H), 

6.96 (d, J = 8.3 Hz, 1H), 4.96 (t, J = 5.7 Hz, 1H), 4.35 - 4.19 (m, 2H), 3.83 - 3.60 (m, 4H), 

3.31 (t, J = 5.7 Hz, 2H), 3.08 - 2.96 (m, 2H), 2.82 - 2.73 (m, 2H), 2.26 – 1.93 (m, 8H), 1.61 

- 1.44 (m, 4H). 10 

[0885] Example 71: Preparation of Compound 72 

 

[0886] Step 1: synthesis of compound 72A 

[0887] Compound 49A (408 mg, 1.32 mmol) was dissolved in dichloromethane (5 mL), 

and then oxalyl chloride (420 mg, 3.30 mmol) was added dropwise under an ice bath. Then, 15 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (10 mL). Compound 39D (350 

mg, 1.32 mmol) and N,N-diisopropylethylamine (512 mg, 3.96 mmol) were sequentially 

added at room temperature, and then the reaction liquid was stirred at 50 °C for 16 h. After 20 

the reaction was completed as detected by TLC, the reaction liquid was diluted with water 

(40 mL) and extracted with ethyl acetate (40 mL × 3). The organic phases were combined, 

dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 

remove the solvent, and the residue was purified by column chromatography to give 

compound 72A (200 mg, brownish-red solid, yield: 27.2%). 25 

[0888] MS (ESI): m/z 279.2 280.2 [M/2+1]+ 
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[0889] Step 2: synthesis of compound 72 

[0890] Compound 72A (100 mg, 0.18 mmol) and methanesulfonamide (21 mg, 0.22 

mmol) were dissolved in N,N-dimethylformamide (3 mL), and then cuprous iodide (3 mg, 

0.04 mmol), potassium phosphate (76 mg, 0.36 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-

cyclohexanediamine (5 mg, 0.04 mmol) were sequentially added. Then, the mixture was 5 

stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was completed as 

detected by TLC, the reaction liquid was diluted with water (20 mL) and extracted with ethyl 

acetate (10 mL × 3). The organic phases were combined, washed with saturated brine (10 

mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to remove the solvent, and the residue was purified by preparative high-performance liquid 10 

chromatography to give compound 72 (8 mg, orange-yellow solid). 

[0891] MS (ESI): m/z 286.6 [M/2+1]+. 

[0892] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 10.65 (s, 1H), 10.07 (br.s, 1H), 8.93 (d, J 

= 1.8 Hz, 1H), 8.69 (d, J = 1.8 Hz, 1H), 8.17 (s, 1H), 7.65 (d, J = 8.3 Hz, 1H), 7.09 (s, 1H), 

6.97 (d, J = 8.4 Hz, 1H), 4.22 - 4.14 (m, 4H), 3.08 - 2.99 (m, 5H), 2.85 - 2.77 (m, 2H), 2.26 15 

- 2.05 (m, 6H), 1.97 - 1.86 (m, 2H), 1.58 - 1.43 (m, 4H). 

[0893] Example 72: Preparation of Compound 73 

 

[0894] Compound 72A (200 mg, 0.36 mmol) and 2-hydroxyethane-1-sulfonamide (54 

mg, 0.44 mmol) were dissolved in N,N-dimethylformamide (6 mL), and then cuprous iodide 20 

(7 mg, 0.04 mmol), potassium phosphate (153 mg, 0.72 mmol), and (1R,2R)-(-)-N,N'-

dimethyl-1,2-cyclohexanediamine (10 mg, 0.08 mmol) were sequentially added. Then, the 

mixture was stirred at 120 °C for 2 h under a nitrogen atmosphere. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 

extracted with ethyl acetate (10 mL × 3). The organic phases were combined, washed with 25 

saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 
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under reduced pressure to remove the solvent, and the residue was purified by preparative 

chromatography to give compound 73 (55 mg, orange-yellow solid). 

[0895] MS (ESI): m/z 301.7 [M/2+1]+. 

[0896] 1H NMR (300 MHz, DMSO-d6) δ(ppm) 10.64 (s, 1H), 10.03 (br.s, 1H), 8.93 (t, J 

= 1.5 Hz, 1H), 8.68 (t, J = 1.6 Hz, 1H), 8.17 (s, 1H), 7.64 (d, J = 8.3 Hz, 1H), 7.11 (d, J = 2.1 5 

Hz, 1H), 6.97 (dd, J = 8.4, 1.8 Hz, 1H), 4.96 (br.s, 1H), 4.24 - 4.11 (m, 4H), 3.76 (t, J = 6.6 

Hz, 2H), 3.31 (t, J = 6.6 Hz, 2H), 3.07 - 2.98 (m, 2H), 2.84 - 2.75 (m, 2H), 2.25 – 2.06 (m, 

6H), 1.95 - 1.86 (m, 2H), 1.57 - 1.44 (m, 4H). 

[0897] Example 73: Preparation of Compound 74 

 10 

[0898] Compound 8-E (200 mg, 0.37 mmol) and sodium methanesulfinate (56 mg, 0.56 

mmol) were dissolved in dimethyl sulfoxide (5 mL), and then sodium hydroxide (3 mg, 0.074 

mmol), cuprous iodide (7 mg, 0.037 mmol), and L-proline (9 mg, 0.074 mmol) were 

sequentially added. Then, the mixture was stirred at 95 °C for 16 h under a nitrogen 

atmosphere. After the reaction was completed as detected by LCMS, the reaction liquid was 15 

diluted with water (20 mL) and extracted with ethyl acetate (20 mL × 3). The organic phases 

were combined, washed with saturated brine (10 mL × 3), dried over anhydrous sodium 

sulfate, filtered, and concentrated under reduced pressure to remove the solvent, and the 

residue was purified by silica gel column chromatography, and then purified by preparative 

chromatography to give compound 74 (5 mg, pale yellow solid). 20 

[0899] MS (ESI): m/z 273.0 [M/2+1]+. 

[0900] 1H NMR (400 MHz, DMSO-d6) δ(ppm) 12.80 (br.s, 1H), 8.85 (s, 1H), 8.30 (d, J = 

8.2 Hz, 1H), 8.11 (d, J = 1.1 Hz, 1H), 7.95 (d, J = 1.8 Hz, 1H), 7.85 (dd, J = 8.2, 1.7 Hz, 1H), 
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7.57 (d, J = 1.0 Hz, 1H), 4.48 - 4.39 (m, 4H), 3.31 (s, 3H), 3.14 - 3.08 (m, 4H), 2.18 – 2.07 

(m, 4H), 1.78 - 1.66 (m, 4H), 0.40 (s, 4H). 

[0901] Example 74: Preparation of Compound 75 

 

[0902] Step 1: synthesis of compound 75B 5 

[0903] Compound 75A (1 g, 3.98 mmol) was dissolved in methylpyrrolidone (10 mL), 

and then compound 3A1 (1.77 g, 15.92 mmol) and potassium carbonate (4.42 g, 31.84 mmol) 

were added. Then, the mixture was stirred at 120 °C for 16 h under a nitrogen atmosphere. 

After the reaction was completed as detected by LCMS, the reaction liquid was cooled to 

room temperature, diluted with water (50 mL), and extracted with ethyl acetate (50 mL × 3). 10 

The organic phases were combined, washed with saturated brine (30 mL ×3), dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 

solvent. The residue was purified by silica gel column chromatography to give compound 

75B (310 mg, yellow solid). 

[0904] MS (ESI): m/z 328.0[M+1]+ 15 

[0905] Step 2: synthesis of compound 75C 

[0906] Compound 75B (217.78 mg, 0.664 mmol) was dissolved in dichloromethane (5 

mL), and then oxalyl chloride (210.58 mg, 1.66 mmol) was added dropwise at 0 °C. The 

mixture was stirred at room temperature for 30 min. After the reaction was completed as 

detected by TLC, the mixture was concentrated to dryness by rotary evaporation to remove 20 

the solvent, and the residue was dissolved in tetrahydrofuran (3 mL). Then, compound 34D 

(180 mg, 0.664 mmol) and a solution of N,N-diisopropylethylamine in tetrahydrofuran (3 

mL) were added to the reaction liquid, and the mixture was stirred at 50 °C for one hour. 

After the reaction was completed as detected by LCMS, the reaction liquid was diluted with 

water (15 mL) and extracted with dichloromethane (20 mL × 3). The organic phases were 25 

combined, washed with saturated brine (10 mL), dried over anhydrous sodium sulfate, 
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filtered, and concentrated under reduced pressure to remove the solvent, and the residue was 

purified by silica gel column chromatography to give compound 75C (101 mg, yellow solid). 

[0907] Step 3: synthesis of compound 75 

[0908] Compound 75C (119 mg, 0.205 mmol) was dissolved in anhydrous N,N-

dimethylformamide (5 mL), and then methanesulfonamide (38.4 mg, 0.404 mmol), (1S,2S)-5 

(+)-N,N'-dimethyl-1,2-cyclohexanediamine (5.83 mg, 0.041 mmol), cuprous iodide (3.89 

mg, 0.0205 mmol), and anhydrous potassium phosphate (86.8 mg, 0.41 mmol) were added. 

Then, the mixture was stirred at 120 °C for 4 h under a nitrogen atmosphere. After the reaction 

was completed as detected by LCMS, the reaction liquid was diluted with water (15 mL) and 

extracted with ethyl acetate (20 mL × 3). The organic phases were combined, washed with 10 

saturated brine (10 mL), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to remove the solvent, and the residue was purified by 

chromatography to give compound 75 (71 mg, pale yellow solid). 

[0909] MS (ESI): m/z 298.6 [M/2+1]+. 

[0910] 1H NMR (400 MHz, DMSO-d6) δ(ppm) 10.59 (s, 1H), 10.08 (s, 1H), 8.38 (s, 1H), 15 

7.40 (d, J = 7.2 Hz, 1H), 6.72 – 6.60 (m, 2H), 4.43 - 4.29 (m, 4H), 3.12 - 3.02 (m, 5H), 2.74 

(d, J = 10.4 Hz, 2H), 2.19 – 1.98 (m, 6H), 1.64 (d, J = 7.3 Hz, 2H), 1.49 – 1.32 (m, 4H). 

[0911] Example 75: Preparation of Compound 76 

 

[0912] Step 1: synthesis of compound 76C 20 

[0913] A solution of compound 76A (9.2 g, 47.6 mmol) and compound 76B (11.3 g, 57.1 

mmol) in anhydrous N,N-dimethylformamide (50 mL) was slowly added to a solution of 
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potassium tert-butoxide (9.6 g, 85.7 mmol) in anhydrous N,N-dimethylformamide (40 mL) 

at -60 °C, and then the mixture was stirred at -60 °C for 0.5 h under a nitrogen atmosphere. 

After the reaction was completed as detected by TLC, the reaction was quenched with a 

saturated sodium bicarbonate solution (50 mL) at -60 °C, and the mixture was stirred for 0.5 

h. Then, a 3 N hydrochloric acid solution (100 mL) was slowly added, and the mixture was 5 

stirred for 0.5 h. Then, the mixture was warmed to room temperature and extracted with ethyl 

acetate (30 mL × 3). The organic phases were combined, washed with saturated brine (30 

mL), dried over anhydrous sodium sulfate, then filtered to remove the drying agent, and 

concentrated under reduced pressure to remove the solvent, and the residue was purified by 

silica gel column chromatography to give compound 76C (11.0 g, yellow oil). 10 

[0914] MS (ESI): m/z 234.1 [M+1]+ 

[0915] Step 2: synthesis of compound 76D 

[0916] Compound 76C (700 mg, 3.0 mmol) was dissolved in a solution of hydrochloric 

acid in ethyl acetate (10 mL), and then the mixture was stirred at 25 °C for 4 h. After the 

reaction was completed as detected by TLC, the reaction liquid was concentrated under 15 

reduced pressure to remove the solvent to give a crude product of compound 76D (500 mg, 

white solid). 

[0917] MS (ESI): m/z 134.1 [M+1]+ 

[0918] Step 3: synthesis of compound 76E 

[0919] Compound 76D (500 mg, 2.9 mmol) was dissolved in N-methyl-2-pyrrolidone (5 20 

mL), and then potassium carbonate (814 mg, 5.8 mmol) and compound 6D (827 mg, 3.5 

mmol) were added. After the addition was completed, the mixture was stirred at 120 °C for 

24 h in a sealed bottle. After the reaction was completed as detected by TLC, the reaction 

liquid was cooled to room temperature and added to ice water (30 mL), and then the mixture 

was extracted with ethyl acetate (10 mL × 3). The organic phases were combined, washed 25 

with saturated brine (10 mL × 3), dried over anhydrous sodium sulfate, then filtered to remove 

the drying agent, and concentrated under reduced pressure to remove the solvent, and the 

residue was purified by silica gel column chromatography to give compound 76E (800 mg, 

2.3 mmol, yellow oil). 
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[0920] MS (ESI): m/z 346.1 [M+1]+ 

[0921] Step 4: synthesis of compound 76F 

[0922] Compound 76E (800 mg, 2.3 mmol) was dissolved in methanol (8 mL) and water 

(8 mL), and then lithium hydroxide monohydrate (486 mg, 11.5 mmol) was added. Then, the 

mixture was stirred at room temperature for 5 h. After the reaction was completed as detected 5 

by TLC, the reaction liquid was diluted with water (20 mL) and extracted with ethyl acetate 

(15 mL). The aqueous phase was collected, adjusted to acidic with 1 N diluted hydrochloric 

acid, extracted with ethyl acetate (15 mL × 2), dried over anhydrous sodium sulfate, filtered, 

and concentrated under reduced pressure to remove the solvent, and the residue was purified 

by a silica gel column to give compound 76F (250 mg, yellow solid). 10 

[0923] MS (ESI): m/z 332.0 [M+1]+ 

[0924] Step 5: synthesis of compound 76G 

[0925] Compound 76F (220 mg, 0.65 mmol) was dissolved in dichloromethane (3 mL), 

and then oxalyl chloride (211 mg, 1.63 mmol) was added dropwise under an ice bath. Then, 

the mixture was stirred at room temperature for 30 min. After the reaction was completed as 15 

detected by TLC, the reaction liquid was concentrated to dryness by rotary evaporation, and 

then the residue was dissolved in anhydrous tetrahydrofuran (3 mL). Compound 8-D (168 

mg, 0.65 mmol) and N,N-diisopropylethylamine (342 mg, 2.6 mmol) were added under an 

ice bath, and then the reaction liquid was stirred at 25 °C for 1 h. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (20 mL) and 20 

extracted with ethyl acetate (15 mL × 3). The organic phases were combined, dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to remove the 

solvent, and the residue was purified by a silica gel column to give compound 76G (220 mg, 

yellow solid). 

[0926] MS (ESI): m/z 284.1 [M/2+1]+ 25 

[0927] Step 6: synthesis of compound 76 

[0928] Compound 76G (220 mg, 0.39 mmol) and methanesulfonamide (44 mg, 0.51 

mmol) were dissolved in N,N-dimethylformamide (4 mL), and then cuprous iodide (43 mg, 

0.23 mmol), potassium phosphate (217 mg, 1.13 mmol), and (1R,2R)-(-)-N,N'-dimethyl-1,2-
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cyclohexanediamine (43 mg, 0.34 mmol) were sequentially added. Then, the mixture was 

stirred at 120 °C for 2 h under a nitrogen atmosphere in a sealed bottle. After the reaction was 

completed as detected by TLC, the reaction liquid was diluted with water (10 mL) and 

extracted with ethyl acetate (10 mL × 3). The organic phases were combined, washed with 

saturated brine (8 mL × 3), dried over anhydrous sodium sulfate, filtered, and concentrated 5 

under reduced pressure to remove the solvent, and the residue was purified by preparative 

chromatography to give compound 76 (20.4 mg, pale yellow solid).MS (ESI): m/z 582.0 

[M+1]+. 

[0929] 1H NMR (400 MHz, DMSO-d6) δ(ppm) 12.47 (s, 1H), 10.29 (s, 1H), 8.82 (s, 

1H), 8.15 – 8.00 (m, 2H), 7.56 (s, 1H), 7.22 – 7.06 (m, 2H), 4.42 - 4.31 (m, 4H), 3.12 (s, 10 

3H), 3.05 - 2.96 (m, 4H), 2.58 - 2.53 (m, 4H), 2.09 – 1.96 (m, 4H). 

[0930] Efficacy Experimental Example 1: Experiment on Anti-Proliferative Activity 

Against Cells 

[0931] This assay can be used to examine the potency of compounds in inhibiting the 

proliferation of tumor cells (OVCAR3, HT-29, BT-549, HCT-116). A lower IC50 value 15 

indicates high potency of the compound as a KIF18A inhibitor in the following assay setup. 

a) Detection of OVCAR3 cell proliferation activity by CTG method 

i.Experimental materials for detection by CTG method: 

[0932] 1640 medium; fetal bovine serum; penicillin/streptomycin antibiotics purchased 

from Wisent; CellTiter-Glo (chemiluminescence detection reagent for cell viability) reagent 20 

purchased from Promega; OVCAR3 cell line purchased from Nanjing Cobioer Biosciences 

Co., Ltd.; Nivo multimode microplate reader (PerkinElmer). 

ii.Experimental method for detection by CTG: 

[0933] OVCAR3 cells were seeded into a white 96-well plate, with 80 μL of cell 

suspension containing 2000 OVCAR3 cells added to each well. The cell plate was incubated 25 

in a CO2 incubator overnight. 

[0934] A test compound was 5-fold diluted to the 8th concentration (i.e., from 2 mM to 

5.12 nM) using a multichannel pipette, with duplicate wells set up. To an intermediate plate 
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was added 78 μL of medium, and the serially diluted compound was transferred to the 

corresponding wells of the intermediate plate at 2 μL/well. The mixture was mixed well and 

then transferred to the cell plate at 20 μL/well. The concentration of the compound transferred 

to the cell plate ranged from 10 μM to 0.026 nM. The cell plate was incubated in a CO2 

incubator for 7 days. Another cell plate was prepared and read for signal values on the day of 5 

compound addition, and these values were used as the maximum values (the Max value in 

the equation below) in data analysis. To this cell plate was added the chemiluminescence 

detection reagent for cell viability at 25 μL/well, and the luminescence signals were stabilized 

by incubation at room temperature for 10 min. Readings were taken using the multimode 

microplate reader. 10 

[0935] To the cell plate was added the chemiluminescence detection reagent for cell 

viability at 25 μL/well, and the luminescence signals were stabilized by incubation at room 

temperature for 10 min. Readings were taken using the multimode microplate reader. 

iii.Data analysis for detection by CTG method: 

[0936] The original data were converted to inhibition rates using the equation (Sample – 15 

Min)/(Max – Min) × 100%, and the IC50 values were then obtained by curve fitting using a 

four-parameter method (obtained from the “log(inhibitor) vs. response -- Variable slope” 

model in GraphPad Prism). 

b) Detection of cell proliferation activity by CCK8 method 

i.Experimental materials for detection by CCK8 method: 20 

[0937] McCoy’s 5A medium purchased from Sangon Biotech; CCK8 kit purchased from 

Beyotime; OVCAR3, HT-29, HCT-116, and BT-549 cells purchased from Shanghai Fuheng 

Biotechnology Co., Ltd.; multimode microplate reader (Thermo). 

ii.Experimental method for detection by CCK8: 

[0938] Cells at the logarithmic growth phase were taken, digested with a cell lysis buffer 25 

(trypsin), centrifuged, counted, and seeded into a 96-well plate at an appropriate cell density 

(BT549: 1500 cells/well in 1640 medium; HT-29 and HCT-116: 2000 cells/well in McCoy’s 

5A medium), with 180 μL per well, for a total of 60 wells. The surrounding wells were filled 

with an equal amount of PBS to prevent water evaporation from the edge wells. The next day 
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after cell plating, the test compounds at different concentration gradients (with an initial final 

concentration of 10 μM, diluted in a 1:5 gradient to obtain 9 concentration gradients) were 

added to the wells. Three replicate wells were set up for each concentration point, and a 

corresponding DMSO negative control group was also set up. Detection: After 96 h of drug 

treatment, the test cell culture plate was removed from the incubator. All the liquid in the 96-5 

well plate was aspirated, and 100 μL of medium containing 10% CCK8 solution was added 

to each well. The plate was then incubated at 37 °C for 2 h (the OD450 of the DMSO group 

reached 1.5 or more), and the absorbance at 450 nm was measured using a microplate reader. 

iii.Data analysis for detection by CCK8 method: 

[0939] After the background value was subtracted from the measurement for each well, 10 

the inhibition rate was calculated. Inhibition Rate (%) = (1 – Sample/Vehicle) × 100. Sample 

is the luminescence value of the drug treatment group, and Vehicle is the luminescence value 

of the DMSO control group. A sigmoidal dose-survival rate curve was plotted using a non-

linear regression model in the GraphPad Prism 7.0 software, and the IC50 values were 

calculated. 15 

[0940] Table 1. IC50 data for the inhibitory activity of the compounds of the present 

disclosure against the proliferation of OVCAR3, HT-29, BT-549, and HCT-116 cells 

Compound 

No. 

OVCAR3 

CTG 

method 

IC50 (nM) 

OVCAR3 

CCK8 

method 

IC50 (nM) 

HT-29 

CCK8 

method 

IC50 (nM) 

BT-549 

CCK8 

method 

IC50 (nM) 

HCT-116 

CCK8 

method 

IC50 (nM) 

1 167 - - - - 

2 5225 - - - - 

3 85 145 115 145 > 10000 

4 186 - - - - 

6 118 57 144 146 > 10000 

7 2007 - - - - 

8 5.8 7.2 19 7.2 > 10000 



 

191 
 

 

9 122 - - - - 

10 16 - 61 52 > 10000 

11 36 - 146 109 > 10000 

12 15 - 73 34 > 10000 

13 33 - 131 110 > 10000 

14 5.6 - 30 25 > 10000 

15 24 - 107 86 > 10000 

16 53 - 338 192 > 10000 

17 6.3 - 27 33 > 10000 

18 93 - 336 247 > 10000 

19 - 23.1 44 69.6 > 10000 

20 - 116.8 518 735.9 > 10000 

21 - 3.4 5.1 8.2 > 10000 

22 11.2 3.4 20.6 22.1 > 10000 

23 6.4 5.7 22.5 22.6 > 10000 

24 17.8 12.3 141.8 52.8 > 10000 

25 6.1 4.4 13.5 16.2 > 10000 

26 29.3 19.3 38 73.6 > 10000 

27 38.6 27.2 141 81.9 > 10000 

28 27.4 23.4 320.6 116.7 > 10000 

29 219.7 206.3 334.7 1035.4 > 10000 

30 64.2 30.4 73.9 104.6 > 10000 

31 67.6 41.8 93.8 110.6 > 10000 

32 29.9 22.4 45.3 46.1 > 10000 

33 75.0 53.3 84.2 117.9 > 10000 

34 - 10.6 28.8 33.3 > 10000 

35 - 1847 - - > 10000 

36 - 283.2 520.2 1605 > 10000 
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37 - 234.2 - 610.7 > 10000 

38 - 11.9 132.5 31.9 > 10000 

39 - 10.1 28.15 26.6 > 10000 

40 - 68.3 177.3 218.8 > 10000 

42 - 83.2 229 304 > 10000 

43 - 23.4 94.6 65.2 > 10000 

44 - 733.4 1642 1900.5 > 10000 

45 - 54.3 94 169.9 > 10000 

46 - 34.8 55.6 75.8 > 10000 

47 - 8 10.5 18.9 > 10000 

48 - 12.2 17.1 26.3 > 10000 

49 - 132.1 150 292.8 > 10000 

50 - 51.9 55.5 174.6 > 10000 

51 - 26.1 35.7 54.7 > 10000 

52 - 52.9 75.2 208.9 > 10000 

53 - 32.8 44.7 169.6 > 10000 

54 - 11.7 26.7 54.7 > 10000 

55 - 6.8 12.7 54.4 > 10000 

56 - 16.2 25.4 121 > 10000 

57 - 14.6 33.8 31.9 > 10000 

58 - 37.9 97.1 90.4 > 10000 

59 - 27.5 81.6 83 > 10000 

60 - 63.2 143.7 240 > 10000 

61 - 23.2 59.6 30.9 > 10000 

62 - 6 15.1 23.1 > 10000 

63 - 10.1 15.6 33.7 > 10000 

64 - 10.2 55.2 42.4 > 10000 

65 - 14.6 40.4 53.2 > 10000 
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66 - 18.6 71.5 90.1 > 10000 

67 - 13.9 88.1 61.8 > 10000 

68 - 43.4 156.8 90.9 > 10000 

69 - 6.5 11.5 39.6 > 10000 

70 - 31.5 68.9 91 > 10000 

71 - 5.0 17.4 39.7 > 10000 

72 - 66.6 141.1 330.5 > 10000 

73 - 20.2 41.8 77.9 > 10000 

74 - 47.9 82.4 156.3 - 

75 - - 97.3 - >5000 

76 - - 19.4 - >5000 

. 

[0941] As can be seen from Table 1, the compounds of the present disclosure exhibited 

relatively good anti-proliferative effects on OVCAR3, HT-29 and BT-549 aneuploid cancer 

cells with chromosomal instability (CIN) characteristics, and some of the compounds had 

inhibitory effects of less than 100 nM, indicating good clinical application prospects; in 5 

contrast, the compounds showed no inhibitory effect on the proliferation of HCT116 tumor 

cells without chromosomal instability (CIN) characteristics, demonstrating good selectivity. 

[0942] Efficacy Experimental Example 2: Activity Detection Experiment at 

Molecular Level 

[0943] In this experiment, an ADP-Glo kit was used to detect the inhibitory activity of the 10 

compounds against KIF18A. Each compound was prepared into a 10 mM stock solution with 

DMSO, which was then diluted at 1:5 to obtain 9 gradients with the initial final concentration 

set at 10 μM. Meanwhile, a control group and a blank group were also set up. The reaction 

buffer consisted of 15 mM Tris (pH 7.5), 10 mM MgCl2, and 0.01% Pluronic F-68. 4 nM 

KIF18A (1-467) and the test compound were added to a 384-well plate and incubated at 37 °C 15 

for 20 min. Then, 30 μM ATP was added to initiate the enzymatic reaction, and the plate was 

incubated at room temperature for 15 min. Finally, the ADP-Glo reagent was added to detect 
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the luminescence intensity, where the luminescence intensity is directly proportional to the 

ADP content. Inhibition rate (%) = (1 – Sample signal)/DMSO signal × 100. Sample signal 

is the value of the compound group, and DMSO signal is the value of the DMSO control 

group. Then, the inhibition rate at each concentration was calculated, and the IC50 was 

determined by fitting using the GraphPadPrism 7.0 software. 5 

[0944] Table 2. IC50 data for the inhibition of KIF18A enzymatic activity by the 

compounds of the present disclosure 

Compound No. IC50  (nM) 

3 19.8 

6 95.6 

8 21.3 

10 25.7 

11 15.2 

12 10.2 

13 187.2 

14 28.7 

15 126.4 

16 11.3 

17 16.4 

18 93.2 

19 26.8 

20 113.0 

21 10.7 

22 26.4 

23 3.6 

24 3.7 

25 20.0 

26 49.7 
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27 23.1 

28 33.4 

29 63.4 

30 103.2 

31 55.3 

32 117.2 

33 110.9 

34 44.3 

37 11.3 

38 7.6 

39 32.2 

40 62.9 

51 10.0 

52 22.0 

55 13.3 

56 40.8 

57 27.9 

65 19.2 

69 26.0 

70 95.9 

72 133.9 

73 38.4 

. 

[0945] Efficacy Experimental Example 3: mitotic index analysis 

[0946] HCT-116 and HT-29 cells at the logarithmic growth phase were taken, digested 

with a cell lysis buffer (trypsin), centrifuged, counted, and seeded into a 96-well plate at an 

appropriate cell density (20000 cells/well), with 100 μL per well. The surrounding wells were 5 

filled with an appropriate amount of PBS to prevent water evaporation. The next day, the 
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cells were treated with the compounds at different concentrations (with a starting 

concentration of 10 μM, 3-fold diluted to obtain 9 concentration gradients). After 24 h, the 

medium was aspirated, and the cells were washed twice with 100 μL of PBS. The cells were 

then fixed with 4% paraformaldehyde and incubated at room temperature for 15 min. The 

fixative solution was discarded, and the cells were washed with PBS. Then, 150 μL of 5 

specialized blocking solution (containing 1% Triton-100) was added to each well for 

blocking at room temperature for 2 h, and the plate was washed with PBS to remove excess 

blocking solution. Anti-phistone H3 (pH3) was diluted at a ratio of 1:1000 with a blocking 

solution containing 0.033% Triton-100, and a blank control group was set up. Then, 

incubation was performed at 4 °C overnight. The next day, the plate was washed twice with 10 

1× PBST. Anti-rabbit-IgG (H + L) (CST) and DRAQ5 (Thermofisher) were each diluted at 

an appropriate ratio with a blocking solution containing 0.033% Triton-100 (secondary 

antibody: 1:2000; DRAQ5: 1:10000). Then, incubation was performed at room temperature 

for 2 h. The plate was washed twice with 1× PBST and once with PBS. Fluorescence signals 

at 700 nm and 800 nm were detected using a Li-COR Odyssey two-color near-infrared laser 15 

imager. Calculation was performed as follows: pH3 expression (%) = (Cmpd dose/DMSO 

control) × 100. Cmpd dose is the value of the drug treatment group, and DMSO control is the 

value of the DMSO control group. The EC50 values were determined by fitting using the 

GraphPad Prism 7.0 software. 

[0947] Table 2. Detection of the effects of the compounds of the present disclosure on pH3 20 

expression in HCT-116 and HT-29 cells (EC50) 

Compound No. 
HT-29 

EC50 (nM) 

HCT-116 

EC50 (nM) 

3 495 > 10000 

6 175 > 10000 

8 6.4 > 10000 

10 183 > 10000 

11 139 > 10000 
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12 51 > 10000 

13 235 > 10000 

14 22 > 10000 

15 82 > 10000 

16 94 > 10000 

17 57 > 10000 

18 87 > 10000 

19 34 > 10000 

20 434 > 10000 

21 6.0 > 10000 

22 8.9 > 10000 

23 9.8 > 10000 

24 65.6 > 10000 

25 9.6 > 10000 

26 12.3 > 10000 

27 34.6 > 10000 

28 77.8 > 10000 

29 108.2 > 10000 

30 47.6 > 10000 

31 64.0 > 10000 

32 61.8 > 10000 

33 58.5 > 10000 

34 14.5 > 10000 

35 - > 10000 

36 - > 10000 

37 - > 10000 

38 - > 10000 

39 - > 10000 
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40 - > 10000 

42 254.7 > 10000 

43 30.0 > 10000 

44  > 10000 

45 80.8 > 10000 

46 53.0 > 10000 

47 6.4 > 10000 

48 12.2 > 10000 

49 92.9 > 10000 

50 31.5 > 10000 

51 13.7 > 10000 

52 42.9 > 10000 

53 26.7 > 10000 

54 10.8 > 10000 

55 4.6 > 10000 

56 13.4 > 10000 

57 26.7 > 10000 

58 119.0 > 10000 

59 49.1 > 10000 

60 124.0 > 10000 

61 52.6 > 10000 

62 7.7 > 10000 

63 10.3 > 10000 

64 26.8 > 10000 

65 20.0 > 10000 

66 34.5 > 10000 

67 36.1 > 10000 

68 90.1 > 10000 
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69 4.8 > 10000 

70 33.6 > 10000 

71 7.8 > 10000 

72 72.4 > 10000 

73 24.8 > 10000 

. 

[0948] As can be seen from Table 2, the compounds of the present disclosure 

exhibited relatively good inhibitory effects on mitosis in HT-29 aneuploid cancer cells with 

chromosomal instability (CIN) characteristics, and some of the compounds had inhibitory 

effects of less than 100 nM, indicating good clinical application prospects; in contrast, the 5 

compounds showed no inhibitory effect on mitosis in HCT116 tumor cells without 

chromosomal instability (CIN) characteristics, demonstrating good selectivity. 

[0949] Efficacy Experimental Example 4: Stability Test in Liver Microsomes 

[0950] The phase I metabolic stability of the compounds in liver microsomes of CD-1 

mice, Sprague-Dawley rats, beagle dogs, cynomolgus monkeys, and humans was assessed. 10 

[0951] Experimental system: 

[0952] The animal and human liver microsomes used in the test system were purchased 

from Xenotech, Corning, or other qualified suppliers and stored in a freezer at a temperature 

below -60 °C prior to use. 

[0953] Brief introduction of the experiment: 15 

[0954] The test samples and control compounds were separately incubated with animal 

and human liver microsomes at 37±1 °C for a period of incubation time up to 60 min. The 

samples were removed at the indicated time points, and the reaction was stopped with 

acetonitrile or another organic solvent containing an internal standard. After centrifugation, 

the resulting supernatants were assayed by the liquid chromatography-tandem mass 20 

spectrometry (LC-MS/MS) method. 

[0955] Experimental method: 

1. Preparation of buffer 
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[0956] 73.21 g of dipotassium hydrogen phosphate trihydrate and 10.78 g of potassium 

dihydrogen phosphate were dissolved in 4000 mL of ultrapure water. The solution was 

adjusted to pH 7.40±0.10 with 10% phosphoric acid or 1 M potassium hydroxide to make a 

final concentration of 100 mM. 

[0957] 2. Preparation of working solution 5 

[0958] The test sample powder was prepared into a stock solution at a certain 

concentration with DMSO or another organic solvent, which was then further diluted with a 

suitable organic solvent. 

[0959] Control compounds testosterone, diclofenac, and propafenone were each prepared 

into a 10 mM stock solution with DMSO, which was then further diluted with a suitable 10 

organic solvent. 

[0960] 3. Preparation of liver microsome solution 

[0961] Microsomes of each species were diluted into a 2× working solution with a 100 

mM potassium phosphate buffer. The final concentration of the microsomes in the reaction 

system was 0.5 mg/mL. 15 

[0962] 4. Preparation of reduced nicotinamide adenine dinucleotide phosphate 

(NADPH) regeneration system 

[0963] An appropriate amount of nicotinamide adenine dinucleotide phosphate (NADP) 

and isocitric acid (ISO) powder was weighed out, dissolved in a magnesium chloride 

solution, and shaken and mixed well. An appropriate amount of isocitrate dehydrogenase 20 

(IDH) was added, and the mixture was mixed well by gently turning upside down. The final 

concentrations in the reaction system were: 1 mM NADP, 1 mM magnesium chloride, 6 mM 

ISO, and 1 unit/mL IDH. 

[0964] 5. Preparation of stop solution 

[0965] The stop solution was prepared with acetonitrile or another organic solvent 25 

containing an internal standard (tolbutamide or another suitable compound). The prepared 

stop solution was stored in a freezer at 2-8 °C. 

[0966] 6. Incubation process 

[0967] Incubation was performed in a 96-well plate. Eight incubation plates were prepared 
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and designated T0, T5, T15, T30, T45, T60, Blank60, and NCF60, respectively. The first 6 

plates corresponded to reaction time points of 0, 5, 15, 30, 45, and 60 min, respectively. No 

test sample or control compound was added to the Blank60 plate, and samples were taken 

after 60 min of incubation. In the NCF60 plate, incubation was performed for 60 min using 

the potassium phosphate buffer instead of the NADPH regeneration system solution. Three 5 

replicates were made for samples in all conditions. 

[0968] The microsomes and the test sample or control compound were mixed, and then 

the incubation plates Blank60, T5, T15, T30, T45, and T60 except for T0 and NCF60 were 

placed in a 37 °C water bath for pre-incubation for about 10 min. In the incubation plate T0, 

a stop solution was first added, followed by addition of the NADPH regeneration system 10 

working solution, and 98 μL of the potassium phosphate buffer was added to each sample 

well of the incubation plate NCF60 to initiate the reaction. After the pre-incubation of the 

incubation plates Blank60, T5, T15, T30, T45, and T60 was completed, 98 μL of the NADPH 

regeneration system working solution was added to each sample well to initiate the reaction. 

The reaction temperature was 37±1 °C, the final volume of the reaction was 200 μL, and the 15 

reaction system included 0.5 mg/mL microsomes, 1.0 μM substrate, 1 mM NADP, 6 mM 

ISO, and 1 unit/mL IDH. 

[0969] At 5 min, 15 min, 30 min, 45 min, and 60 min, a cold stop solution containing an 

internal standard was added to the reaction plate to stop the reaction. 

[0970] All the reaction plates after the reaction was stopped were shaken well and 20 

centrifuged at 3220× g at 4 °C for 20 min. After the supernatant was diluted at a certain ratio, 

LC-MS/MS analysis was performed. 

[0971] Sample analysis 

[0972] Sample analysis was performed by the liquid chromatography-tandem mass 

spectrometry (LC-MS/MS) method without standard curves and quality control samples. 25 

Semi-quantitative determination was performed according to the ratio of the analyte peak 

area to the internal standard peak area. The retention times of the analyte and internal 

standard, the chromatogram acquisition, and chromatogram integration were processed using 

the Analyst software (Sciex, Framingham, Massachusetts, USA). 
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[0973] The CV for the internal standard peak area in each matrix in each analysis batch 

should be within 20%. 

[0974] Data analysis 

[0975] The in vitro elimination rate constant ke of the compound was obtained by 

converting the ratio of the peak area of the compound to the internal standard peak area in 5 

the following formula into the remaining rate: 

[0976] Remaining rate (%) = 

the peak area ratio of the compound to the internal standard at any time point

 the peak area ratio of the compound to the internal standard at 0 min
 × 100 
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[0977] CLint (mic) = 0.693/T1/2/microsome protein content (microsome concentration during 

incubation in mg/mL) 

[0978] CLint (liver) = CLint (mic) × microsome protein amount in liver (mg/g) × liver-to-body 

weight ratio 15 

[0979] According to the well stir model, the hepatic intrinsic clearance and hepatic 

clearance can be converted through the following formula. 

[0980] CL(liver) = (CLint(liver) × Qh)/(CLint(liver) + Qh) 

[0981] Parameters in the formula are shown in Table 4. 

Species 

Liver-to-body weight 

ratio 

(g/kg body weight) [1-2] 

Liver blood flow 

volume (Qh) 

(mL/min/kg)[1-2] 

Microsome 

protein amount 

(mg/g liver 

weight) 

Mouse 88 90.0 45 
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Rat 40 55.2 

Dog 32 30.9 

Monkey 30 43.6 

Human 20 20.7 

[0982] [1] Brian Davies and Tim Morris, Physiological Parameters in Laboratory Animals 

and Human. Pharmaceutical Research, Vol. 10 No.7, 1993;  

[0983] [2] Journal of Pharmacology and Experimental Therapeutics, 1997, 283(1): 46-58. 

[0984] Table 5. Liver microsome stability test results for some of the compounds in the 

present disclosure 5 

Compound 

No. 

HLM 0.5 RLM 0.5 MLM 0.5 

T1/2 

(min) 

CLint(liver) T1/2 

(min) 

CLint(liver) T1/2 

(min) 

CLint(liver) 

(mL/min/kg) (mL/min/kg) (mL/min/kg) 

6 >145 <8.6 >145 <17.3 >145 <38.0 

8 >145 <8.6 >145 <17.3 25.1 218.8 

10 >145 <8.6 129.4 19.3 30.1 182.3 

14 56 22.3 72.8 34.3 101.5 54.1 

15 >145 <8.6 144.9 17.2 108.5 50.6 

19 107.6 11.6 91.5 27.3 105 52.3 

21 >145 <8.6 >145 <17.3 >145 <38.0 

23 >145 <8.6 >145 <17.3 >145 <38.0 

24 133.2 9.4 84.6 29.5 84.8 64.7 

25 >145 <8.6 >145 <17.3 >145 <38.0 

34 920.5  1.9  559.6  4.4  380.6  14.3  

47 121.3  14.3  275.5  9.0  2419.6  2.3  

[0985] It can be seen that the compounds of the present application had relatively good 

stability in human, rat and mouse liver microsomes. 

 

[0986] Efficacy Experimental Example 5: Pharmacokinetic Test in Mice 
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[0987] In this example, the pharmacokinetic behavior of the compounds after intravenous 

injection (IV) and intragastric (PO) administration in BALB/c mice was tested. 

[0988] On the day of administration, mice were weighed for actual body weight and the 

administration volume was calculated. Each compound was tested in two groups with 9 mice 

in each group; one group was subjected to administration by single intravenous injection, and 5 

the other group of mice was subjected to single intragastric administration. Whole blood 

samples were collected via the orbit at prescribed time points (0.25 h, 0.5 h, 1 h, 2 h, 4 h, 8 

h, and 24 h after administration). After blood sample collection, the samples were 

immediately transferred to labeled commercial sample tubes containing K2-EDTA (0.85-1.15 

mg), followed by centrifugation (3200× g, 4 °C, 10 min) and plasma collection. The plasma 10 

was transferred to a pre-cooled centrifuge tube, frozen in dry ice, and then stored in an ultra-

low temperature freezer at -60 °C or lower until the LC-MS/MS analysis. 

[0989] Plasma concentrations were determined by the LC-MS/MS method. Plasma drug 

concentration data for the compounds were processed using a non-compartmental model in 

the WinNonlin Version 6.3 (Pharsight, Mountain View, CA) pharmacokinetic software. The 15 

relevant pharmacokinetic parameters were calculated by a linear-log trapezoidal method. 

[0990] Table 6. Pharmacokinetic parameters of some of the compounds of the present 

disclosure in mice 

Compound No. 
AUC 

(nM*h) 

t1/2 

(h) 

Cmax 

(nM) 

F 

(%) 
PO/Dose 

3 74846 44.5 4247 87 @5mpk 

6 13505 4.7 1550 44 @5mpk 

8 6872 1.2 1607 97 @5mpk 

15 17788 3.4 1767 79 @5mpk 

17 13269 3.3 2690 116 @5mpk 

19 
58302 14.9 3922 101 @5mpk 

319667 16.5 15333 92 @30mpk 

21 60899 4 4172 107 @5mpk 
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207169 5.4 15338 61 @30mpk 

22 79792 10 14642 218 @30mpk 

25 16331 2.8 1731 135 @5mpk 

26 537225 19.5 28440 136 @30mpk 

33 126422 134 6311 108 @30mpk 

34 
70061 3.7 6387 257 @5mpk 

219598 9.6 15176 147 @30mpk 

51 272210 62.3 14220 67 @30mpk 

52 269031 39 14079 107 @30mpk 

53 78305 13 4556 16 @30mpk 

55 379581 7.8 25756 109 @30mpk 

56 436122 80.8 23603 142 @30mpk 

57 153690 145.7 6981 44 @30mpk 

65 19945 3.9 3562 82 @5mpk 

69 220526 8.2 20481 385 @30mpk 

72 66328 6.0 5336 175 @5mpk 

73 69129 3.8 4657 72 @30mpk 

[0991] It can be seen that the compounds of the present application exhibited relatively 

good pharmacokinetic performance in mice.  

 

[0992] Efficacy Experimental Example 6: Pharmacokinetic Test in Rats 

[0993] In this example, the pharmacokinetic behavior of the compounds after intravenous 5 

injection (IV) and intragastric (PO) administration in SD rats was tested. 

[0994] On the day of administration, rats were weighed for actual body weight and the 

administration volume was calculated. Each compound was tested in two groups with 3 rats 

in each group; one group was subjected to administration by single intravenous injection, and 

the other group was subjected to single intragastric administration. Whole blood samples 10 

were collected via the jugular vein at prescribed time points (0.25 h, 0.5 h, 1 h, 2 h, 4 h, 8 h, 
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and 24 h after administration). After blood sample collection, the samples were immediately 

transferred to labeled commercial sample tubes containing K2-EDTA (0.85-1.15 mg), 

followed by centrifugation (3200× g, 4 °C, 10 min) and plasma collection. The plasma was 

transferred to a pre-cooled centrifuge tube, frozen in dry ice, and then stored in an ultra-low 

temperature freezer at -60 °C or lower until the LC-MS/MS analysis. 5 

[0995] Plasma concentrations were determined by the LC-MS/MS method. Plasma drug 

concentration data for the compounds were processed using a non-compartmental model in 

the WinNonlin Version 6.3 (Pharsight, Mountain View, CA) pharmacokinetic software. The 

relevant pharmacokinetic parameters were calculated by a linear-log trapezoidal method. 

[0996] Table 7. Pharmacokinetic parameters of some of the compounds of the present 10 

disclosure in rats 

Compound No. 
AUC 

(nM*h) 

t1/2 

(h) 

Cmax 

(nM) 

F 

(%) 
PO/Dose 

3 16184 7 1334 57  @5mpk   

6 8917  55.8 /  509 / 23  @5mpk 

8 1564 5.9 303 16  @5mpk 

11 604 2.4 217 25  @5mpk 

12 2409 2.6 526 18.3  @5mpk 

14 1915 6.4 351 25  @5mpk 

15 9665 22.8 540 27  @5mpk 

17 3201 4.9 582 39  @5mpk 

19 20505 12.2 1244 63  @5mpk 

21 33903 10.6 2086 24.7  @5mpk 

26 5787 8.1 390 54  @5mpk 

34 62486 66.3 3428.1 25.7 @30mpk 

[0997] It can be seen that the compounds of the present application exhibited relatively 

good pharmacokinetic performance in rats. 
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[0998] Efficacy Experimental Example 7: hERG 

[0999] HEK293 cells were cultured in a DMEM medium containing 10% fetal bovine 

serum and 0.8 mg/mL G418 at 37 °C with 5% CO2. The cells were digested by TrypLE™ 

Express and then centrifuged. The cell density was adjusted to 2 × 106 cells/mL. The cells 

were then gently mixed for 15-20 min using a shaker equilibrated at room temperature, and 5 

subjected to patch clamping on a machine. The medium of the prepared cells was replaced 

with extracellular fluid. The intracellular fluid and the extracellular fluid were taken from the 

fluid pool, and added to the intracellular fluid pool and the cell and test substance pool of the 

QPlate chip, respectively. The voltage stimulation of the whole-cell hERG potassium current 

was recorded by the whole-cell patch clamp, and the experimental data was collected and 10 

stored by Qpatch. The test compound was 3-fold diluted starting from 30 μM to obtain 6 

concentration points, each for two administrations over a period of at least 5 min. The current 

detected in compound-free extracellular fluid for each cell served as its own control group, 

and the detection was repeated at least twice independently using two cells per concentration. 

All electrophysiological experiments were performed at room temperature. 15 

[1000] For data analysis, the current after the action of each drug concentration and the 

current of the blank control were standardized (
Peak tail current compound

 Peak tail currentvehicle

), and then the inhibition 

rate corresponding to each drug concentration was calculated (1-
 Peak tail currentcompound

 Peak tail currentvehicle

) .The 

mean and standard error were calculated for each concentration, and the half maximal 

inhibitory concentration of each compound was calculated: 20 

[1001] Y = Bottom +
 Top – Bottom

 1 + 10^((LogIC
50

– C) × HillSlope)
 The dose-dependent effect was subjected 

to non-linear fitting using the above equation, where Y represents the inhibition rate, C 

represents the concentration of the test substance, IC50 is the half maximal inhibitory 

concentration, and HillSlope represents the Hill coefficient. Curve fitting and calculation of 

IC50 were performed using the Graphpad software. 25 

[1002] Table 8. Effects of some of the compounds of the present disclosure on the hERG 

potassium channel 
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Compound No. hERG IC50(μM) 

6 >30 

8 >30 

19 >30 

21 >30 

[1003] It can be seen that the compounds of the present application have a low risk of 

cardiotoxicity. 

 

[1004] Efficacy Experimental Example 8: Inhibition of Cytochrome Oxidase P450 

[1005] 1) Preparation of buffer: 5 

[1006] 100 mM K-Buffer: 9.5 mL of stock solution A was mixed with 40.5 mL of stock 

solution B, the total volume was adjusted to 500 mL with ultrapure water, and the buffer was 

titrated to pH 7.4 with KOH or H3PO4. 

[1007] Starting material A (1 M potassium dihydrogen phosphate): 136.5 g of potassium 

dihydrogen phosphate in 1 L of water. 10 

[1008] Stock B (1 M potassium dihydrogen phosphate): 174.2 g of potassium dihydrogen 

phosphate in 1 L of water. 

[1009] 2) Preparation of test substance 

[1010] The test compound powder was prepared into a stock solution at a certain 

concentration with DMSO or another organic solvent, which was then further diluted with a 15 

proper organic solvent. 

[1011] 3) In vitro incubation 

[1012] The liver microsomal in vitro incubation system for the CYP450 enzyme 

metabolism phenotype study was a biochemical reaction of prepared liver microsomes 

supplemented with a redox coenzyme and an enzyme-specific selective inhibitor under 20 

simulated physiological temperature and environment conditions. 

[1013] 4) Detection of parent drug or metabolite 

[1014] The concentration of the parent drug or a metabolite thereof in the incubation 
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solution was determined by LC-MS/MS. 

[1015] Table 9. Inhibitory effects of some of the compounds of the present disclosure on 

cytochrome oxidase P450 

Compound No. 
1A2/2C9/2C19/2D6/3A4 

(Midazolam)  IC50(μM) 

6 >10/5.28/>10/>10/>10 

8 >10/2.66/>10/>10/>10 

19 >10/9.38/>10/>10/>10 

21 >10/>10/>10/>10/>10 

34 >10/4.46/>10/>10/>10 

47 >10/0.18/0.98/2.24/0.24 

[1016] It can be seen that the compounds of the present application have a low risk of 

drug-drug interactions. 5 

 

[1017] Efficacy Experimental Example 9: Pharmacodynamic Experiment in Mice 

[1018] Human colon cancer HT-29 cells were cultured in monolayer in vitro under the 

following conditions: DMEM medium containing 10% fetal bovine serum and 1% penicillin 

and streptomycin, at 37 °C with 5% CO2. The cells were digested with trypsin three times a 10 

week for passaging. When the saturation degree of the cells was 80%-90%, the cells were 

collected, counted, and inoculated. 0.1 mL (1 × 106 cells) of HT-29 cells were subcutaneously 

inoculated on the right back of each mouse. On day 11 after inoculation of the cells, the mean 

tumor volume reached 325 mm3. The mice were randomly grouped for administration (the 

animals were divided into an administration group and a control group, with 6 animals in 15 

each group). The day of grouping was defined as d0, and intragastric administration was 

started on d1. The administration was performed twice daily at an administration volume of 

10 mL/kg. Vehicle control was administered to the control group. The tumor volume was 

measured 2-3 times per week, and meanwhile, the mice were weighed and the data were 

recorded; daily observations were made to record the body surface signs of the mice. After 20 



 

210 
 

 

the experiment was completed, the tumors were removed, weighed, and photographed for 

recording. 

[1019] Calculation formula for tumor volume: 

[1020] Tumor volume (mm3) = 1/2 × (a × b2) (note: a represents long diameter and b 

represents short diameter) 5 

[1021] Tumor growth inhibition rate (TGI%) = (1 – tumor weight in treatment 

group/tumor weight in control group) × 100% 

[1022] Table 9. TGI values of compounds after 16 days of administration 

Compound No. TGI 

Compound 19 20mpk BID TGI = 111.82% 

Compound 34 20mpk BID TGI = 105.10% 

Compound 47 20mpk BID TGI = 108.84% 

. 

[1023] Although specific embodiments of the present disclosure have been described 10 

above, it will be appreciated by those skilled in the art that these embodiments are merely 

illustrative and that many changes or modifications can be made to these embodiments 

without departing from the principles and spirit of the present disclosure. The protection 

scope of the present disclosure is therefore defined by the appended claims. 

Claims  15 

1. A nitrogen-containing compound represented by formula I, a pharmaceutically acceptable 

salt thereof, a stereoisomer thereof, a tautomer thereof, a metabolite thereof, a prodrug 

thereof, an isotopically labeled derivative thereof, a solvate thereof, or a solvate of the 

pharmaceutically acceptable salt thereof: 

 20 

wherein Rx is 3- to 6-membered monocyclic cycloalkyl, 5- to 6-membered monocyclic 

heterocycloalkyl, 6- to 9-membered bridged heterocycloalkyl, 7- to 9-membered spiro 
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heterocycloalkyl, 5- to 6-membered monocyclic heterocycloalkyl substituted with one or 

more Rx-1, 6- to 9-membered bridged heterocycloalkyl substituted with one or more Rx-2, 7- 

to 9-membered spiro heterocycloalkyl substituted with one or more Rx-3, or 3- to 6-membered 

monocyclic cycloalkyl substituted with one or more Rx-4; in the “5- to 6-membered 

monocyclic heterocycloalkyl”, the “6- to 9-membered bridged heterocycloalkyl”, the “7- to 5 

9-membered spiro heterocycloalkyl”, the “5- to 6-membered monocyclic heterocycloalkyl 

substituted with one or more Rx-1”, the “6- to 9-membered bridged heterocycloalkyl 

substituted with one or more Rx-2”, and the “7- to 9-membered spiro heterocycloalkyl 

substituted with one or more Rx-3”, the heteroatom(s) independently consist(s) of 1 N atom 

and 0, 1, or 2 X atoms, the X atom being independently selected from 1 or 2 of N, O, and S; 10 

the “5- to 6-membered monocyclic heterocycloalkyl”, the “6- to 9-membered bridged 

heterocycloalkyl”, the “7- to 9-membered spiro heterocycloalkyl”, the “5- to 6-membered 

monocyclic heterocycloalkyl substituted with one or more Rx-1”, the “6- to 9-membered 

bridged heterocycloalkyl substituted with one or more Rx-2”, and the “7- to 9-membered spiro 

heterocycloalkyl substituted with one or more Rx-3” are connected to ring A through the N 15 

atom; 

each of Rx-1, Rx-2, Rx-3, and Rx-4 is independently halogen, RN-10k, RN-10l, C1-6 alkyl, C1-6 alkyl 

substituted with one or more halogens, -ORN-a, C1-6 alkoxy substituted with one or more 

halogens, CN, -NRN-aRN-a, or oxo; 

R1 is -L-R1-1; 20 

L is *-NHSO2-, -NH-, *-NHC(O)-, -NHC(O)NH-, *-SO2NH-, or -SO2-; * represents the end 

connected to ring A; 

R1-1 is C1-6 alkyl, 3- to 6-membered monocyclic cycloalkyl, 4- to 8-membered monocyclic 

heterocycloalkyl, C1-6 alkyl substituted with one or more Ra, or 3- to 6-membered monocyclic 

cycloalkyl substituted with one or more Rb; in the 4- to 8-membered monocyclic 25 

heterocycloalkyl, the heteroatom is independently selected from 1, 2, or 3 of N, O, and S, and 

the number of the heteroatom is independently 1, 2, 3, or 4; 

each Ra is independently hydroxyl, halogen, or -NH(Ra-1); 
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Ra-1 is C1-6 alkyl; 

each Rb is independently C1-6 alkyl or C1-6 alkyl substituted with one or more hydroxyl; 

G is C(R10) or N; R10 is H, halogen, C1-6 alkyl, C1-6 alkyl substituted with one or more 

halogens, -OH, -O-RN-8a, or -O-RN-8b; 

M is phenyl, naphthyl, 5-membered heteroaryl, 6-membered heteroaryl, 9- to 10-membered 5 

heteroaryl, 6-membered heterocycloalkenyl, 6-membered heteroaryl substituted with one or 

more R2, 9- to 10-membered heteroaryl substituted with one or more R3, 6-membered 

heterocycloalkenyl substituted with one or more R4, phenyl substituted with one or more R5, 

naphthyl substituted with one or more R5, or 5-membered heteroaryl substituted with one or 

more R6; in the “5-membered heteroaryl”, “6-membered heteroaryl”, “9- to 10-membered 10 

heteroaryl”, “6-membered heterocycloalkenyl”, “6-membered heteroaryl substituted with 

one or more R2”, “9- to 10-membered heteroaryl substituted with one or more R3”, “6-

membered heterocycloalkenyl substituted with one or more R4”, and “5-membered heteroaryl 

substituted with one or more R6”, the heteroatom is independently selected from 1, 2, or 3 of 

N, O, and S, and the number of the heteroatom is independently 1, 2, 3, or 4; 15 

each of R2, R3, R4, R5, and R6 is independently oxo, halogen, RN-4a, RN-4b, C1-6 alkyl, C1-6 

alkyl substituted with one or more halogens, cyano, C1-6 alkoxy, -O-RN-6a, or -Y-RN-13; 

RN-6a is a saturated or partially saturated 3-, 4-, 5-, or 6-membered monocyclic ring 

comprising 0, 1, 2, or 3 N atoms and 0, 1, or 2 atoms selected from O and S; 

Y is -C1-6 alkyl-, -N(C1-6 alkyl)-C1-6 alkyl-, -C(=O)NRN-aRN-a(C1-6 alkyl), -O-, -O-C1-6 alkyl-, 20 

S, S=O, S(=O)2, -S(=O)(=N-RN-13)-, or -S(=O)(=NH)-; 

RN-13 is RN-13a or RN-13b; 

each of RN-4a, RN-8a, RN-10k, and RN-13a is independently selected from the group consisting of: 

a saturated, partially saturated, or unsaturated 3-, 4-, 5-, 6-, or 7-membered monocyclic ring 

or 4-, 5-, 6-, 7-, 8-, 9-, 10-, 11-, or 12-membered bicyclic ring comprising 0, 1, 2, or 3 N 25 

atoms and 0, 1, or 2 atoms selected from O and S, wherein the monocyclic or bicyclic ring is 

substituted with 0, 1, 2, or 3 groups selected from: halogen, C1-6 alkyl, C1-6 alkyl substituted 

with one or more halogens, -ORN-a, C1-6 alkoxy substituted with one or more halogens, CN, 
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-C(=O)RN-b, -C(=O)ORN-a, -C(=O)NRN-aRN-a, -C(=NRN-a)NRN-aRN-a, -OC(=O)RN-b, -

OC(=O)NRN-aRN-a, -OC1-6 alkyl NRN-aRN-a, -OC1-6 alkyl ORN-a, -SRN-a, -S(=O)RN-b, -

S(=O)2RN-b, -S(=O)2NRN-aRN-a, -NRN-aRN-a, -N(RN-a)C(=O)RN-b, -N(RN-a)C(=O)ORN-b, -

N(RN-a)C(=O)NRN-aRN-a, -N(RN-a)C(=NRN-a)NRN-aRN-a, -N(RN-a)S(=O)2RN-b, -N(RN-

a)S(=O)2NRN-aRN-a, -NRN-aC1-6 alkyl NRN-aRN-a, -NRN-aC1-6 alkyl ORN-a, -C1-6 alkyl NRN-aRN-5 

a, -C1-6 alkyl ORN-a, -C1-6 alkyl N(RN-a)C(=O)RN-b, -C1-6 alkyl OC(=O)RN-b, -C1-6 alkyl 

C(=O)NRN-aRN-a, -C1-6 alkyl C(=O)ORN-a, RN-14, and oxo; 

each of RN-4b, RN-8b, RN-10l, and RN-13b is independently C1-6 alkyl substituted with 0, 1, 2, 3, 

4, or 5 groups selected from halogen, -ORN-a, C1-6 alkoxy substituted with one or more 

halogens, and CN; 10 

each RN-14 is independently selected from the group consisting of: a saturated, partially 

saturated, or unsaturated 3-, 4-, 5-, 6-, or 7-membered monocyclic ring or 4-, 5-, 6-, 7-, 8-, 

9-, 10-, 11-, or 12-membered bicyclic ring comprising 0, 1, 2, or 3 N atoms and 0 or 1 atom 

selected from O and S, wherein the monocyclic or bicyclic ring is substituted with 0, 1, 2, or 

3 groups selected from: halogen, C1-6 alkyl, C1-6 alkyl substituted with one or more halogens, 15 

-ORN-a, C1-6 alkoxy substituted with one or more halogens, CN, -C(=O)RN-b, -C(=O)ORN-a, -

C(=O)NRN-aRN-a, -C(=NRN-a)NRN-aRN-a, -OC(=O)RN-b, -OC(=O)NRN-aRN-a, -OC1-6 alkyl 

NRN-aRN-a, -OC1-6 alkyl ORN-a, -SRN-a, -S(=O)RN-b, -S(=O)2RN-b, -S(=O)2NRN-aRN-a, -NRN-

aRN-a, -N(RN-a)C(=O)RN-b, -N(RN-a)C(=O)ORN-b, -N(RN-a)C(=O)NRN-aRN-a, -N(RN-

a)C(=NRN-a)NRN-aRN-a, -N(RN-a)S(=O)2RN-b, -N(RN-a)S(=O)2NRN-aRN-a, -NRN-aC1-6 alkyl 20 

NRN-aRN-a, -NRN-aC1-6 alkyl ORN-a, -C1-6 alkyl NRN-aRN-a, -C1-6 alkyl ORN-a, -C1-6 alkyl N(RN-

a)C(=O)RN-b, -C1-6 alkyl OC(=O)RN-b, -C1-6 alkyl C(=O)NRN-aRN-a, -C1-6 alkyl C(=O)ORN-a, 

and oxo; 

each RN-a is independently H or RN-b; 

each RN-b is independently C1-6 alkyl, phenyl, or benzyl, wherein the C1‑6 alkyl is substituted 25 

with 0, 1, 2, or 3 substituents selected from: halogen, -OH, -OC1‑6 alkyl, -NH2, -NHC1‑6 alkyl, 

-OC(=O)C1‑6 alkyl, or -N(C1‑6 alkyl)C1‑6 alkyl; and the phenyl or benzyl is substituted with 

0, 1, 2, or 3 substituents selected from: halogen, C1‑6 alkyl, C1-6 alkyl substituted with one or 



 

214 
 

 

more halogens, -OH, -OC1‑6 alkyl, -NH2, -NHC1‑6 alkyl, -OC(=O)C1‑6 alkyl, or -N(C1‑6 

alkyl)C1‑6 alkyl; 

W and X2 are as defined in any one of the following schemes: 

scheme 1: W is *-CONRW-; X2 is RW-1; * represents the end connected to ring A; 

scheme 2: W is *-NRWCO-; X2 is RW-1; * represents the end connected to ring A; and 5 

scheme 3: W is *-C(=X1)NRW-; X1, X2, and the C atoms therebetween together form 6-

membered heteroaryl; in the 6-membered heteroaryl, the heteroatom is selected from 1, 2, or 

3 of N, O, and S, and the number of the heteroatom is 1, 2, or 3; * represents the end connected 

to ring A; 

RW is H, C1-6 alkyl, or C1-6 alkyl substituted with one or more halogens; 10 

RW-1 is H, halogen, C1-6 alkyl, or C1-6 alkyl substituted with one or more halogens; and 

the compound represented by formula I satisfies one, two, or three of the following 

conditions: 

condition 1: Rx is 6- to 9-membered bridged heterocycloalkyl or 6- to 9-membered bridged 

heterocycloalkyl substituted with one or more Rx-2; 15 

condition 2: M is naphthyl, 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-

membered heterocycloalkenyl, naphthyl substituted with one or more R5, 5-membered 

heteroaryl substituted with one or more R6, 9- to 10-membered heteroaryl substituted with 

one or more R3, or 6-membered heterocycloalkenyl substituted with one or more R4; and 

condition 3: W is *-C(=X1)NRW-; X1, X2, and the C atoms therebetween together form 6-20 

membered heteroaryl. 

 

2. A nitrogen-containing compound represented by formula II, a pharmaceutically acceptable 

salt thereof, a stereoisomer thereof, a tautomer thereof, a metabolite thereof, a prodrug 

thereof, an isotopically labeled derivative thereof, a solvate thereof, or a solvate of the 25 

pharmaceutically acceptable salt thereof: 
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wherein Rx is 3- to 6-membered monocyclic cycloalkyl, 5- to 6-membered monocyclic 

heterocycloalkyl, 6- to 9-membered bridged heterocycloalkyl, 7- to 9-membered spiro 

heterocycloalkyl, 5- to 6-membered monocyclic heterocycloalkyl substituted with one or 

more Rx-1, 6- to 9-membered bridged heterocycloalkyl substituted with one or more Rx-2, 7- 5 

to 9-membered spiro heterocycloalkyl substituted with one or more Rx-3, or 3- to 6-membered 

monocyclic cycloalkyl substituted with one or more Rx-4; in the “5- to 6-membered 

monocyclic heterocycloalkyl”, the “6- to 9-membered bridged heterocycloalkyl”, the “7- to 

9-membered spiro heterocycloalkyl”, the “5- to 6-membered monocyclic heterocycloalkyl 

substituted with one or more Rx-1”, the “6- to 9-membered bridged heterocycloalkyl 10 

substituted with one or more Rx-2”, and the “7- to 9-membered spiro heterocycloalkyl 

substituted with one or more Rx-3”, the heteroatom(s) independently consist(s) of 1 N atom 

and 0, 1, or 2 X atoms, the X atom being independently selected from 1 or 2 of N, O, and S; 

the “5- to 6-membered monocyclic heterocycloalkyl”, the “6- to 9-membered bridged 

heterocycloalkyl”, the “7- to 9-membered spiro heterocycloalkyl”, the “5- to 6-membered 15 

monocyclic heterocycloalkyl substituted with one or more Rx-1”, the “6- to 9-membered 

bridged heterocycloalkyl substituted with one or more Rx-2”, and the “7- to 9-membered spiro 

heterocycloalkyl substituted with one or more Rx-3” are connected to ring A through the N 

atom; 

each of Rx-1, Rx-2, Rx-3, and Rx-4 is independently halogen, C1-6 alkyl, C1-6 alkoxy, C1-6 alkyl 20 

substituted with one or more halogens, or C1-6 alkoxy substituted with one or more halogens; 

R1 is -L-R1-1; 

L is *-NHSO2-, -NH-, *-NHC(O)-, -NHC(O)NH-, *-SO2NH-, or -SO2-; * represents the end 

connected to ring A; 

R1-1 is C1-6 alkyl, 3- to 6-membered monocyclic cycloalkyl, 4- to 8-membered monocyclic 25 

heterocycloalkyl, C1-6 alkyl substituted with one or more Ra, or 3- to 6-membered monocyclic 
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cycloalkyl substituted with one or more Rb; in the 4- to 8-membered monocyclic 

heterocycloalkyl, the heteroatom is independently selected from 1, 2, or 3 of N, O, and S, and 

the number of the heteroatom is independently 1, 2, 3, or 4; 

each Ra is independently hydroxyl, halogen, or -NH(Ra-1); 

Ra-1 is C1-6 alkyl; 5 

each Rb is independently C1-6 alkyl or C1-6 alkyl substituted with one or more hydroxyl;  

B is phenyl, naphthyl, 5-membered heteroaryl, 6-membered heteroaryl, 9- to 10-membered 

heteroaryl, 6-membered heterocycloalkenyl, 6-membered heteroaryl substituted with one or 

more R2, 9- to 10-membered heteroaryl substituted with one or more R3, 6-membered 

heterocycloalkenyl substituted with one or more R4, phenyl substituted with one or more R5, 10 

naphthyl substituted with one or more R5, or 5-membered heteroaryl substituted with one or 

more R6; in the “5-membered heteroaryl”, “6-membered heteroaryl”, “9- to 10-membered 

heteroaryl”, “6-membered heterocycloalkenyl”, “6-membered heteroaryl substituted with 

one or more R2”, “9- to 10-membered heteroaryl substituted with one or more R3”, “6-

membered heterocycloalkenyl substituted with one or more R4”, and “5-membered heteroaryl 15 

substituted with one or more R6”, the heteroatom is independently selected from 1, 2, or 3 of 

N, O, and S, and the number of the heteroatom is independently 1, 2, 3, or 4; 

each of R2, R3, R4, R5, and R6 is independently halogen, cyano, oxo (=O), C1-6 alkyl, or C1-6 

alkyl substituted with one or more halogens; 

U is 3- to 10-membered cycloalkyl, 4- to 10-membered heterocycloalkyl, 6- to 10-membered 20 

aryl, 5- to 10-membered heteroaryl, 3- to 10-membered cycloalkyl substituted with one or 

more R2-1, 4- to 10-membered heterocycloalkyl substituted with one or more R2-2, or 5- to 

10-membered heteroaryl substituted with one or more R2-3; in the “5- to 10-membered 

heteroaryl”, “4- to 10-membered heterocycloalkyl”, “4- to 10-membered heterocycloalkyl 

substituted with one or more R2-2”, and “5- to 10-membered heteroaryl substituted with one 25 

or more R2-3”, the heteroatom is independently selected from 1, 2, or 3 of N, O, and S, and 

the number of the heteroatom is independently 1, 2, 3, or 4; 

each of R2-1, R2-2, and R2-3 is independently halogen, C1-6 alkyl, oxo, CN, hydroxyl, 3- to 6-

membered monocyclic cycloalkyl, C1-6 alkyl substituted with one or more halogens, C1-6 
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alkoxy substituted with one or more halogens, 3- to 6-membered monocyclic cycloalkyl 

substituted with one or more halogens, or C1-6 alkoxy; 

W and X2 are as defined in any one of the following schemes: 

(1) W is *-CONRW-; X2 is RW-1; * represents the end connected to ring A; 

(2) W is *-NRWCO-; X2 is RW-1; * represents the end connected to ring A; and 5 

(3) W is *-C(=X1)NRW-; X1, X2, and the C atoms therebetween together form 6-membered 

heteroaryl; in the 6-membered heteroaryl, the heteroatom is selected from 1, 2, or 3 of N, O, 

and S, and the number of the heteroatom is 1, 2, or 3; * represents the end connected to ring 

A; 

RW is H, C1-6 alkyl, or C1-6 alkyl substituted with one or more halogens; 10 

RW-1 is H, halogen, C1-6 alkyl, or C1-6 alkyl substituted with one or more halogens; 

G is C(R10) or N; 

R10 is H, halogen, C1-6 alkyl, hydroxyl, or C1-6 alkyl substituted with one or more halogens; 

and  

the compound represented by formula II satisfies one, two, or three of the following 15 

conditions: 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl or 6- to 9-membered bridged 

heterocycloalkyl substituted with one or more Rx-2; 

(2) B is naphthyl, 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered 

heterocycloalkenyl, naphthyl substituted with one or more R5, 5-membered heteroaryl 20 

substituted with one or more R6, 9- to 10-membered heteroaryl substituted with one or more 

R3, or 6-membered heterocycloalkenyl substituted with one or more R4; and 

(3) W is *-C(=X1)NRW-; X1, X2, and the C atoms therebetween together form 6-membered 

heteroaryl. 

 25 

3. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 2, wherein the 
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nitrogen-containing compound represented by formula II is any one of the following 

schemes: 

scheme 1: 

Rx is 6- to 9-membered bridged heterocycloalkyl, 7- to 9-membered spiro heterocycloalkyl, 

or 6- to 9-membered bridged heterocycloalkyl substituted with one or more Rx-2; in the “6- 5 

to 9-membered bridged heterocycloalkyl”, the “7- to 9-membered spiro heterocycloalkyl”, 

and the “6- to 9-membered bridged heterocycloalkyl substituted with one or more Rx-2”, the 

heteroatom(s) independently consist(s) of 1 N atom and 0, 1, or 2 X atoms, the X atom being 

independently selected from 1 or 2 of N, O, and S; the “6- to 9-membered bridged 

heterocycloalkyl”, the “7- to 9-membered spiro heterocycloalkyl”, and the “6- to 9-10 

membered bridged heterocycloalkyl substituted with one or more Rx-2” are connected to ring 

A through the N atom; 

each Rx-2 is independently C1-6 alkyl; 

R1 is -L-R1-1; 

L is *-NHSO2-; * represents the end connected to ring A; 15 

R1-1 is C1-6 alkyl, C1-6 alkyl substituted with one or more Ra, or 3- to 6-membered monocyclic 

cycloalkyl substituted with one or more Rb;  

each Ra is independently hydroxyl; 

each Rb is independently C1-6 alkyl;  

B is 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered heteroaryl 20 

substituted with one or more R2, or 9- to 10-membered heteroaryl substituted with one or 

more R3; in the “5-membered heteroaryl”, “9- to 10-membered heteroaryl”, “6-membered 

heteroaryl substituted with one or more R2”, and “9- to 10-membered heteroaryl substituted 

with one or more R3”, the heteroatom is independently selected from 1, 2, or 3 of N, O, and 

S, and the number of the heteroatom is independently 1, 2, 3, or 4; 25 

each R2 is independently C1-6 alkyl; 

each R3 is independently halogen, C1-6 alkyl, or C1-6 alkyl substituted with one or more 

halogens; 

U is 3- to 10-membered cycloalkyl, 4- to 10-membered heterocycloalkyl, 3- to 10-membered 
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cycloalkyl substituted with one or more R2-1, or 4- to 10-membered heterocycloalkyl 

substituted with one or more R2-2; in the “4- to 10-membered heterocycloalkyl” or “4- to 10-

membered heterocycloalkyl substituted with one or more R2-2”, the heteroatom is 

independently selected from 1, 2, or 3 of N, O, and S, and the number of the heteroatom is 

independently 1, 2, 3, or 4; 5 

each of R2-1, R2-2, and R2-3 is independently halogen; 

W and X2 are as defined in any one of the following schemes: 

(1) W is *-CONRW-; X2 is RW-1; * represents the end connected to ring A; and 

(2) W is *-C(=X1)NRW-; X1, X2, and the C atoms therebetween together form 6-membered 

heteroaryl; in the 6-membered heteroaryl, the heteroatom is selected from 1, 2, or 3 of N, O, 10 

and S, and the number of the heteroatom is 1, 2, or 3; * represents the end connected to ring 

A; 

RW is H; RW-1 is H; 

G is C(R10) or N; 

R10 is H; and  15 

the compound represented by formula II satisfies one, two, or three of the following 

conditions: 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl or 6- to 9-membered bridged 

heterocycloalkyl substituted with one or more Rx-2; 

(2) B is naphthyl, 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered 20 

heterocycloalkenyl, naphthyl substituted with one or more R5, 5-membered heteroaryl 

substituted with one or more R6, 9- to 10-membered heteroaryl substituted with one or more 

R3, or 6-membered heterocycloalkenyl substituted with one or more R4; and 

(3) W is *-C(=X1)NRW-; X1, X2, and the C atoms therebetween together form 6-membered 

heteroaryl; 25 

scheme 2: 

Rx is 6- to 9-membered bridged heterocycloalkyl, 7- to 9-membered spiro heterocycloalkyl, 

or 6- to 9-membered bridged heterocycloalkyl substituted with one or more Rx-2; in the “6- 

to 9-membered bridged heterocycloalkyl”, the “7- to 9-membered spiro heterocycloalkyl”, 
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and the “6- to 9-membered bridged heterocycloalkyl substituted with one or more Rx-2”, the 

heteroatom(s) independently consist(s) of 1 N atom and 0, 1, or 2 X atoms, the X atom being 

independently selected from 1 or 2 of N, O, and S; the “6- to 9-membered bridged 

heterocycloalkyl”, the “7- to 9-membered spiro heterocycloalkyl”, and the “6- to 9-

membered bridged heterocycloalkyl substituted with one or more Rx-2” are connected to ring 5 

A through the N atom; 

each Rx-2 is independently C1-6 alkyl; 

R1 is -L-R1-1; 

L is *-NHSO2-; * represents the end connected to ring A; 

R1-1 is C1-6 alkyl, C1-6 alkyl substituted with one or more Ra, or 3- to 6-membered monocyclic 10 

cycloalkyl substituted with one or more Rb;  

each Ra is independently hydroxyl; 

each Rb is independently C1-6 alkyl;  

B is 9- to 10-membered heteroaryl, 6-membered heteroaryl substituted with one or more R2, 

or 9- to 10-membered heteroaryl substituted with one or more R3; in the “5-membered 15 

heteroaryl”, “9- to 10-membered heteroaryl”, “6-membered heteroaryl substituted with one 

or more R2”, and “9- to 10-membered heteroaryl substituted with one or more R3”, the 

heteroatom is independently selected from 1, 2, or 3 of N, O, and S, and the number of the 

heteroatom is independently 1, 2, 3, or 4; when the 9- to 10-membered heteroaryl is 9-

membered heteroaryl with 2 heteroatoms, the heteroatoms are independently selected from 1 20 

or 2 of N and O; when the 9- to 10-membered heteroaryl is 9-membered heteroaryl with 3 

heteroatoms, the heteroatoms are N; when the 9- to 10-membered heteroaryl is 10-membered 

heteroaryl with 2 heteroatoms of N, the heteroatoms are located on different rings; 

when B is 6-membered heteroaryl substituted with one or more R2, Rx is 8- to 9-membered 

bridged heterocycloalkyl; in the “8- to 9-membered bridged heterocycloalkyl”, the 25 

heteroatom(s) independently consist(s) of 1 N atom and 0, 1, or 2 X atoms, the X atom being 

independently selected from 1 or 2 of N, O, and S; the “8- to 9-membered bridged 

heterocycloalkyl” is connected to ring A through the N atom; 

each R2 is independently C1-6 alkyl; 
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each R3 is independently halogen or C1-6 alkyl; 

U is 4- to 10-membered heterocycloalkyl or 4- to 10-membered heterocycloalkyl substituted 

with one or more R2-2; in the “4- to 10-membered heterocycloalkyl” or “4- to 10-membered 

heterocycloalkyl substituted with one or more R2-2”, the heteroatoms are independently 

selected from 1, 2, or 3 of N, O, and S, and the number of the heteroatoms is independently 5 

2, 3, or 4; 

each R2-2 is independently halogen; 

W is *-CONRW-; X2 is RW-1; * represents the end connected to ring A; 

RW is H; RW-1 is H; 

G is C(R10) or N; 10 

R10 is H; and  

the compound represented by formula II satisfies one or two of the following conditions: 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl or 6- to 9-membered bridged 

heterocycloalkyl substituted with one or more Rx-2; and 

(2) B is 9- to 10-membered heteroaryl or 9- to 10-membered heteroaryl substituted with one 15 

or more R3; and 

scheme 3: 

Rx is 6- to 9-membered bridged heterocycloalkyl, 6- to 9-membered bridged heterocycloalkyl 

substituted with one or more Rx-2, or 7- to 9-membered spiro heterocycloalkyl; 

each Rx-2 is independently C1-6 alkyl; 20 

R1 is -L-R1-1; 

L is *-NHSO2-; 

R1-1 is C1-6 alkyl, C1-6 alkyl substituted with one or more Ra, or 3- to 6-membered monocyclic 

cycloalkyl substituted with one or more Rb; 

Ra is hydroxyl; 25 

each Rb is independently C1-6 alkyl; 

B is 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered heteroaryl 

substituted with one or more R2, or 9- to 10-membered heteroaryl substituted with one or 

more R3; 
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each R2 is independently C1-6 alkyl; 

each R3 is independently C1-6 alkyl; 

U is 4- to 10-membered heterocycloalkyl, 3- to 10-membered cycloalkyl substituted with one 

or more R2-1, or 4- to 10-membered heterocycloalkyl substituted with one or more R2-2; 

each R2-1 is independently halogen; 5 

each R2-2 is independently halogen; 

W is *-CONH-; X2 is H; and 

the compound represented by formula II satisfies one or two of the following conditions: 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl; and 

(2) B is 5-membered heteroaryl, naphthyl, 9- to 10-membered heteroaryl, naphthyl 10 

substituted with one or more R5, or 9- to 10-membered heteroaryl substituted with one or 

more R3. 

 

4. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 15 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 2, wherein 

Rx is 6- to 9-membered bridged heterocycloalkyl, 6- to 9-membered bridged heterocycloalkyl 

substituted with one or more Rx-2, or 7- to 9-membered spiro heterocycloalkyl; 

each Rx-2 is independently C1-6 alkyl; 20 

R1 is -L-R1-1; 

L is *-NHSO2-; 

R1-1 is C1-6 alkyl, C1-6 alkyl substituted with one or more Ra, or 3- to 6-membered monocyclic 

cycloalkyl substituted with one or more Rb; 

Ra is hydroxyl; 25 

each Rb is independently C1-6 alkyl; 

B is naphthyl, 5-membered heteroaryl, 9- to 10-membered heteroaryl, naphthyl substituted 

with one or more R5, 6-membered heteroaryl substituted with one or more R2, or 9- to 10-
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membered heteroaryl substituted with one or more R3; 

each R2 is independently C1-6 alkyl; 

each R3 is independently C1-6 alkyl; 

U is 4- to 10-membered heterocycloalkyl, 3- to 10-membered cycloalkyl substituted with one 

or more R2-1, or 4- to 10-membered heterocycloalkyl substituted with one or more R2-2; 5 

each R2-1 is independently halogen; 

each R2-2 is independently halogen; 

W is *-CONH-; X2 is H; and 

the compound represented by formula II satisfies one or two of the following conditions: 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl; and 10 

(2) B is 5-membered heteroaryl, naphthyl, 9- to 10-membered heteroaryl, naphthyl 

substituted with one or more R5, or 9- to 10-membered heteroaryl substituted with one or 

more R3. 

 

5. The nitrogen-containing compound represented by formula II, the pharmaceutically 15 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 2, wherein one or 

more of the following conditions are satisfied: 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl, 7- to 9-membered spiro 20 

heterocycloalkyl, 6- to 9-membered bridged heterocycloalkyl substituted with one or more 

Rx-2, or 7- to 9-membered spiro heterocycloalkyl substituted with one or more Rx-3; 

(2) each of Rx-1, Rx-2, Rx-3, and Rx-4 is independently halogen, C1-6 alkyl, or C1-6 alkyl 

substituted with one or more halogens; 

(3) L is *-NHSO2-; 25 

(4) R1-1 is C1-6 alkyl, 3- to 6-membered monocyclic cycloalkyl, 3- to 6-membered monocyclic 

cycloalkyl substituted with one or more Rb, or C1-6 alkyl substituted with one or more Ra; 

(5) Ra is hydroxyl; 
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(6) each Rb is independently C1-6 alkyl; 

(7) B is phenyl, naphthyl, 5-membered heteroaryl, 6-membered heteroaryl, 9- to 10-

membered heteroaryl, 6-membered heterocycloalkenyl, naphthyl substituted with one or 

more R5, 6-membered heteroaryl substituted with one or more R2, 9- to 10-membered 

heteroaryl substituted with one or more R3, or 6-membered heterocycloalkenyl substituted 5 

with one or more R4; 

(8) each of R2, R3, R4, R5, and R6 is independently halogen, oxo, or C1-6 alkyl; 

(9) U is 3- to 10-membered cycloalkyl, 4- to 10-membered heterocycloalkyl, 3- to 10-

membered cycloalkyl substituted with one or more R2-1, or 4- to 10-membered 

heterocycloalkyl substituted with one or more R2-2; 10 

(10) each of R2-1, R2-2, and R2-3 is independently halogen, C1-6 alkyl, hydroxyl, C1-6 alkoxy, 

or C1-6 alkyl substituted with one or more halogens; 

(11) G is C(R10); 

(12) R10 is H, halogen, C1-6 alkyl, or C1-6 alkyl substituted with one or more halogens; and 

(13) W is *-CONRW-; X2 is RW-1; RW-1 is H or halogen; RW is H. 15 

 

6. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 2, wherein one or 20 

more of the following conditions are satisfied: 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl, 7- to 9-membered spiro 

heterocycloalkyl, or 6- to 9-membered bridged heterocycloalkyl substituted with one or more 

Rx-2; 

each Rx-2 is independently C1-6 alkyl; 25 

(2) each of Rx-1, Rx-2, Rx-3, and Rx-4 is independently C1-6 alkyl; 

(3) L is *-NHSO2- or -NH-; 

(4) B is 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered heteroaryl 
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substituted with one or more R2, or 9- to 10-membered heteroaryl substituted with one or 

more R3; 

preferably, B is 9- to 10-membered heteroaryl or 9- to 10-membered heteroaryl substituted 

with one or more R3; 

(5) when B is 6-membered heteroaryl substituted with one or more R2, Rx is 8- to 9-membered 5 

bridged heterocycloalkyl; 

(6) each of R2, R3, R4, R5, and R6 is independently halogen, C1-6 alkyl, or C1-6 alkyl substituted 

with one or more halogens; 

each R2 is independently preferably C1-6 alkyl; each R3 is independently preferably halogen 

or C1-6 alkyl; 10 

(7) U is 4- to 10-membered heterocycloalkyl or 4- to 10-membered heterocycloalkyl 

substituted with one or more R2-2; 

each R2-2 is independently halogen; 

(8) G is C(R10) or N; R10 is H; 

(9) RW is H; and 15 

(10) RW-1 is H. 

 

7. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 20 

solvate of the pharmaceutically acceptable salt thereof according to claim 2, wherein one or 

more of the following conditions are satisfied: 

(1) in B, the 9- to 10-membered heteroaryl is 9-membered heteroaryl with 2 heteroatoms 

independently selected from 1 or 2 of N and O; or 

in B, the 9- to 10-membered heteroaryl is 9-membered heteroaryl with 3 heteroatoms of N; 25 

or 

in B, the 9- to 10-membered heteroaryl is 10-membered heteroaryl with 2 heteroatoms of N, 

and the heteroatoms are located on different rings; 

(2) B is 9- to 10-membered heteroaryl, 6-membered heteroaryl substituted with one or more 
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R2, or 9- to 10-membered heteroaryl substituted with one or more R3; 

each R2 is independently C1-6 alkyl; 

each R3 is independently halogen or C1-6 alkyl; 

(3) in U, the 4- to 10-membered heterocycloalkyl is 4- to 6-membered monocyclic 

heterocycloalkyl, 6- to 9-membered bridged heterocycloalkyl, or 7- to 9-membered spiro 5 

heterocycloalkyl; 

(4) Rx is 6- to 9-membered bridged heterocycloalkyl or 6- to 9-membered bridged 

heterocycloalkyl substituted with one or more Rx-2; and 

(5) in R1-1, the C1-6 alkyl is ethyl or isopropyl. 

 10 

8. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 2, wherein one or 

more of the following conditions are satisfied: 15 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl substituted with one or more Rx-2, 6- to 

9-membered bridged heterocycloalkyl, or 7- to 9-membered spiro heterocycloalkyl, 

preferably 6- to 9-membered bridged heterocycloalkyl or 7- to 9-membered spiro 

heterocycloalkyl; 

(2) each of Rx-1, Rx-2, Rx-3, and Rx-4 is independently halogen or C1-6 alkyl, preferably C1-3 20 

alkyl, F, Cl, or Br; 

(3) R1-1 is C1-3 alkyl, C1-3 alkyl substituted with one or more Ra, or 3- to 6-membered 

monocyclic cycloalkyl substituted with one or more Rb; 

(4) B is 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered heteroaryl 

substituted with one or more R2, or 9- to 10-membered heteroaryl substituted with one or 25 

more R3, preferably 9- to 10-membered heteroaryl or 9- to 10-membered heteroaryl 

substituted with one or more R3; 

(5) each of R2, R3, R4, R5, and R6 is independently C1-3 alkyl; 
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(6) U is 4- to 9-membered heterocycloalkyl, 3- to 8-membered cycloalkyl substituted with 

one or more R2-1, or 4- to 9-membered heterocycloalkyl substituted with one or more R2-2, 

preferably 4- to 9-membered heterocycloalkyl or 4- to 9-membered heterocycloalkyl 

substituted with one or more R2-2; 

(7) each of R2-1, R2-2, and R2-3 is independently halogen, preferably F, Cl, or Br; and 5 

(8) W is *-CONRW-; X2 is RW-1; RW-1 is H; RW is H. 

 

9. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 10 

solvate of the pharmaceutically acceptable salt thereof according to claim 2, wherein one or 

more of the following conditions are satisfied: 

(1) Rx is 6- to 9-membered bridged heterocycloalkyl, 7- to 9-membered spiro 

heterocycloalkyl, 6- to 9-membered bridged heterocycloalkyl substituted with one or more 

Rx-2, or 7- to 9-membered spiro heterocycloalkyl substituted with one or more Rx-3; 15 

each of Rx-1, Rx-2, Rx-3, and Rx-4 is independently halogen, C1-6 alkyl, or C1-6 alkyl substituted 

with one or more halogens, preferably halogen or C1-6 alkyl, and more preferably C1-3 alkyl, 

F, Cl, or Br; 

(2) R1-1 is C1-6 alkyl, 3- to 6-membered monocyclic cycloalkyl substituted with one or more 

Rb, or C1-6 alkyl substituted with one or more Ra; 20 

Ra is hydroxyl; 

each Rb is independently C1-6 alkyl; 

(3) B is 5-membered heteroaryl, 9- to 10-membered heteroaryl, 6-membered heteroaryl 

substituted with one or more R2, or 9- to 10-membered heteroaryl substituted with one or 

more R3; 25 

each of R2 and R3 is independently halogen or C1-6 alkyl; 

(4) U is 3- to 10-membered cycloalkyl, 4- to 10-membered heterocycloalkyl, 3- to 10-

membered cycloalkyl substituted with one or more R2-1, or 4- to 10-membered 
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heterocycloalkyl substituted with one or more R2-2; 

each of R2-1 and R2-2 is independently halogen, C1-6 alkyl, hydroxyl, C1-6 alkoxy, or C1-6 alkyl 

substituted with one or more halogens, preferably F, Cl, or Br; 

(5) G is C(R10); R10 is H; and 

(6) the compound represented by formula II satisfies 1 or 2 of the following conditions: (a) 5 

Rx is 6- to 9-membered bridged heterocycloalkyl; and (b) B is 5-membered heteroaryl, 9- to 

10-membered heteroaryl, 6-membered heterocycloalkenyl, 6-membered heterocycloalkenyl 

substituted with one or more R4, or 9- to 10-membered heteroaryl substituted with one or 

more R3, preferably 9- to 10-membered heteroaryl or 9- to 10-membered heteroaryl 

substituted with one or more R3. 10 

 

10. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 2, wherein 15 

the nitrogen-containing compound represented by formula II is the following compound: 

; 

each V1 is independently C or N; 

V2 is N or C-R11, preferably N; 

D is partially saturated or unsaturated 5- to 6-membered carbocycle, or partially saturated or 20 

unsaturated 5- to 6-membered heterocycle, the 5- to 6-membered carbocycle or 5- to 6-

membered heterocycle being optionally substituted with 0, 1, 2, or 3 R11; in the “5- to 6-

membered heterocycle”, the heteroatom is N, O, or S, and the number of the heteroatom is 

independently 1, 2, 3, or 4; 

R11 is hydrogen, halogen, cyano, C1-6 alkyl, C1-6 alkoxy, or C1-6 alkyl substituted with one or 25 
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more halogens. 

 

11. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 5 

solvate of the pharmaceutically acceptable salt thereof according to claim 2 or 10, wherein 

one or more of the following conditions are satisfied: 

(1) each “6- to 9-membered bridged heterocycloalkyl” is independently 6- to 9-membered 

bridged heterocycloalkyl comprising 1 or 2 heteroatoms, preferably any one of the following 

fragments: 10 

, and more preferably , , , , , , 

or ; 

(2) in a certain scheme, each “9- to 10-membered heteroaryl” is independently any one of the 

following fragments: 15 
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5 

, preferably 
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 connected to U through the left dashed line, 

and more preferably        5 

  

 

connected to U through the left dashed line; 

(3) each “4- to 10-membered heterocycloalkyl” is independently 4- to 6-membered 

monocyclic heterocycloalkyl, 6- to 8-membered spiro heterocycloalkyl, or 7- to 9-membered 10 

bridged heterocycloalkyl, preferably , , , , 

 ,  , or  , and more preferably  ,  , 
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, or ; 

(4) Rx is any one of the following fragments: 

 

 , preferably  ,  ,  ,  ,  , 5 

, , , or ; 

(5) in a certain scheme, B is any one of the following fragments (the left dashed line in the 

following fragments represents the bond connected to U): 



 

233 
 

 

 

          

  or  , preferably  , 

 ,  ,  ,  ,  ,  , 5 
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 ,  ,  ,  ,  , 

 ,  ,  ,  ,  ,  , 

 ,  ,  ,  ,  ,  , 

 ,  ,  ,  ,  , 

 ,  ,  ,  ,  , or 5 

; and 

(6) U is any one of the following fragments: 

 

 

 10 
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  or  , preferably  ,  ,  ,  , 

, , , , , or . 5 

 

12. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 2 or 10, wherein 10 

one or more of the following conditions are satisfied: 

(1) each “5- to 6-membered monocyclic heterocycloalkyl” is independently 5- to 6-

membered heterocycloalkyl comprising 1 or 2 heteroatoms; 

(2) each “6- to 9-membered bridged heterocycloalkyl” is independently 6- to 9-membered 

bridged heterocycloalkyl comprising 1 or 2 heteroatoms; 15 

(3) each “7- to 9-membered spiro heterocycloalkyl” is independently 7- to 9-membered spiro 

heterocycloalkyl comprising 1 or 2 heteroatoms; 

(4) each “halogen” is independently fluorine, chlorine, bromine, or iodine; 

(5) each “C1-6 alkyl” is independently methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, or 

tert-butyl; 20 

(6) each “3- to 6-membered monocyclic cycloalkyl” is independently cyclopropyl, 

cyclobutyl, cyclopentyl, or cyclohexyl; 
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(7) each “C1-6 alkoxy” is independently methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, 

isobutoxy, or tert-butoxy; 

(8) the “4- to 8-membered monocyclic heterocycloalkyl” is “4- to 8-membered monocyclic 

heterocycloalkyl” comprising one O atom; 

(9) each 5-membered heteroaryl is independently 5-membered heteroaryl with “heteroatoms 5 

selected from 1 or 2 of N and S”; 

(10) each “6-membered heteroaryl” is independently any one of the following fragments: 

; 

(11) each “9- to 10-membered heteroaryl” is independently any one of the following 10 

fragments: 

       

      15 
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; 

(12) each “6-membered heterocycloalkenyl” is independently 6-membered 

heterocycloalkenyl with 1 or 2 heteroatoms of N; 

(13) the “3- to 10-membered cycloalkyl” is 3- to 6-membered monocyclic cycloalkyl or 6- to 5 

8-membered spiro cycloalkyl; 

(14) the “4- to 10-membered heterocycloalkyl” is 4- to 6-membered monocyclic 

heterocycloalkyl, 6- to 8-membered spiro heterocycloalkyl, or 7- to 9-membered bridged 

heterocycloalkyl; 

(15) the “6- to 10-membered aryl” is phenyl; 10 

(16) the “5- to 10-membered heteroaryl” is 5- to 6-membered heteroaryl with 1 or 2 

heteroatoms of N; and 

(17) when W is *-C(X1)NRW-, and X1, X2, and the C atoms therebetween together form 6-

membered heteroaryl, in the “6-membered heteroaryl”, the heteroatom is N, and the number 

of the heteroatom is 1 or 2. 15 

 

13. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 2 or 10, wherein 20 

one or more of the following conditions are satisfied: 

(1) each “5- to 6-membered monocyclic heterocycloalkyl” is independently   or 

; 
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(2) each “6- to 9-membered bridged heterocycloalkyl” is independently 

; 

(3) each “7- to 9-membered spiro heterocycloalkyl” is independently any one of the following 

fragments: ; 5 

(4) the “halogen” is fluorine; 

(5) each “C1-6 alkyl” is independently methyl or ethyl; 

(6) the “3- to 6-membered monocyclic cycloalkyl” is cyclopropyl; 

(7) each “C1-6 alkoxy” is independently methoxy or ethoxy; 

(8) the “4- to 8-membered monocyclic heterocycloalkyl” is ; 10 

(9) each “5-membered heteroaryl” is independently any one of the following fragments: 

; 

(10) each “6-membered heteroaryl” is independently 

 

connected to U through the left dashed line; 15 

(11) each “9- to 10-membered heteroaryl” is independently 
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connected to U through the left dashed line; 5 

(12) each “6-membered heterocycloalkenyl” is independently any one of the following 

fragments: 

; 

(13) each “3- to 10-membered cycloalkyl” is independently cyclopropyl, cyclobutyl, 

cyclopentyl, cyclohexyl, , or ; 10 

(14) each “4- to 10-membered heterocycloalkyl” is independently 4- to 6-membered 

monocyclic heterocycloalkyl, 6- to 8-membered spiro heterocycloalkyl, or 7- to 9-membered 

bridged heterocycloalkyl, preferably , , , , 
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or ; and 

(15) the “5- to 10-membered heteroaryl” is . 

 

14. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 5 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 2 or 10, wherein 

one or more of the following conditions are satisfied: 

(1) each “6- to 9-membered bridged heterocycloalkyl” is independently  ,  , 

, , or ; 10 

(2) the “7- to 9-membered spiro heterocycloalkyl” is ; 

(3) the “5-membered heteroaryl” is  , such as   connected to U 

through the right dashed line; 

(4) the “6-membered heteroaryl” is  connected to U through the left dashed 

line; 15 

(5) each “9- to 10-membered heteroaryl” is independently 
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 connected to U through the left dashed line; 

(6) the “6-membered heterocycloalkenyl” is  or  connected to 

U through the left dashed line; 

(7) the “3- to 10-membered cycloalkyl” is ; and 5 

(8) each “4- to 10-membered heterocycloalkyl” is independently  or . 

 

15. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 10 

solvate of the pharmaceutically acceptable salt thereof according to claim 2 or 10, wherein 

one or more of the following conditions are satisfied: 

(1) Rx is any one of the following fragments: 

 

15 

 or ; 

(2) R1 is any one of the following fragments: 
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 or ; 

(3) B is any one of the following fragments: 

 5 
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; and 

(4) U is any one of the following fragments: 

 

 

 5 

 

  

  or 

. 

 10 

16. The nitrogen-containing compound represented by formula II, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 2 or 10, wherein 

one or more of the following conditions are satisfied: 15 

(1) Rx is , , , , , , or ; 

(2) R1 is  ,  ,  ,  ,  , 
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 ,  ,  ,  ,  , or 

; 

(3) B is  ,  ,  ,  ,  , 

 ,  ,  ,  ,  ,  , 

 ,  ,  ,  ,  , 5 

, , , , , or ; 

(4) U is  ,  ,  ,  ,  ,  , 

, or . 

 

17. A nitrogen-containing compound, a pharmaceutically acceptable salt thereof, a 10 

stereoisomer thereof, a tautomer thereof, a metabolite thereof, a prodrug thereof, an 

isotopically labeled derivative thereof, a solvate thereof, or a solvate of the pharmaceutically 

acceptable salt thereof, wherein the nitrogen-containing compound is any one of following 

compounds: 



 

245 
 

 

 

 5 
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5 
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 5 
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5 
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  . 
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18. A pharmaceutical composition, comprising: 

(1) the nitrogen-containing compound represented by formula I, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 5 

solvate of the pharmaceutically acceptable salt thereof according to claim 1, the nitrogen-

containing compound represented by formula II, the pharmaceutically acceptable salt thereof, 

the stereoisomer thereof, the tautomer thereof, the metabolite thereof, the prodrug thereof, 

the isotopically labeled derivative thereof, the solvate thereof, or the solvate of the 

pharmaceutically acceptable salt thereof according to claim 2 or 10, or the nitrogen-10 

containing compound, the pharmaceutically acceptable salt thereof, the stereoisomer thereof, 

the tautomer thereof, the metabolite thereof, the prodrug thereof, the isotopically labeled 

derivative thereof, the solvate thereof, or the solvate of the pharmaceutically acceptable salt 

thereof according to claim 17, and 

(2) a pharmaceutically acceptable auxiliary material. 15 

 

19. Use of the nitrogen-containing compound represented by formula I, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 1, the nitrogen-20 

containing compound represented by formula II, the pharmaceutically acceptable salt thereof, 

the stereoisomer thereof, the tautomer thereof, the metabolite thereof, the prodrug thereof, 

the isotopically labeled derivative thereof, the solvate thereof, or the solvate of the 

pharmaceutically acceptable salt thereof according to claim 2 or 10, or the nitrogen-

containing compound, the pharmaceutically acceptable salt thereof, the stereoisomer thereof, 25 

the tautomer thereof, the metabolite thereof, the prodrug thereof, the isotopically labeled 

derivative thereof, the solvate thereof, or the solvate of the pharmaceutically acceptable salt 

thereof according to claim 17 in the preparation of a KIF18A inhibitor. 
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20. Use of the nitrogen-containing compound represented by formula I, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 1, the nitrogen-5 

containing compound represented by formula II, the pharmaceutically acceptable salt thereof, 

the stereoisomer thereof, the tautomer thereof, the metabolite thereof, the prodrug thereof, 

the isotopically labeled derivative thereof, the solvate thereof, or the solvate of the 

pharmaceutically acceptable salt thereof according to claim 2 or 10, or the nitrogen-

containing compound, the pharmaceutically acceptable salt thereof, the stereoisomer thereof, 10 

the tautomer thereof, the metabolite thereof, the prodrug thereof, the isotopically labeled 

derivative thereof, the solvate thereof, or the solvate of the pharmaceutically acceptable salt 

thereof according to claim 17 in the preparation of a medicament, wherein the medicament 

is used for treating a disease related to the mechanism of action of a KIF18A protein, for 

example, a cancer, and for another example, a cancer related to the mechanism of action of 15 

the KIF18A protein; preferably, the cancer is ovarian cancer, colon cancer, or ductal breast 

cancer. 

 

21. Use of the nitrogen-containing compound represented by formula I, the pharmaceutically 

acceptable salt thereof, the stereoisomer thereof, the tautomer thereof, the metabolite thereof, 20 

the prodrug thereof, the isotopically labeled derivative thereof, the solvate thereof, or the 

solvate of the pharmaceutically acceptable salt thereof according to claim 1, the nitrogen-

containing compound represented by formula II, the pharmaceutically acceptable salt thereof, 

the stereoisomer thereof, the tautomer thereof, the metabolite thereof, the prodrug thereof, 

the isotopically labeled derivative thereof, the solvate thereof, or the solvate of the 25 

pharmaceutically acceptable salt thereof according to claim 2 or 10, or the nitrogen-

containing compound, the pharmaceutically acceptable salt thereof, the stereoisomer thereof, 

the tautomer thereof, the metabolite thereof, the prodrug thereof, the isotopically labeled 

derivative thereof, the solvate thereof, or the solvate of the pharmaceutically acceptable salt 
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thereof according to claim 17 in the preparation of a medicament, wherein the medicament 

is used for treating a cancer; preferably, the cancer is ovarian cancer, colon cancer, or ductal 

breast cancer. 


