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BISPECIFIC ANTIBODY-CAMPTOTHECIN DRUG CONJUGATE AND
PHARMACEUTICAL USE THEREOF

TECHNICAL FIELD
The present invention relates to the field of
biopharmaceuticals, and specifically to an antibody-drug
conjugate formed by a bispecific antibody and a camptothecin
drug, and to a method of preparation and application of the
antibody-drug conjugate. The present invention also relates to
linker-drug compounds that can be coupled with Ab to form an

antibody-toxin conjugate.

TECHNICAL BACKGROUND

Epidermal Growth Factor Receptor (EGFR) and human epidermal
growth factor receptor 3 (also known as HER3 and ErbB3) are
receptor protein tyrosine kinases and belong to the epidermal
growth fTactor receptor (EGFR) subfamily of receptor protein
tyrosine kinases, which includes EGFR (ErbB-1), HER2/c-neu
(ErbB-2), HER3 (ErbB-3) and HER4 (ErbB-4).

The epidermal growth factor receptor is a glycoprotein with
a molecular weight of 170 kDa that crosses cell membranes and
Is activated by binding to ligands. Upon activation, EGFR is
converted from a monomer to an auto-dimer or forms a heterodimer
with other HER fTamily members. Dimer fTormation activates
intracellular kinase pathways that direct the phosphorylation
of downstream pathways, i1ncluding the MAPK, Akt, and JNK
pathways, to induce cell proliferation. Studies have shown that
high expression of EGFR 1is associated with +tumor cell
proliferation, angiogenesis, tumor invasion, etc. EGFR-related
signaling pathways play a very important role In the maintenance
and growth of epidermal tissues. Especially in breast cancer,
malignant glioma and lung cancer, EGFR can promote tumorigenesis.
In lung cancer tissues, the EGFR signaling pathway shows a
stimulated state, and there is a positive correlation between

the expression level of EGFR and the stage of cancer development.



10

15

20

25

30

35

Meanwhile, more and more studies are using EGFR as a biomarker
of tumor drug resistance due to the Tfinding of secondary
mutations of EGFR under drug stress.

Epidermal growth factor receptor 3 (HER3 or ErbB3) also has
the structure of a typical epidermal growth factor receptor,
but HER3 lacks the structural domain of the intracellular
protein tyrosine kinase and thus cannot autophosphorylate. HER3
can bind to ligand proteins and promote their heterodimerization
with other human epidermal growth factor receptor family members
to activate receptor-mediated signaling pathways, which not
only acts as a signal diversification means, but also plays a
role of signal amplification and accelerates tumor progression.
Heregulins (glial cell growth factor, neu differentiation
factor) can activate intracellular kinase-dependent multistep
signaling pathway responses upon binding to the transmembrane
receptors HER3 and HER4. Down-regulation of this signaling
pathway often leads to Alzheimer"s disease, heart Tfailure,
atherosclerosis, and cancer, etc. Up-regulation of HER3
expression level can promote tumorigenesis and growth by
interacting with receptor tyrosine kinases (RTKs). Also, since
HER3 1s a heterodimeric molecular chaperone for other EGFR
family members, it has the potential to modulate EGFR/HER2
signaling pathway-mediated drug resistance iIn cancer cells.
Studies have also shown that HER3 defeats cancer therapy by
activating the PI3K/AKT, MAPK/ERK and JAK/STAT signaling
pathways.

Overexpression/dysregulation of EGFR and HER3 has been
closely associated with the development of a variety of tumors.
EGFR and HER3 have been shown to drive tumor progression 1in
solid tumors such as breast, lung, gastric, and pancreatic
cancers. Several studies have shown that high expression of
HER3 is associated with clinical failure of EGFR antibodies and
inhibitors. Several combination drug therapies targeting EGFR
and HER3 are already underway in clinical settings.

Monoclonal antibodies have been widely used in anti-tumor
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therapy iIn recent years, but their efficacy leaves much to be
desired. A large number of tumor patients have poor clinical
responses, and some patients with clinical responses develop
drug resistance after a sustained period of monoclonal antibody
therapy, leading to tumor recurrence. A bispecific monoclonal
antibody is a monoclonal antibody molecule with two different
antigen recognition sequences, which can bind protein molecules
of two antigenic epitopes, and thus can achieve, for example,
a variety of new and unique anti-tumor mechanisms, such as
mediating the killing of tumor cells by immune cells, mediating
the killing of tumor cells by toxic small molecules, or blocking
the signaling pathways that promote the growth of tumors. The
development of bispecific monoclonal antibodies is mainly 1in
consideration of the fact that multiple mediators participate
in the pathogenesis of tumors through specific or overlapping
mechanisms, and 1f multiple targets are blocked at the same
time, this will produce better therapeutic effects than
inhibition of a single target, and at the same time, the action
of multiple targets greatly reduces the probability of
developing drug resistance. Currently, two Dbispecific
antibodies, Catumaxomab and Blinatumomab, have been approved
for marketing iIn the U.S., and more than Tifty bispecific
antibody molecules are in clinical trials.

Antibody-Drug Conjugates (ADCs) are molecules with
specifically targeted killing effects, obtained by attaching
small molecule toxins with cell-killing effects to antibodies,
and are mainly used in the treatment of tumors and other
diseases. Antibody-drug coupled drugs use antibodies that can
specifically bind to proteins on the surface of tumor cells,
and therefore have tumor specificity and potential unachievable
by conventional drugs. Currently, 12 ADC drugs have received
marketing approval worldwide and hundreds of programs are 1in
clinical trials. However, most ADC programs currently on the
market or in clinical settings are directed at a single target

and cannot achieve the synergistic benefits of dual-target
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SUMMARY OF THE INVENTION

The inventors, based on a comprehensive understanding of the
ADC class of drugs, disclose a bispecific antibody-drug
conjugate and a method of preparing the same, a pharmaceutical
composition comprising said conjugate and a use of said
conjugate or pharmaceutical composition. The present invention
also relates to linker-drug compounds that can be coupled to a
bispecific antibody to form an antibody-toxin conjugate.

A first aspect of the present invention discloses a ligand-
camptothecin derivative conjugate as shown in general formula

I or a pharmaceutically acceptable salt or solvate thereof;

—TAb

wherein:

Ab i1s a bispecific antibody or antigen-binding fragment

thereof that simultaneously targets two different epitopes or

targets;

L:1 1s selected without limitation from the group:
0O
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L, has the structure shown in formula A below,

Y-
SAc

formula A

wherein Y 1s a scaffold selected from C1-C6 alkyl,
substituted C1-C6 alkyl, or C3-C8 cycloalkyl; preferably Y is
C1-C6 alkyl; Ac is a hydrophilic structural unit; and the carbon
No. 2 attached to Y has absolute chirality 1iIn the R
configuration or the S configuration;

Lz 1s present or absent, and when present, Lz 1s selected

I o o o
from PEG hydrophilic units: o , 0 is selected from an
integer in the range of 1-10 (e.g-, 1, 2, 3, 4, 5, 6, 7, 8, 9,
or 10), preferably an integer in the range of 2-8;

L4 is an enzymatic cutting unit;

Ls is a linking unit;

in formula 1, the No. 1 chiral carbon atom attached to N has
absolute chirality in the R configuration or the S configuration;

R is selected from hydrogen atom, deuterium atom, halogen,
Cl1-C6 alkyl, substituted Cl1-C6 alkyl, deuterated Cl1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, C6-C10
aryl, substituted C6-C10 aryl, 5-10-membered heteroaryl,
substituted 5-10-membered heteroaryl;

preferably R is selected from a hydrogen atom or a C1-C6
alkyl group;

R:1 is selected from hydrogen atom, deuterium atom, halogen,
Cl-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, carboxyl,
3-7-membered heterocyclyl, substituted 3-7-membered
heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-10-
membered-heteroaryl, or substituted 5-10-membered heteroaryl;

preferably R: is selected from a hydrogen atom or a C1-C6
alkyl group;

more preferably R: is selected from C1-C6 alkyl;
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R> is selected from hydrogen atom, deuterium atom, halogen,
Cl-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, carboxyl
3-7-membered heterocyclyl, substituted 3-7-membered
heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-10-
membered heteroaryl, substituted 5-10-membered heteroaryl;

preferably R> is selected from a hydrogen atom, a halogen or
a C1-C6 alkyl group;

more preferably R> is selected from halogen;

X 1s selected from -C(0)-CRaRb-(CR3Rs)n-0-, -C(0)-CRaRnh-
(CR3R4)m-NH- or -C(0)-CRaRb-(CR3R4)n-S-;

preferably X is selected from -C(0)-CRaRp-(CR3R4)n-0-;

Ra and R, are each independently selected from a hydrogen
atom, a deuterium atom, a halogen, a C1-C6 alkyl, a deuterated
Cl1-C6 alkyl, a halogenated C1-C6 alkyl, a C3-C8 cycloalkyl, a
C3-C8 cycloalkyl C1-C6 alkyl, a C6-C10 aryl Cl1-C6 alkyl, a Cl-
C6 alkoxy C1-C6 alkyl, a 3-7-membered heterocyclic group, a
substituted 3-7-membered heterocyclic group, a C6-C10 aryl,
substituted C6-C10 aryl, 5-10-membered heteroaryl, substituted
5-10-membered heteroaryl;

preferably, Ra and R, are each independently selected from a
hydrogen atom, a C1-C6 alkyl, a halo-C1-C6 alkyl, a C3-C8
cycloalkyl C1-C6 alkyl or a C6-C10 aryl C1-C6 alkyl;

alternatively, Ra, Rp and the carbon atoms to which they are
attached constitute a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl
Cl1-C6 alkyl group, a 3-7-membered heterocyclyl group, a
substituted 3-7-membered heterocyclyl group; preferably Ra, Rp
and the carbon atoms to which they are attached constitute a
C3-C8 cycloalkyl group;

Rz, Rs are identical or different and are each independently
a hydrogen atom, deuterium atom, halogen, C1-C6 alkyl,
halogenated C1-C6 alkyl, deuterated C1-C6 alkyl, Cl1-C6 alkoxy,
hydroxyl, amino, cyano, nitro, hydroxy C1-C6 alkyl, C3-C8
cycloalkyl, 3-7-membered heterocyclyl, or substituted 3-7-

membered heterocyclyl;
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preferably, Rs, Rs are each independently a hydrogen atom or
C1-C6 alkyl group;

alternatively, R3, R4 and the carbon atoms attached thereto
constitute a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl C1-C6
alkyl group, a 3-7-membered heterocyclic group, or a substituted
3-7-membered heterocyclic group;

m is selected from integers 0-4 (e.g., O, 1, 2, 3, or 4),
preferably 0, 1; n is selected from integers 1-10 (e.g., 1, 2,
3, 4,5, 6, 7, 8, 9, or 10).

In some embodiments of the Tfirst aspect of the present
invention, ligand-camptothecin derivative conjugates as shown
in general formula 1 or pharmaceutically acceptable salts or
solvates thereof are disclosed, characterized in that Ab is a
bispecific antibody or antigen-binding fragment thereof that
simultaneously targets two different epitopes or targets,
preferably a bispecific antibody or antigen-binding fragment
thereof that simultaneously targets EGFR and HER3.

In some embodiments of the first aspect of the present
invention, the disclosure of a ligand-camptothecin derivative
conjugate as shown in general formula 1, or a pharmaceutically
acceptable salt or solvate thereof, is characterized in that
the Ab antibody comprises: an IgGl heavy chain, a x light chain,
and a single-chain Fv (scFv) structural domain; wherein said
single-chain Fv (scFv) structural domain forms a construct with
the IgGl heavy chain or the x light chain; wherein said IgGl
heavy chain and x light chain form an IgG portion with binding
specificity for EGFR; said scFv structural domain has binding
specificity for HER3, and the scFv structural domain is
connected by a linker (e.g., having an amino acid sequence of
(gly-gly-gly-gly-ser)n, wherein n is an integer of at least 1,
preferably n is an integer of 1 to 10) to the C-terminus or N-
terminus of said 1gGl heavy chain or C-terminus or N-terminus
of said x 1light <chain; and wherein the single-chain Fv
structural domain has a structural order of N-terminus-heavy

chain variable region-joint-light chain variable region-C-
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terminus or N-terminus-light chain variable region-joint-heavy
chain variable region-C-terminus (e.g., said joint consists of
an amino acid sequence of (gly-gly-gly-gly-ser)m, wherein m 1is
an integer of at least 3, preferably m is 3, 4, 5, or 6).

In some embodiments of the Tfirst aspect of the present
invention, the disclosure of a ligand-camptothecin derivative
conjugate as shown in general formula I, or a pharmaceutically
acceptable salt or solvate thereof, i1s characterized in that
the x light chain of the Ab antibody comprises CDRs as shown in
SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 27, and the 1gG1l
heavy chain comprises CDRs as shown in SEQ ID NO: 29, SEQ ID
NO: 30, and SEQ ID NO: 31, and the single-chain Fv (scFv)
structural domain comprises the heavy chain variable region
CDRs as shown in SEQ ID NO: 32, SEQ ID NO: 33, and SEQ ID NO:
34, and light chain variable region CDRs as shown in SEQ ID NO:
35, SEQ ID NO: 36, and SEQ ID NO: 37.

In some embodiments of the first aspect of the present
invention, the ligand-camptothecin derivative conjugate shown
in general formula I, or a pharmaceutically acceptable salt or
solvate thereof, i1s disclosed, characterized in that the light
chain of the Ab antibody comprises a variable region as shown
in SEQ ID NO: 28, the 1gGl heavy chain comprises a variable
region as shown in SEQ ID NO: 38, and the single chain Fv (scFv)
structural domain comprises a heavy chain variable region as
shown 1n SEQ ID NO: 39 and a light chain variable region as
shown 1n SEQ ID NO: 40.

In some embodiments of the Tfirst aspect of the present
invention, a ligand-camptothecin derivative conjugate shown in
general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, is disclosed, characterized in that the light
chain amino acid sequence of the Ab antibody is SEQ ID NO: 2,
and the amino acid sequence of the construct of the antibody
heavy chain and the single-chain Fv (scFv) structural domain is
SEQ ID NO: 4.

In some embodiments of the Tfirst aspect of the present
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invention, the ligand-camptothecin derivative conjugate shown
in general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, is disclosed, characterized in that the light
chain nucleic acid coding sequence of the Ab antibody is SEQ ID
NO: 1, and the nucleic acid coding sequence of the construct of
the antibody heavy chain and the single-chain Fv (scFv)
structural domain is SEQ ID NO: 3.

In some embodiments of the Tfirst aspect of the present
invention, a ligand-camptothecin derivative conjugate shown in
general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, is disclosed, characterized in that the x light
chain of the Ab antibody comprises CDRs as shown in SEQ ID NO:
41, SEQ ID NO: 42, and SEQ ID NO: 43, the 1gGl heavy chain
comprises CDRs as shown in SEQ ID NO: 45, SEQ ID NO: 46, and
SEQ ID NO: 47, and the single-chain Fv (scFv) structural domain
comprises heavy chain variable region CDRs as shown in SEQ ID
NO: 32, SEQ ID NO: 33, and SEQ ID NO: 34, and light chain
variable region CDRs as shown in SEQ ID NO: 35, SEQ ID NO: 36,
and SEQ ID NO: 37.

In some embodiments of the first aspect of the present
invention, the ligand-camptothecin derivative conjugate shown
in general formula I, or a pharmaceutically acceptable salt or
solvate thereof, i1s disclosed, characterized in that the light
chain of the Ab antibody comprises a variable region as shown
in SEQ ID NO: 44, the 1gGl heavy chain comprises a variable
region as shown in SEQ ID NO: 48, and the single-chain Fv (scFv)
structural domain comprises a heavy chain variable region as
shown in SEQ ID NO: 39 and a light chain variable region as
shown in SEQ ID NO: 40.

In some embodiments of the Tfirst aspect of the present
invention, a ligand-camptothecin derivative conjugate shown in
general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, is disclosed, characterized in that the light
chain amino acid sequence of the Ab antibody is SEQ ID NO: 6,

and the amino acid sequence of the construct of the heavy chain
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of the antibody and the single-chain Fv (scFv) structural domain
is SEQ ID NO: 8.

In some embodiments of the Tfirst aspect of the present
invention, the ligand-camptothecin derivative conjugate shown
in general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, is disclosed, characterized in that the light
chain nucleic acid coding sequence of the Ab antibody is SEQ ID
NO: 5, and the nucleic acid coding sequence of the construct of
the antibody heavy chain and the single-chain Fv (scFv)
structural domain is SEQ ID NO: 7.

In some embodiments of the Tfirst aspect of the present
invention, the ligand-camptothecin derivative conjugate shown
in general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, i1s disclosed, characterized in that the light
chain of the Ab antibody comprises a variable region as shown
in SEQ ID NO: 49, the 1gGl heavy chain comprises a variable
region as shown in SEQ ID NO: 52, and a single-chain Fv (scFv)
structural domain comprises a heavy chain variable region as
shown 1n SEQ ID NO: 50 and a light chain variable region as
shown 1n SEQ ID NO: 51.

In some embodiments of the first aspect of the present
invention, a ligand-camptothecin derivative conjugate shown in
general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, 1is disclosed, characterized iIn that an Ab
antibody has a heavy chain amino acid sequence of SEQ ID NO:
12, and a construct of the antibody light chain and a single-
chain Fv (scFv) structural domain has an amino acid sequence of
SEQ ID NO: 10.

In some embodiments of the Tfirst aspect of the present
invention, a ligand-camptothecin derivative conjugate shown in
general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, 1is disclosed, characterized in that the Ab
antibody has a heavy chain nucleic acid coding sequence of SEQ
ID NO: 11, and a construct of the light chain of the antibody

and a single-chain Fv (scFv) structural domain has a nucleic
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acid coding sequence of SEQ ID NO: 9.

In some embodiments of the Tfirst aspect of the present
invention, the ligand-camptothecin derivative conjugate shown
in general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, 1is disclosed, characterized in that the Ab
antibody has a light chain amino acid sequence of SEQ ID NO:
14, and a construct of the antibody heavy chain and a single-
chain Fv (scFv) structural domain has an amino acid sequence of
SEQ ID NO: 16.

In some embodiments of the Tfirst aspect of the present
invention, the ligand-camptothecin derivative conjugate shown
in general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, 1is disclosed, characterized in that the Ab
antibody has a light chain nucleic acid coding sequence of SEQ
ID NO: 13, and a construct of the antibody heavy chain and a
single-chain Fv (scFv) structural domain has a nucleic acid
coding sequence of SEQ ID NO: 15.

In some embodiments of the first aspect of the present
invention, the ligand-camptothecin derivative conjugate shown
in general formula I, or a pharmaceutically acceptable salt or
solvate thereof, 1is disclosed, characterized i1n that the Ab
antibody has a heavy chain amino acid sequence of SEQ ID NO:
20, and a construct of the antibody light chain and a single-
chain Fv (scFv) structural domain has an amino acid sequence of
SEQ ID NO: 18.

In some embodiments of the first aspect of the present
invention, the ligand-camptothecin derivative conjugate shown
in general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, 1is disclosed, characterized in that the Ab
antibody has a heavy chain nucleic acid coding sequence of SEQ
ID NO: 19, and a construct of the light chain of the antibody
and a single-chain Fv (scFv) structural domain has a nucleic
acid coding sequence of SEQ ID NO: 17.

In some embodiments of the Tfirst aspect of the present

invention, the ligand-camptothecin derivative conjugate shown
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in general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, is disclosed, characterized in that the light
chain of the Ab antibody comprises a variable region as shown
in SEQ ID NO: 53, an IgGl heavy chain comprises a variable
region as shown in SEQ ID NO: 54, and a single-chain Fv (scFv)
structural domain comprises a heavy chain variable region as
shown in SEQ ID NO: 50 and a light chain variable region as
shown in SEQ ID NO: 51.

In some embodiments of the Tfirst aspect of the present
invention, the ligand-camptothecin derivative conjugate shown
in general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, 1is disclosed, characterized in that the Ab
antibody has a heavy chain amino acid sequence of SEQ ID NO:
24, and the amino acid sequence of a construct of the light
chain of the antibody and a single-chain Fv (scFv) structural
domain is SEQ ID NO: 22.

In some embodiments of the first aspect of the present
invention, the ligand-camptothecin derivative conjugate shown
in general formula I, or a pharmaceutically acceptable salt or
solvate thereof, 1i1s disclosed, characterized in that the Ab
antibody has a heavy chain nucleic acid coding sequence of SEQ
ID NO: 23, and a construct of the antibody light chain and a
single-chain Fv (scFv) structural domain has a nucleic acid
coding sequence of SEQ ID NO: 21.

In some embodiments of the first aspect of the present
invention, a ligand-camptothecin derivative conjugate shown in
general formula 1, or a pharmaceutically acceptable salt or
solvate thereof, 1is disclosed, characterized in that the Ab
antibody comprises: two IgGl heavy chains; two kx light chains;
and two single-chain Fv (scFv) structural domains.

In some embodiments of the Tfirst aspect of the present
invention, ligand-camptothecin derivative conjugates as shown
in general formula 1 or pharmaceutically acceptable salts or
solvates thereof are disclosed, characterized in that said X is

selected without limitation from the following structures or

12



10

15

20

25

30

isomers thereof:

\eﬁé }/Oﬁ W o ?‘F Z/O‘a‘f ¥ o \;“X% \efnyo% ?oﬂi
0 , O , O , O » O » © » O ’

CF4
E NIO?{L ¥ i 0% }én/\oii \ﬁl)\o;‘L \£n><o:2é \ef”/(o:l‘l \efn)\o:“i
o) , O , O , O , O , O or o

where the left wavy line is linked to a camptothecin

derivative portion and the right wavy line is linked to Ls.

In some embodiments of the Tfirst aspect of the present
invention, ligand-camptothecin derivative conjugates as shown
in general formula 1 or pharmaceutically acceptable salts or
solvates thereof are disclosed, characterized in that Ls is
selected without Hlimitation from peptide residues formed of
amino acids;

wherein optionally, said amino acid is further substituted
with one or more substituents selected from deuterium atoms,
halogens, hydroxyl, cyano, amino, nitro, carboxyl, C1-C6 alkyl,
substituted C1-C6 alkyl, C1-C6 alkoxy and C3-C8 cycloalkyl or
substituted C3-C8 cycloalkyl;

preferably, said peptide residue is a peptide residue formed
from one, two or more amino acids selected from phenylalanine
(F), glycine (G), valine (V), lysine (K), citrulline (C), serine
(S), glutamic acid (E) or aspartic acid (D);

more preferably, said peptide residue iIs a tetrapeptide
residue consisting of glycine (G)-glycine (G)-phenylalanine
(F)-glycine (G).

Particularly preferably, said peptide residue is -GGFG-.

In some embodiments of the Tfirst aspect of the present
invention, ligand-camptothecin derivative conjugates as shown
in general formula 1 or pharmaceutically acceptable salts or
solvates thereof are disclosed, characterized as follows:

Ls is non-limitatively selected from -NRs(CReR7)q- oOr a
chemical bond, q is selected from an integer from 0-6 (e.g., O,
1, 2, 3, 4, 5, or 6);

13
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Rs, Re and R; are identical or different and are each
independently selected from a hydrogen atom, a deuterium atom,
a halogen, a C1-C6 alkyl group, a substituted C1-C6 alkyl group,
a deuterated C1-C6 alkyl group, a C3-C8 cycloalkyl group, a C3-
C8 cycloalkyl C1-C6 alkyl group, a C1-C6 alkoxy C1-C6 alkyl
group, a 3-7-membered heterocyclyl group, a substituted 3-7-
membered heterocyclyl group, a C6-C10 aryl group, a substituted
C6-C10 aryl, 5-10-membered heteroaryl, substituted 5-10-
membered heteroaryl;

preferably, Rs, Rs and R; are each independently selected
from a hydrogen atom or a C1-C6 alkyl group;

more preferably, Rs, Rs and Ry are each independently selected
from a hydrogen atom.

In certain embodiments, Li is selected without limitation

%
Tié ijN% Jim I ,%i@ ,ﬁvjﬁ or Aj:éw;

COOH COOH 0

from:

In some embodiments of the Tfirst aspect of the present
invention, ligand-camptothecin derivative conjugates as shown
in general formula 1 or pharmaceutically acceptable salts or
solvates thereof are disclosed, characterized in that said
linking unit -Li-L2-L3-Ls-Ls- 1s selected without limitation from

the following structures;

f( ﬁr*/fj*m yﬁﬁr¢*$¢*%
ir“j;k”/ﬁg“ﬂH@% '3%;7 “aﬁ( j)kN/ﬁ( Jk $jN§;

14
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preferably
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wherein:

Ac 1s a hydrophilic structural unit;

Rs, Re and Rz are 1identical or different and are each
independently selected from hydrogen atom, deuterium atom,
halogen, C1-C6 alkyl, substituted C1-C6 alkyl, deuterated Cl1-
C6 alkyl, C3-C8 cycloalkyl, C3-C8 cycloalkyl C1-C6 alkyl, Cl-
C6 alkoxy C1-C6 alkyl, 3-7-membered heterocyclyl, substituted
3-7-membered heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl,
5-10-membered heteroaryl, substituted 5-10-membered heteroaryl;

preferably, Rs, Rs and R; are each independently selected
from a hydrogen atom or a C1-C6 alkyl group;
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more preferably, Rs, Rs and Ry are each independently selected
from a hydrogen atom;

the carbon atom No. 2 attached to N has absolute chirality
in the R configuration or the S configuration;

the left wavy line is linked to the antibody or its antigen-
binding fragment portion, and the right wavy line is connected
to the X;

o is selected from integers 1-10 (i.e., 1, 2, 3, 4, 5, 6, 7,
8, 9, or 10).

The second aspect of the present invention discloses a
ligand-camptothecin derivative conjugate as shown in general
formula 11, or a pharmaceutically acceptable salt or solvate
thereof;

Ac

H (o} R
> )/YLB\NAWN¢LN N
(o}

n

1
wherein:
Ab i1s a bispecific antibody or antigen-binding fragment
thereof that simultaneously targets EGFR and HER3;
L1 is a linking unit that is connected to Ab, selected

without limitation from:

O
. NEO 0 . 9 %AT:EW?
fé fLH J\)L L ey ,%”% ,;:HJLH-%

COOH COOH 0]

]

0
: 5)
COOH or " cooH

[én-- ﬁka‘z KLN‘%L

preferably, L: is: , COOH _-< COOH ;

’“[éw-s- sza | /f;OH

preferably, L1 is: COOH

16



10

15

20

25

30

Lz #s present or absent, and when Lz is present, L3 1is
S L _
selected from o , 0 Is selected from integers 1-10
(e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10), preferably integers
2-8;

Ac 1s a hydrophilic structural unit;

the chiral carbon atoms at position 1, position 2 and
position 3 have two chiral configurations, namely the R absolute
configuration or the S absolute configuration;

R is selected from hydrogen atom, deuterium atom, halogen,
Cl-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, Cl1-C6 alkoxy C1-C6 alkyl, C6-C10
aryl, substituted C6-C10 aryl, 5-10-membered heteroaryl, and
substituted 5-10-membered heteroaryl;

preferably R is selected from a hydrogen atom or a C1-C6
alkyl group;

R:1 is selected from hydrogen atom, deuterium atom, halogen,
Cl-C6 alkyl, substituted C1-C6 alkyl, deuterated Cl1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, carboxyl,
3-7-membered heterocyclyl, substituted 3-7-membered
heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-10-
membered heteroaryl, substituted 5-10-membered heteroaryl;

preferably R: is selected from a hydrogen atom or a C1-C6
alkyl group;

more preferably, Ri1 iIs selected from C1-C6 alkyl;

R> is selected from hydrogen atom, deuterium atom, halogen,
Cl1-C6 alkyl, substituted Cl1-C6 alkyl, deuterated Cl1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, carboxyl,
3-7-membered heterocyclyl, substituted 3-7-membered
heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-10-
membered heteroaryl, substituted 5-10-membered heteroaryl;

preferably R is selected from a hydrogen atom, a halogen or
a C1-C6 alkyl group;

more preferably R> iIs selected from halogen;

X is selected from -C(0)-CRaRb-(CR3R4)n-0-, -C(0)-CRaRb-
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(CR3R4)m-NH- or -C(0)-CRaRb-(CR3R4)n-S-;

preferably X is selected from -C(0)-CRaRb-(CR3R4)n-0-;

Ra and Rp are each independently selected from a hydrogen
atom, a deuterium atom, a halogen, a C1-C6 alkyl group, a
deuterated C1-C6 alkyl group, a halogenated C1-C6 alkyl group,
a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl C1-C6 alkyl group,
a Cl1-C6 alkoxy C1-C6 alkyl group, a 3-7-membered heterocyclic
group, a substituted 3-7-membered heterocyclic group, a C6-C10
aryl group, a substituted C6-C10 aryl group, a 5-10-membered
heteroaryl, a substituted 5-10-membered heteroaryl;

preferably, Ra and Ry, are each independently selected from a
hydrogen atom, a C1-C6 alkyl, a halo-C1-C6 alkyl, a C3-C8
cycloalkyl C1-C6 alkyl or a C6-C10 aryl C1-C6 alkyl;

alternatively, Ra, Ro and the carbon atoms to which they are
attached constitute a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl
Cl1-C6 alkyl group, a 3-7-membered heterocyclyl group, a
substituted 3-7-membered heterocyclyl group; preferably Ra, Rp
and the carbon atoms to which they are attached constitute a
C3-C8 cycloalkyl group;

Rz, Rs are 1identical or different and are independently
hydrogen atoms, deuterium atoms, halogens, C1-C6 alkyl,
halogenated C1-C6 alkyl, deuterated C1-C6 alkyl, C1-C6 alkoxy,
hydroxyl, amino, cyano, nitro, hydroxy C1-C6 alkyl, C3-C8
cycloalkyl, 3-7-membered heterocyclyl, substituted 3-7-membered
heterocyclyl, respectively;

preferably, Rs, Rs are independently hydrogen atoms or C1-C6
alkyl groups, respectively;

alternatively, Rz, Rs and the carbon atoms attached thereto
constitute a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl C1-C6
alkyl group, a 3-7-membered heterocyclic group, a substituted

3-7-membered heterocyclic group;

m is selected from integers 0-4 (i.e., 0, 1, 2, 3 or 4),
preferably 0, 1;

n is selected from the integers 1-10 (e.g., 1, 2, 3, 4, 5,
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6, 7, 8, 9, or 10).

In some embodiments of the first and second aspects of the
present invention, 1t i1s disclosed that said ligand-
camptothecin derivative conjugate, or a pharmaceutically
acceptable salt or solvate thereof, is characterized in that:
said Ac has the structure shown in formula B, as follows,

:55{|}]H

z7Y
B

wherein:

Z 1s selected without limitation from the group consisting
of one or more of a hydrophilic structural carboxyl group,
phosphoric acid, polyphosphoric acid, phosphorous acid,
sulfonic acid, sulfinic acid, or polyethylene glycol (PEG);

preferably Z 1is selected from a hydrophilic structural
carboxyl group, phosphoric acid or polyethylene glycol (PEG);

Y*®" 1s optionally a scaffold connecting the amino group to Z;
preferably Y* is a C1-C6 alkylene group (e.g. methylene);

Ac 1s connected to the 2-position carbon that has been
labeled in structural formula 1 by means of a scaffold Y.

In some embodiments of the first aspect and the second aspect
of the present invention, it is disclosed that said ligand-
camptothecin derivative conjugate, or a pharmaceutically
acceptable salt or solvate thereof, iIs characterized iIn that:
said Ac 1i1s selected without limitation from glycine, (D/L)
alanine, (D/L) leucine, (D/L) isoleucine, (D/L) valine, (D/L)
phenylalanine, (D/L) proline, (D/L) tryptophan, (D/L) serine,
(D/L) tyrosine, (D/L) cysteine, (D/L) cystine, (D/L) arginine,
(D/L) histidine, (D/L) methionine, (D/L) asparagine, (D/L)
glutamine, (D/L) threonine, (D/L) aspartic acid, (D/L) glutamic
acid, natural or wunnatural amino acid derivatives or the
following structures or isomers thereof,

#NH %N OH H Q N © Ho oH

§ ~Tr %Nx/\/ﬂDH li;; T(K/\W

COOH O
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e I/\m OOIOHA)OL N N OH
N OH H ko N
& \)J\u ) %N\)J\H OH H/\g/ I\/\g/

H OH H H
_N O.[_OH
‘E?_ ~ IIIDI .SiN\/‘éo&)/o\ ?E_N\/‘éo“}/o\
(@) ” 4 or 8 ;
FNH

FNH HOjrl\/AerH H
giN (0N
preferably I\COOH , O 0 or \/fO/\i .

In some embodiments of the first and second aspects of the
present invention, the disclosure of said ligand-camptothecin
derivative conjugates or pharmaceutically acceptable salts or
solvates thereof is characterized in that: said Ac is selected
without limitation from a glycine, phosphoric acid, (D/L)
glutamic acid, or polyethylene glycol hydrophilic structure.

In some embodiments of the first and second aspects of the
present invention, the disclosure of said ligand-camptothecin

derivative conjugates or pharmaceutically acceptable salts or

solvates thereof is characterized in that said R.  has

the structure shown in formula d below;

wherein:

R is selected from hydrogen atom, deuterium atom, halogen,
Cl-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, Cl1-C6 alkoxy C1-C6 alkyl, C6-C10
aryl, substituted C6-C10 aryl, 5-10-membered heteroaryl,
substituted 5-10-membered heteroaryl;

preferably R is selected from a hydrogen atom or a C1-C6
alkyl group;
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R:1 is selected from hydrogen atom, deuterium atom, halogen,
Cl-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, carboxyl,
3-7-membered heterocyclyl, substituted 3-7-membered
heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-10-
membered heteroaryl, substituted 5-10-membered heteroaryl;

preferably R: is selected from a hydrogen atom or a C1-C6
alkyl group;

more preferably R: is selected from C1-C6 alkyl;

R> is selected from hydrogen atom, deuterium atom, halogen,
Cl-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, carboxyl,
3-7-membered heterocyclyl, substituted 3-7-membered
heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-10-
membered heteroaryl, substituted 5-10-membered heteroaryl;

preferably R is selected from a hydrogen atom, a halogen or
a C1-C6 alkyl group;

more preferably R> is selected from halogen;

Ra and R, are each independently selected from a hydrogen
atom, a deuterium atom, a halogen, a C1-C6 alkyl, a deuterated
Cl1-C6 alkyl, a halogenated C1-C6 alkyl, a C3-C8 cycloalkyl, a
C3-C8 cycloalkyl C1-C6 alkyl, a Cl1-C6 alkoxy C1-C6 alkyl, a 3-
7-membered heterocyclic group, a substituted 3-7-membered
heterocyclic group, a C6-C10 aryl, a substituted C6-C10 aryl,
a 5-10-membered heteroaryl, a substituted 5-10-membered
heteroaryl;

preferably, Ra and Ry, are each independently selected from a
hydrogen atom, a C1-C6 alkyl, a halo-C1-C6 alkyl, a C3-C8
cycloalkyl C1-C6 alkyl or a C6-C10 aryl C1-C6 alkyl;

preferably Ra and R, are each independently selected from a
hydrogen atom, a C1-C6 alkyl, a halo-C1-C6 alkyl, a C3-C8
cycloalkyl C1-C6 alkyl, a C6-C10 aryl; preferably Ra and R, are
each independently selected from a hydrogen atom, a methyl group,
an ethyl group, a trifluoromethyl group, a cyclopropylmethyl
group, a phenyl group;

21



10

15

20

alternatively, Ra, Ro and the carbon atoms to which they are
attached constitute a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl
Cl-C6 alkyl group, a 3-7-membered heterocyclyl group, a
substituted 3-7-membered heterocyclyl group; preferably, Ra, Rp
and the carbon atoms to which they are attached constitute a
C3-C8 cycloalkyl group (e.g., a C3-C5 cycloalkyl group);

the 1-position chiral carbon atom has two chiral
configurations, namely the R absolute configuration or the S
absolute configuration;

m is selected from O or 1.

In some embodiments of the first and second aspects of the
present invention, the disclosure of said ligand-camptothecin
derivative conjugate or a pharmaceutically acceptable salt or
solvate thereof 1is characterized iIn that: said structural
formula d i1s selected without limitation from the following

compounds:

22
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In some embodiments of the present invention, L; can comprise
a succinimide group. In these embodiments, the Iligand-drug
10 conjugate can undergo hydrolysis under readily hydrolyzable
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conditions, with the site of hydrolysis being the succinimide
group of the linker unit. When the ligand contains multiple
linker-drugs, the following scenarios can occur with varying
degrees of hydrolysis:

the succinimide groups are completely non-hydrolyzed,

iI.e., the succinimide groups are all in a closed ring form

R (o] (@]
*ﬁin-@- }AQN-E-
o or o

incomplete hydrolysis of the succinimide groups, 1.e.,

*

N-$-

some of the succinimide groups are in a closed ring form 0

% "
or 0 , and some of the succinimide groups are in an open
0 0 o 0 _
SN e e
H H H N
ring form “CcooH ,% COOH , or COOH ,g# COOH

complete hydrolysis of the succinimide groups, 1.e., the

0]

# N
o _ _ H
succinimide groups are all in an open ring form “COOH |
0] (@] a “‘i
KLNBQ k\ﬁj\N‘ﬁt /E‘\N
H H ff
2 cooH , or COOH COCH

Thus, when multiple Li containing succinimide groups are
present in the ADC at the same time (i.e., Ab is connected to
multiple drug-linkers containing succinimide groups), these
succinimide groups may be all in a closed ring form, partially
in an open ring form, or all 1In an open ring form.

It will be appreciated that the present application, even
though the succinimide group appearing in the chemical
structural formula of the ADC i1s in the closed ring form,
actually covers the three scenarios of the succinimide being
all 1n a closed ring form, partially in an open ring form, and
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all in an open ring form. A third aspect of the present invention
discloses a linker-drug compound or a pharmaceutically

acceptable salt or solvate thereof, characterized by having the

structure shown in formula 111 below,
/ o (o] H O H\/([)J\ H Ra Rb
N N NS N_O 0
q 2 \)]\H/\n/ > H/\n/ Nﬁk"%
OA o) o R”N
C

wherein:

R is selected from hydrogen atom, deuterium atom, halogen,
Cl1-C6 alkyl, substituted Cl1-C6 alkyl, deuterated Cl1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, C6-C10
aryl, substituted C6-C10 aryl, 5-10-membered heteroaryl,
substituted 5-10-membered heteroaryl;

Ra Is selected from hydrogen atom, deuterium atom, halogen,
Cl1-C6 alkyl, deuterated C1-C6 alkyl, halogenated C1-C6 alkyl,
C3-C8 cycloalkyl, C3-C8 cycloalkyl C1-C6 alkyl, Cl1-C6 alkoxy
Cl1-C6 alkyl, 3-7-membered heterocyclic group, substituted 3-7
membered heterocyclic group, C6-C10 aryl, substituted C6-C10
aryl, 5-10 membered heteroaryl, substituted 5-10-membered
heteroaryl;

Rp is selected from hydrogen atom, deuterium atom, halogen,
Cl-C6 alkyl, deuterated C1-C6 alkyl, halogenated C1-C6 alkyl,
C3-C8 cycloalkyl, C3-C8 cycloalkyl Cl1-C6 alkyl, Cl1-C6 alkoxy
Cl1-C6 alkyl, 3-7 membered heterocyclic group, substituted 3-7
membered heterocyclic group, C6-C10 aryl, substituted C6-C10
aryl, 5-10 membered heteroaryl, substituted 5-10-membered
heteroaryl;

alternatively, Ra, Rp and the carbon atoms attached thereto
constitute a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl C1-C6
alkyl group, a 3-7-membered heterocyclic group, a substituted

3-7-membered heterocyclic group;
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preferably Ra and R, are each independently selected from a
hydrogen atom, a C1-C6 alkyl, a halo-C1-C6 alkyl, a C3-C8
cycloalkyl C1-C6 alkyl, a C6-C10 aryl; preferably Ra and R, are

each independently selected from a hydrogen atom, a methyl group,

an ethyl group, a trifluoromethyl group, a cyclopropylmethyl

group, a phenyl group;

alternatively, Ra, Ro and the carbon atoms to which they are

attached constitute a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl

Cl-C6 alkyl

group, a 3-7-membered heterocyclyl group,

a

substituted 3-7-membered heterocyclyl group; preferably, Ra, Rp

and the carbon atoms to which they are attached constitute a

C3-C8 cycloalkyl group (e.g., a C3-C5 cycloalkyl group);

Lz is present or absent, and when L3 is present, it Iis
H
?}(Voé/\o% N

0 , 0 is selected from an integer from

selected from
1 to 10 (e.g-,

the 1-position or 2-position chiral

1, 2, 3, 4, 5, 6, 7, 8, 9, or 10);

carbon atom has two

chiralities, namely the R absolute configuration or S absolute

configuration;

Ac is a hydrophilic structural unit;

m is selected from O or 1.

In some embodiments of the third aspect of the present

invention, it is disclosed that said linker-drug compounds or

pharmaceutical
characterized

ly acceptable salts or solvates thereof are

in that: said Ac has the structure shown

formula B below,

wherein:

:ﬁ'}lH

Z/Y'

B

in

Z 1s selected without limitation from the group consisting

of one or more of a hydrophilic structural carboxyl group,

a

phosphoric acid, a polyphosphoric acid, a phosphorous acid, a

sulfonic acid, a sulfinic acid, or a polyethylene glycol (PEG);

Y®" 1s an optional scaffold connecting the amino group to Z;

preferably Y-

is a C1-C6 alkylene group (e.g. methylene);
26
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Ac 1s connected to the 2-position carbon that has been
labeled in structural formula 1 by means of scaffold Y.

In some embodiments of the third aspect of the present
invention, disclosed are the linker-drug compounds or
pharmaceutically acceptable salts or solvates thereof,
characterized in that said Ac is selected without limitation
from glycine, (D/L) alanine, (D/L) leucine, (D/L) isoleucine,
(b/L) wvaline, (D/L) phenylalanine, (D/L) proline, (D/L)
tryptophan, (D/L) serine, (D/L) tyrosine, (D/L) cysteine, (D/L)
cystine, (D/L) arginine, (D/L) histidine, (D/L) methionine,
(D/L) asparagine, (D/L) glutamine, (D/L) threonine, (D/L)
aspartic acid, (D/L) glutamic acid, natural or unnatural amino

acid derivatives, or the following structures,

H
or%N\/fO/\iO\ -

In some embodiments of the third aspect of the present
invention, disclosed are the [linker-drug compounds or
pharmaceutically acceptable salts or solvates thereof,
characterized iIn that: the Ac is selected without limitation
from a glycine, phosphoric acid, (D/L) glutamic acid, or
polyethylene glycol hydrophilic structure.

In some embodiments of the third aspect of the present
invention, disclosed are the [linker-drug compounds or
pharmaceutically acceptable salts or solvates thereof,
characterized iIn that said linker-drug compounds are selected
without limitation from the following structures or isomers

thereof,
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where: o 1s selected from the integers 1-10 (e.g., 1, 2, 3,
4, 5, 6, 7, 8, 9, or 10).

Said linker-drug compounds or pharmaceutically acceptable
salts or solvates thereof disclosed in the third aspect of the
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present invention can be used as intermediates for coupling
with the Iligand Ab to form ligand-camptothecin derivative
conjugates of formula 1 or formula Il described in the first
aspect and the second aspect.

A fTourth aspect of the present invention discloses a
method of preparing a ligand-camptothecin derivative conjugate
or a pharmaceutically acceptable salt or solvate thereof as
shown in general formula 1 or general formula 11 as described
in the first and second aspects, characterized in that the

method comprises the following steps,

R\N/X\LgL4’L3’L2’L1**Ab

a ligand-camptothecin derivative conjugate as shown in
general formula 1 or general formula 11 is obtained by a
coupling reaction of a reduced antibody or antigen-binding
fragment thereof with a linker-drug compound;

the chiral carbon atom at position 1, position 2, or position
3 has absolute chirality in the R configuration or S
configuration;

Ab, Li, L2, L3, L4, Ls, X, R, Ri, Rz and n are as previously
described.

The present application also relates to the use of the
linker-drug compounds or pharmaceutically acceptable salts or
solvates thereof, disclosed and described in the third aspect,
as intermediates in the preparation of ligand-camptothecin
derivative conjugates or pharmaceutically acceptable salts or
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solvates thereof. In certain embodiments, said ligand-

camptothecin derivative conjugates or pharmaceutically
acceptable salts or solvates thereof are the Iligand-
camptothecin derivative conjugates or pharmaceutically

acceptable salts or solvates thereof disclosed in the first,

second and fourth aspects of the present invention. In certain

embodiments, said preparation is carried out according to the
method of preparation disclosed in the fourth aspect.

In some embodiments of the first aspect, the second aspect
and the fourth aspect of the present invention, the disclosure

of said [ligand-camptothecin derivative conjugate, or a

pharmaceutically acceptable salt or solvate thereof, 1is

characterized 1in that said ligand-camptothecin derivative

conjugate, or a pharmaceutically acceptable salt or solvate

thereof, i1s selected without Hlimitation from the fTollowing

structures, or succinimide open-ring structures thereof, or

isomers thereof,

0 [e]
H H
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wherein:

SI-1x6.4 1is a bispecific antibody or its antigen-binding
fragment simultaneously targeting EGFR and HER3;

n is selected from the integers 1-10 (i.e., 1, 2, 3, 4, 5, 6,
7, 8, 9, or 10).

In some embodiments of the first aspect, the second aspect and
the fourth aspect of the present invention, the disclosure of said
ligand-camptothecin derivative conjugate, or a pharmaceutically
acceptable salt or solvate thereof, iIs characterized in that said
ligand-camptothecin derivative conjugate, or a pharmaceutically
acceptable salt or solvate thereof, is selected without limitation
from the following structures or succinimide open-ring structures

thereof or isomers thereof,
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wherein:

SI-1x4 i1s a bispecific antibody or 1ts antigen-binding fragment
simultaneously targeting EGFR and HER3;

n 1s selected from the integers 1-10 (i.e., 1, 2, 3, 4, 5, 6,
7, 8, 9, or 10).

In some embodiments of the first aspect, the second aspect and
the fourth aspect of the present invention, the disclosure of said

ligand-camptothecin derivative conjugate, or a pharmaceutically
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acceptable salt or solvate thereof, iIs characterized in that said
ligand-camptothecin derivative conjugate, or a pharmaceutically
acceptable salt or solvate thereof, is selected without limitation
from the following structures or succinimide open-ring structures

5 thereof or isomers thereof,
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wherein:
SI1-1x22 i1s a bispecific antibody or an antigen-binding fragment
thereof simultaneously targeting EGFR and HERS3;
15 n is selected from the integers 1-10 (e.g., 1, 2, 3, 4, 5, 6,
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7, 8, 9, or 10).

In some embodiments of the first aspect, the second aspect and
the fourth aspect of the present invention, the disclosure of said
ligand-camptothecin derivative conjugate, or a pharmaceutically

5 acceptable salt or solvate thereof, iIs characterized in that said
ligand-camptothecin derivative conjugate, or a pharmaceutically
acceptable salt or solvate thereof, is selected without limitation
from the following structures or succinimide open-ring structures

thereof or isomers thereof,
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SI-1x24 is a bispecific antibody or its antigen-binding
fragment simultaneously targeting EGFR and HER3;

n is selected from the integers 1-10 (i.e., 1, 2, 3, 4, 5, 6,
7, 8, 9, or 10).

In some embodiments of the first aspect, the second aspect and
the fourth aspect of the present invention, the disclosure of said
ligand-camptothecin derivative conjugate, or a pharmaceutically
acceptable salt or solvate thereof, iIs characterized in that said
ligand-camptothecin derivative conjugate, or a pharmaceutically
acceptable salt or solvate thereof, is selected without limitation
from the following structures or succinimide open-ring structures

thereof or isomers thereof,
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wherein:

SI1-1x25 1s a bispecific antibody or an antigen-binding fragment
thereof simultaneously targeting EGFR and HER3;

n 1s selected from the integers 1-10 (i.e., 1, 2, 3, 4, 5, 6,
7, 8, 9, or 10).

In some embodiments of the first aspect, the second aspect and
the fourth aspect of the present invention, the disclosure of said
ligand-camptothecin derivative conjugate, or a pharmaceutically
acceptable salt or solvate thereof, is characterized in that said
l1igand-camptothecin derivative conjugate, or a pharmaceutically
acceptable salt or solvate thereof, iIs selected without limitation
from the following structures or succinimide open-ring structures

thereof or isomers thereof,
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wherein:

SI-1x26 1i1s a bispecific antibody or its antigen-binding
fragment simultaneously targeting EGFR and HER3;

n is selected from the integers 1-10 (i.e., 1, 2, 3, 4, 5, 6,
7, 8, 9, or 10).

In some embodiments of the first aspect, the second aspect and
the third aspect of the present invention, the disclosure of said
ligand-camptothecin derivative conjugate or pharmaceutically
acceptable salt or solvate thereof or linker-drug compound or
pharmaceutically acceptable salt or solvate thereof is
characterized 1in that said pharmaceutically acceptable salt
comprises a sodium salt, a potassium salt, a calcium salt or a
magnesium salt formed with an acidic Tfunctional group iIn the
structural formula, and acetate, trifluoroacetate, citrate,
oxalate, tartrate, malate, nitrate, chloride, bromide, 1odide,
sulfate, bisulfate, phosphate, Jlactate, oleate, ascorbate,
salicylate, formate, glutamate, methanesulfonate, ethanesulfonate,
benzenesulfonate or p-toluenesulfonate formed with a basic
functional group In the structure.

A fTifth aspect of the present invention discloses a
pharmaceutical composition comprising a ligand-camptothecin
derivative conjugate described in the first aspect and the second
aspect or a pharmaceutically acceptable salt or solvate thereof or
a linker-drug compound described 1iIn the third aspect or a
pharmaceutically acceptable salt or solvate thereof, and
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optionally a pharmaceutically acceptable carrier.

A sixth aspect of the present invention discloses a
pharmaceutical preparation comprising a ligand-camptothecin
derivative conjugate described in the first aspect and the second
aspect, or a pharmaceutically acceptable salt or solvate thereof,
or a linker-drug compound described in the third aspect, or a
pharmaceutically acceptable salt or solvate thereof.

A seventh aspect of the present invention discloses the use of
the following in the preparation of drugs for the treatment or
prevention of cancers or tumors: the [ligand-camptothecin
derivative conjugates described in the first aspect and the second
aspect or pharmaceutically acceptable salts or solvates thereof,
or the linker-drug compounds described in the third aspect or
pharmaceutically acceptable salts or solvates thereof, or the
pharmaceutical compositions described in the fifth aspect and/or
the pharmaceutical preparations described in the sixth aspect;

alternatively, the use of the following iIn the treatment or
prevention of cancer or tumors: the ligand-camptothecin derivative
conjugates described In the first aspect and the second aspect or
pharmaceutically acceptable salts or solvates thereof, or the
linker-drug compounds described in the third aspect or
pharmaceutically acceptable salts or solvates thereof, or the
pharmaceutical compositions described in the fifth aspect and/or
the pharmaceutical preparations described in the sixth aspect;

preferably, the cancer or tumor expresses EGFR and/or HER3;

more preferably, the cancer or tumor 1is selected from
adenocarcinoma, ovarian cancer, cervical cancer, uterine cancer,
prostate cancer, renal cancer, urethral cancer, bladder cancer,
liver cancer, gastric cancer, endometrial cancer, salivary gland
cancer, esophageal cancer, lung cancer, colon cancer, rectal
cancer, colorectal cancer, bone cancer, skin cancer, thyroid
cancer, pancreatic cancer, melanoma, glioma, neuroblastoma,
glioblastoma multiforme, sarcoma, lymphoma and leukemia, and other
solid tumors or blood tumors.

An eighth aspect of the present invention discloses a method
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of treating or preventing cancer or tumors, the method comprising
administering to a subject in need thereof a prophylactically or
therapeutically effective amount of a [ligand-camptothecin
derivative conjugate described in the first or second aspect or a
pharmaceutically acceptable salt or solvate thereof or a linker-
drug compound described in the third aspect or a pharmaceutically
acceptable salt or solvate thereof, or a pharmaceutical
composition as described iIn the fifth aspect and/or a
pharmaceutical preparation described in the sixth aspect;

preferably, the cancer or tumor expresses EGFR and/or HER3;

more preferably, the cancer or tumor 1is selected from
adenocarcinoma, ovarian cancer, cervical cancer, uterine cancer,
prostate cancer, renal cancer, urethral cancer, bladder cancer,
liver cancer, gastric cancer, endometrial cancer, salivary gland
cancer, esophageal cancer, lung cancer, colon cancer, rectal
cancer, colorectal cancer, bone cancer, skin cancer, thyroid
cancer, pancreatic cancer, melanoma, glioma, neuroblastoma,
glioblastoma multiforme, sarcoma, lymphoma and leukemia, and other
solid tumors or blood tumors.

In the above aspects of the present invention and 1ts
embodiments,

"C1-C6 alkyl"™ and "Cl1l-C6 alkyl™ iIn various composite groups
involving "C1-C6 alkyl"™ (e.g., ‘''substituted C1-C6 alkyl",
"deuterated C1-C6 alkyl') may be replaced with "C1-C20 alkyl",
"C1l-C12 alkyl'™ or "C1-C10 alkyl";

""C3-C8 cycloalkyl'™ and "C3-C8 cycloalkyl'™ in various composite
groups involving "C3-C8 cycloalkyl™ may be replaced by ™"C3-C20
cycloalkyl™ or "C3-C10 cycloalkyl';

"C1-C6 alkoxy™ and ""C1-C6 alkoxy™ in various composite groups
involving same can be replaced with ™"C1-C20 alkoxy'™, ™"C1-C12
alkoxy™ or "C1-C10 alkoxy™;

"C6-C10 aryl™ and "C6-Cl10 aryl'™ in various composite groups
involving same can be replaced with "C6-C12 aryl™;

""3-7-membered heterocyclic group™ and ""3-7-membered

heterocyclic group™ in various composite groups involving same may
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be replaced with ™"3-20-membered heterocyclic group™, "3-12-
membered heterocyclic group™ or "3-10-membered heterocyclic group™.
Beneficial Effects
The EGFR/HER3 bispecific antibody-drug conjugate provided by
the present invention is a bispecific antibody ADC directed against
both EGFR/HER3 targets, with good molecular stability and good
preclinical efficacy, and is expected to have excellent clinical

therapeutic effects.

Description of Drawings

Figure 1A illustrates SEC-HPLC detection/measurement of ADC-5
aggregation.

Figure 1B illustrates SEC-HPLC detection/measurement of ADC-6
aggregation.

Figure 1C i1llustrates SEC-HPLC detection/measurement of ADC-64
aggregation.

Figure 1D i1llustrates SEC-HPLC detection/measurement of ADC-DS
aggregation.

Figure 1E illustrates SEC-HPLC detection/measurement of ADC-
108 aggregation.

Figure 1F illustrates SEC-HPLC detection/measurement of ADC-
112 aggregation.

Figure 1G illustrates SEC-HPLC detection/measurement of ADC-
215 aggregation.

Figure 1H illustrates SEC-HPLC detection/measurement of ADC-
219 aggregation.

Figure 11 illustrates SEC-HPLC detection/measurement of ADC-
227 aggregation.

Figure 1J illustrates SEC-HPLC detection/measurement of ADC-
235 aggregation.

Figure 2A illustrates RP-HPLC detection/measurement of ADC-5
drug-antibody coupling ratio (DAR).

Figure 2B illustrates RP-HPLC detection/measurement of ADC-6
drug-antibody coupling ratio (DAR).

Figure 2C illustrates RP-HPLC detection/measurement of ADC-10
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drug-antibody coupling ratio (DAR).

Figure 2D illustrates RP-HPLC detection/measurement of ADC-12
drug-antibody coupling ratio (DAR).

Figure 2E illustrates RP-HPLC detection/measurement of ADC-64
drug-antibody coupling ratio (DAR).

Figure 2F i1llustrates RP-HPLC detection/measurement of ADC-108
drug-antibody coupling ratio (DAR).

Figure 2G i1llustrates RP-HPLC detection/measurement of ADC-112
drug-antibody coupling ratio (DAR).

Figure 2H i1llustrates RP-HPLC detection/measurement of ADC-215
drug-antibody coupling ratio (DAR).

Figure 21 i1llustrates RP-HPLC detection/measurement of ADC-219
drug-antibody coupling ratio (DAR).

Figure 2J i1llustrates RP-HPLC detection/measurement of ADC-227
drug-antibody coupling ratio (DAR).

Figure 2K 1llustrates RP-HPLC detection/measurement of ADC-235
drug-antibody coupling ratio (DAR).

Figure 2L i1llustrates RP-HPLC detection/measurement of ADC-243
drug-antibody coupling ratio (DAR).

Figure 3A 1illustrates that ADC-112 and the SI-1x4 antibody
maintain affinity for both the antigens EGFR and HER3-Fc.

Figure 3B 1illustrates that ADC-6 and the SI-1x6.4 antibody
maintain affinity for both the antigens EGFR and HER3-Fc.

Figure 3C illustrates that ADC-219 and the SI1-1x22 antibody
maintain affinity for both the antigens EGFR and HER3-Fc.

Figure 3D illustrates that ADC-227 and the SI1-1x24 antibody
maintain affinity for both the antigens EGFR and HER3-Fc.

Figure 3E illustrates that ADC-235 and the SI1-1x25 antibody
maintain affinity for both the antigens EGFR and HER3-Fc.

Figure 3F illustrates that ADC-243 and the SI1-1x26 antibody
maintain affinity for both the antigens EGFR and HER3-Fc.

Figure 4A 1illustrates the 1in vitro efficacy of six naked
antibodies as well as six ADCs in A431.

Figure 4B 1illustrates the 1in vitro efficacy of six naked

antibodies as well as six ADCs in BXPC-3.
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Figure 4C 1illustrates the 1in vitro efficacy of six naked
antibodies as well as six ADCs in FaDu.

Figure 4D 1illustrates the 1in vitro efficacy of six naked
antibodies as well as six ADCs in HARA-B.

Figure 4E 1illustrates the 1in vitro efficacy of six naked
antibodies as well as six ADCs in HCC827.

Figure 4F illustrates the in vitro efficacy of the six naked
antibodies as well as the six ADCs in SW620.

Figure 5A 1illustrates the results of 1iIn vivo efficacy
experiments of ADC-6 and SI-1x6.4 naked antibody in the A431
single-tumor model.

Figure 5B 1illustrates the results of 1iIn vivo efficacy
experiments of ADC-6, S1-1x6.4 naked antibody, Cetuximab (Cet) and
ADC-214 in the SW620 single-tumor model.

Figure 5C 1illustrates the results of 1i1n vivo efficacy
experiments of ADC-6 and SI1-1x6.4 naked antibody iIn A431+SW620
heterogeneous tumors.

Figure 6A 1i1llustrates the results of 1In vivo efficacy
experiments of ADC-6, ADC-219, ADC-235, ADC-227 and ADC-112 in the
A431 single-tumor model.

Figure 6B 1i1llustrates the results of 1i1n vivo efficacy
experiments of ADC-6, ADC-219, ADC-235, ADC-227 and ADC-112 in the
BXPC-3 single-tumor model.

Figure 7A 1illustrates the 1In vitro efficacy of SI-1x6.4,
Cetuximab, ADC-6, ADC-214 and d3 on the human poorly differentiated
lung cancer squamous cell carcinoma cell line Oka-c-1.

Figure 7B 1illustrates the 1in vitro efficacy of SI-1x6.4,
Cetuximab, ADC-6, ADC-214 and d3 on human lung squamous cell
carcinoma cells SK-MES-1. Specific embodiments
Abbreviations and definitions

Unless otherwise indicated, the following terms and phrases,
as used herein, are intended to have the meanings set forth below.
When a trade name is used herein, unless otherwise indicated in
the context, the trade name includes the product formula, generic

drug and active ingredient of said trade name product.
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Unless stated to the contrary, terms used in the claims and
specification herein have the meanings set forth below.

The term "ligand” refers to a macromolecular compound that is
able to recognize and bind to an antigen or receptor associated
with a target cell. The ligand serves to present the drug to a
target cell population bound to the ligand; these ligands include,
but are not limited to, protein-like hormones, lectins, growth
factors, antibodies, or other molecules capable of binding to cells.
In embodiments of the present invention, the ligand is denoted as
Ab, and the ligand may form a linkage bond with a linkage unit via
a heteroatom on the ligand, and is preferably an antibody or an
antigen-binding fragment thereof, said antibody being selected
from chimeric, humanized, fully human, or murine antibodies;
preferably monoclonal antibodies.

A ligand unit 1s a targeting agent that binds specifically to
a target part. Said ligand is capable of specifically binding to
a cellular component or binding to a cellular component or binding
to other target molecules of iInterest. The target part or target
iIs typically on the surface of the cell. In some aspects, the
ligand unit serves to deliver the drug unit to a specific target
cell population with which the ligand unit iInteracts. Ligands
include, but are not Hlimited to, proteins, polypeptides and
peptides, and non-proteins such as sugars. Suitable ligand units
include, for example, antibodies, such as full-length (intact)
antibodies and antigen-binding fragments thereof. In embodiments
where the ligand unit is a non-antibody targeting reagent, It may
be a peptide or polypeptide, or a non-protein molecule. Examples
of such targeting reagents include interferons, [lymphokines,
hormones, growth factors and colony stimulating factors, vitamins,
nutrient transporter molecules, or any other cell-binding molecule
or substance. In some embodiments, the linker is covalently
attached to the sulfur atom of the ligand. |In some aspects, the
sulfur atom is a sulfur atom of a cysteine residue, and forms an
interchain disulfide bond of the antibody. In another aspect, the

sulfur atom is a sulfur atom of a cysteine residue that has been
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introduced into the ligand unit, and forms an interchain disulfide
bond of the antibody. In another aspect, the sulfur atom is a
sulfur atom of a cysteine residue that has been introduced into
the ligand unit (e.g., by site-directed mutagenesis or chemical
reaction). In other aspects, the linker-bound sulfur atom 1is
selected from a cysteine residue that forms the interchain
disulfide bond of the antibody or a cysteine residue that has been
introduced into the Jligand unit (e.g., by site-directed
mutagenesis or chemical reaction). In some embodiments, the system
Is numbered according to the EU index in Kabat {[Kabat E.A et al,
(1991)] “Sequences of proteins of Immunological Interest”, Fifth
Edition, NIH Publication 91-3242}.

As used herein, "antibody™ or "antibody unit™ includes, to the
extent thereof, any part of an antibody structure. This unit may
bind, reactively associate, or complex with a receptor, antigen,
or other receptor unit possessed by the target cell population.
The antibody may be any protein or protein-like molecule, and can
bind, complex, or react with a portion of the cell population to
be treated or biologically modified. The antibodies forming the
antibody-drug conjugates In the present iInvention maintain their
original antigen-binding capacity from the wild state. Thus, the
antibodies of the present i1nvention are capable of binding
exclusively to antigens. Antigens involved include, for example,
tumor-associated antigens (TAA), cell surface receptor proteins
and other cell surface molecules, cell survival regulators, cell
proliferation regulators, molecules associated with tissue growth
and differentiation (such as are known or foreseen to be
functional), lymphokines, cytokines, molecules participating 1in
the regulation of the cell cycle, molecules participating 1in
angiogenesis, and molecules associated with angiogenesis (such as
are known or foreseen to be functional). Tumor-associated factors
may be cluster differentiation factors (e.g., CD proteins).

Antibodies applied in antibody drug conjugates include, but are
not limited to, antibodies directed against cell surface receptors

and tumor-associated antigens. Such tumor-associated antigens are
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well known in the industry and can be prepared by methods and
information for antibody preparation well known in the industry.
To develop effective cellular level targets that can be used iIn
cancer diagnosis and therapy, researchers seek to find
transmembrane or other tumor-associated peptides. These targets
can be specifically expressed on the surface of one or more cancer
cells with little or no expression on the surface of one or more
non-cancer cells. Typically, such tumor-associated polypeptides
are more overexpressed on the surface of cancer cells than on the
surface of non-cancer cells. Confirmation of such tumor-
associated factors can greatly enhance the specific targeting
properties of antibody-based cancer therapies. For convenience,
information related to antigens known to the industry is labeled
below, 1ncluding name, other names, and gene bank accession number.
Nucleic acid and protein sequences corresponding to the tumor-
associated antigens can be found in publicly available databases,
such as Genbank. The tumor-associated antigens corresponding to
antibody targeting include all amino acid sequence variants and
isoforms having at least 70%, 80%, 85%, 90%, or 95% homology with
the sequences confirmed iIn the references, or possessing
biological properties and characteristics that are identical to
those of the tumor-associated antigen sequences in the cited
literature.

The term "inhibit" or "inhibition" means that a detectable
amount is reduced or completely prevented.

The term ™"cancer”™ refers to a physiological condition or
disease characterized by dysregulated cell growth. "Tumor"™
includes cancer cells.

The term "autoimmune disease™ refers to diseases or disorders
that originate iIn tissues or proteins that target an individual®s
own body.

The term "drug" refers to cytotoxic drugs, denoted by d, which
are chemical molecules that have a strong ability to disrupt normal
growth in tumor cells. Cytotoxic drugs can in principle kill tumor

cells at sufficiently high concentrations, but due to a lack of
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specificity, they will also cause apoptosis of normal cells while
killing tumor cells, leading to serious side effects. The term
includes toxins, such as small molecule toxins or enzymatically
active toxins of bacterial, Tfungal, plant or animal origin,
radioisotopes (e.g., radioisotopes of At211, 131 125 Y90  Rel86,
Rels88  Smis3 Bi212, P32 and Lul’6), toxic drugs, chemotherapeutic
drugs, antibiotics and nucleolytic enzymes, preferably toxic drugs.

The term "linker™ or "linker fragment” or "linker unit” refers
to a fragment or bond of a chemical structure that is attached to
a ligand at one end and to the drug at the other end, or may be
attached to other connectors and then to the drug.

Connectors, including extensions, spacers, and amino acid units,
can be synthesized by methods known in the art, such as those
described 1n US2005-0238649A1. The connectors can be "cleavable
connectors' that facilitate the release of the drug in the cell.
For example, acid-unstable connectors (e.g., hydrazone), protease-
sensitive (e.g., peptidase-sensitive) connectors, photo-unstable
connectors, dimethyl connectors, or disulfide-containing
connectors can be used (Chari et al. Cancer Research 52:127-131,
1992); U.S. Patent No. 5, 208, 020.

According to the mechanism of intracellular drug release, as
used herein, "linkers"™ or "linkers of antibody-drug conjugates'
can be categorized into two types: unbreakable Ilinkers and
breakable Ilinkers. For antibody-drug conjugates containing an
unbreakable linker, the mechanism of drug release i1s as follows:
after the conjugate binds to the antigen and is endocytosed by the
cell, the antibody 1is cleaved enzymatically 1in lysosomes,
releasing an active molecule consisting of the small-molecule drug,
the linker, and amino acid residues of the antibody. The resulting
change in the structure of the drug molecule does not diminish its
cytotoxicity, but because the active molecule 1is electrically
charged (amino acid residues), it cannot penetrate neighboring
cells. Therefore, such active drugs cannot kill neighboring tumor
cells that do not express the targeted antigen (antigen-negative

cells) (bystander effect) (Ducry et al., 2010, Bioconjugate Chem.

65



10

15

20

25

30

35

21: 5-13). For antibody-drug conjugates containing a breakable
linker, the mechanism of drug release is that after the conjugate
binds to the antigen and is endocytosed by the cell, the conjugate
breaks and releases the active ingredient (the small-molecule drug
itself) in the target cell. Breakable Ilinkers are mainly
categorized into: chemical-sensitive linkers and enzyme-sensitive
linkers. Chemically sensitive linkers can be selectively broken
due to differences in the properties of the plasma and cytoplasm
or tumor microenvironment. Such properties include pH,
glutathione concentration, etc. pH-sensitive linkers, which are
relatively stable in the neutral or weakly alkaline environment of
blood (pH 7.3-7.5), will however be hydrolyzed within the weakly
acidic tumor microenvironment (pH 5.0-6.5) and lysosomes (pH 4.5-
5.0), e.g., hydrazones, carbonates, acetals, and ketals. Due to
the limited plasma stability of acid-breakable linkers, antibody-
drug conjugates based on such linkers typically have a short half-
life (2-3 days). This short half-life has somewhat limited the
use of pH-sensitive linkers i1n the new generation of antibody-drug
conjugates. Glutathione-sensitive linkers are also known as
disulfide-bond linkers. Drug release is based on the difference
between the high intracellular glutathione concentration
(millimolar range) and the relatively low glutathione
concentration in the blood (micromolar range). This 1s
particularly true for tumor cells, whose low oxygen content leads
to enhanced reductase activity and thus to higher glutathione
concentrations. Disulfide bonds are thermodynamically stable and
therefore have better stability in plasma. Enzyme-unstable
linkers, such as peptide linkers, provide better control of drug
release. Peptide linkers can be effectively severed by lysosomal
proteases such as cathepsins (Cathepsin B). This peptide linkage
iIs thought to be very stable in the plasma circulation due to the
unfavorable extracellular pH and serum protease inhibitors
resulting in proteases that are normally inactive outside the cell.
In view of the high plasma stability and good intracellular break

selectivity and effectiveness, enzyme-unstable linkers are widely
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used as breakable linkers for antibody-drug conjugates.

The term "antibody-drug conjugate™ refers to the attachment of
an antibody to a biologically active drug by means of a stable
linkage unit. In the context of the present invention, "ligand-
drug conjugate’™, preferably antibody-drug conjugate (ADC), refers
to the attachment of a monoclonal antibody or antibody fragment to
a biologically active toxic drug by means of a stable linkage unit.

The three-letter codes and single-letter codes for amino acids
used In this disclosure are as described in J. boil. Chem. 1968,
243, 3558.

The term "alkyl"™ refers to a saturated aliphatic hydrocarbon
group, which is a straight or branched chain group containing 1 to
20 carbon atoms (i.e., "C1-C20 alkyl™), preferably an alkyl group
containing 1 to 12 carbon atoms (i.e., "Cl1-Ci2 alkyl'™), more
preferably an alkyl group containing 1 to 10 carbon atoms (i.e.,
"C1-C10 alkyl™), and most preferably an alkyl group containing 1
to 6 carbon atoms (i.e., '"C1-C6 alkyl'™). Non-limiting examples
include methyl, ethyl, n-propyl, 1isopropyl, n-butyl, isobutyl,
tert-butyl, sec-butyl, n-pentyl, 1,1-dimethylpropyl, 1,2-
dimethylpropyl, 2,2-dimethylpropyl, 1-ethylpropyl, 2-methylbutyl,
3-methylbutyl, n-hexyl, 1-ethyl-2-methylpropyl, 1,1,2-
trimethylpropyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 2,2-
dimethylbutyl, 1,3-dimethylbutyl, 2-ethylbutyl, 2-methylpentyl,
3-methylpentyl, 4-methylpentyl, 2,3-dimethylbutyl, n-heptyl, 2-
methylhexyl, 3-methylhexyl, 4-methylhexyl, 5-methylhexyl, 2,3-
dimethylpentyl, 2,4-dimethylpentyl, 2,2-dimethylpentyl, 3,3-
dimethylpentyl, 2-ethylpentyl, 3-ethylpentyl, n-octyl, 2,3-
dimethylhexyl, 2,4-dimethylhexyl, 2,5-dimethylhexyl, 2,2-
dimethylhexyl, 3,3-dimethylhexyl, 4,4-dimethylhexyl, 2-ethylhexyl
3-ethylhexyl, 4-ethylhexyl, 2-methyl-2-ethylpentyl, 2-methyl-3-
ethylpentyl, n-nonyl, 2-methyl-2-ethylhexyl, 2-methyl-3-
ethylhexyl, 2,2-diethylpentyl, n-decyl, 3,3-diethylhexyl, 2,2-
diethylhexyl, and their various branched isomers, and the like.
More preferred are lower alkyl groups containing 1 to 6 carbon

atoms, and non-limiting embodiments include methyl, ethyl, n-
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propyl, 1isopropyl, n-butyl,

pentyl, 1,1-dimethylpropyl,

dimethylpropyl, 1-ethylpropyl,

hexyl, 1-ethyl-2-methylpropyl,
dimethylbutyl, 1,2-dimethylbutyl,
dimethylbutyl, 2-ethylbutyl,

isobutyl,

tert-butyl, sec-butyl, n-

1,2-dimethylpropyl, 2,2-
2-methylbutyl, 3-methylbutyl, n-

1,1,2-trimethylpropyl, 1,1-
2,2-dimethylbutyl, 1,3-
2-methylpentyl, 3-methylpentyl, 4-

methylpentyl, 2,3-dimethylbutyl, and the like. The alkyl group may

be substituted or non-substituted,

and when substituted, the

substituent group may be substituted at any available point of

attachment, said substituent group preferably being one or more of

the following groups, independently selected from alkyl, alkenyl,

alkynyl, alkoxy, alkylthio, alkylamino, halogen, mercapto, hydroxy,

nitro, cyano, cycloalkyl,

cycloalkoxy, heterocycloalkoxy,

heterocycloalkylthio, oxo.

heterocycloalkyl, aryl, heteroaryl,

cycloalkylthio,

The term "substituted alkyl"™ means that a hydrogen in the alkyl

group has been replaced by a substituent group. Unless otherwise

indicated In the text, the substituent group of the alkyl group

may be a variety of groups selected from the following group: -

halogen, -OR", -NR"R"",

-SR*, -SIR"R""R""",

-0C(O)R", -C(O)R", -

CO2R", -CONR"R"", -OC(O)NR"R"", -NR""C(O)R", -NR"-C(O)NR""R""", -
NR""C(0)2R", -NH-C(NH2)=NH, -NR*C(NH2)=NH, -NH-C(NH2)=NR*, -S(O)R",
-S(0)2R", -S(0)2NR"R"", -NR*"S(O)2R"", -CN and -NO> , the number of
substituents 1s from 0 to (2m*+1), where m" is the total number of

carbon atoms in the group. R",

refer to hydrogen, unsubstituted Ci-s alkyl,

R*" and R""" each independently

unsubstituted C6-C12

aryl (or C6-C10 aryl), C6-C12 aryl (or C6-C10 aryl) substituted by
1-3 halogens, unsubstituted C:-g alkyl, Ci-s alkoxy or Ci:-g thioalkoxy,
or unsubstituted C6-C12 aryl (or C6-C10 aryl)-Ci-4 alkyl. When R"

and R*"" are attached to the same nitrogen atom, they may form a

3-, 4-, 5-, 6-, or 7-membered ring together with that nitrogen

atom. For example, -NR"R"*

morpholinyl.
The term "alkylene™

aliphatic hydrocarbon

includes 1-pyrrolidinyl and 4-

means a saturated straight or branched

group,

having two

68

residues derived by



removing two hydrogen atoms from the same carbon atom or two
different carbon atoms of a parent alkane, and is a straight or
branched group comprising 1 to 20 carbon atoms, preferably an
alkylene group containing 1 to 12 carbon atoms, more preferably 1
to 6 carbon atoms. Non-limiting examples of alkylene groups include,
but are not Ilimited to, methylene (-CHx-, 1,l-ethylidene (-

CH(CH3)-), 1,2-ethylidene (-CH2CH2) -, 1,1-propylidene (-

CH(CH2CH3)-), 1,2-propylidene (-CH>CH(CH3)-), 1,3-propylidene (-

CH2CH2CH2-), 1,4-butylidene (-CH2CH2CH2CH2), and 1,5-butylidene (-

CH2CH2CH2CH2CH2-) , among others. The alkylene group may be
substituted or non-substituted, and when substituted, the

substituent may be substituted at any available point of attachment,
said substituent preferably being independently and optionally
substituted with one or more substituents selected from alkyl,

alkenyl, alkynyl, alkoxy, alkylthio, alkylamino, halo, mercapto,

hydroxyl, nitro, cyano, cycloalkyl, heterocyclo, aryl, heteroaryl,

cycloalkoxy, heterocycloalkoxy, cycloalkylthio,

heterocycloalkylthio and oxo.

The term "alkoxy'™ refers to -0-(alkyl) and -0-(cycloalkyl),
wherein alkyl or cycloalkyl i1s defined as above. Non-limiting
examples of C1-C6 alkoxy include: methoxy, ethoxy, propoxy, butoxy,
cyclopropoxy, cyclobutoxy, cyclopentyloxy, cyclohexyloxy. The
alkoxy group may be optionally substituted or non-substituted, and
when substituted, the substituent is preferably one or more of the
following groups independently selected from alkyl, alkenyl,
alkynyl, alkoxy, alkylthio, alkylamino, halogen, mercapto,
hydroxyl, nitro, cyano, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloalkoxy, heterocycloalkoxy, cycloalkylthio,
heterocycloalkylthio.

The term *cycloalkyl”™ refers to a saturated or partially
unsaturated monocyclic or polycyclic cyclic hydrocarbon
substituent, wherein the cycloalkyl ring comprises from 3 to 20
carbon atoms (i.e. "C3-C20 cycloalkyl'), preferably comprising
from 3 to 12 carbon atoms (i.e. 'C3-Cl1l2 cycloalkyl'™), more
preferably comprising 3 to 10 carbon atoms (i.e., '"C3-C10
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cycloalkyl™), most preferably comprising 3 to 8 carbon atoms (i.e.,
"C3-C8 cycloalkyl'™). Non-limiting examples of monocyclic
cycloalkyl groups (e.g., "C3-C8 cycloalkyl'™) include cyclopropyl,
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
cyclohexadienyl, cycloheptyl, cycloheptatrienyl, cyclooctyl, and
the like; and polycyclic cycloalkyl groups include cycloalkyl
groups of spirocycles, fused rings, and bridged rings.

The term "heterocyclyl™ means a saturated or partially
unsaturated monocyclic or polycyclic cyclic hydrocarbon
substituent comprising from 3 to 20 ring atoms (i.e., a "3-20-
membered heterocyclyl'™), wherein one or more of the ring atoms is
a heteroatom selected from nitrogen, oxygen or S(0)n (wherein , is
an integer from 0 to 2), but excluding ring portions of -0-0O-,
0-S- or -S-S-), with the remaining ring atom(s) being carbon.
Preferably, it comprises 3 to 12 ring atoms (i.e., a ""3-12 membered
heterocyclic group'™), 1 to 4 of which are heteroatoms; more
preferably, the cycloalkyl ring comprises 3 to 10 ring atoms (i.e.,
a ""3-10 membered heterocyclic group™). Non-limiting examples of
monocyclic heterocyclic groups (e.g., 3-7-membered heterocyclic
groups) include pyrrolidinyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, homopiperazinyl, and the like.
Polycyclic heterocyclic groups include spiro, fused and bridged
heterocyclic groups.

The term 'cycloalkylalkyl'™ means that the alkyl group 1is
substituted with one or more cycloalkyl groups, preferably with
one cycloalkyl group, wherein alkyl 1s defined as above and wherein
cycloalkyl is defined as above, for example, C3-C8 cycloalkyl Cl-
C6 alkyl.

The term "haloalkyl™ means an alkyl group substituted with one
or more halogens, wherein the alkyl group is as defined above, for
example, halo C1-C6 alkyl.

The term "deuteroalkyl™ means an alkyl group substituted with
one or more deuterium atoms, wherein the alkyl group is as defined
above, for example, deutero C1-C6 alkyl.

The term "C6-Cl1l2 aryl™ refers to carbocyclic aromatic system
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groups having 6-12 carbon atoms.

The term "C6-C10 aryl™ refers to carbocyclic aromatic system
groups having 6-10 carbon atoms, such as phenyl, naphthyl, etc.

The term "5-10-membered heteroaryl™ refers to aromatic
heterocyclic rings, typically 5-, 6-, 7-, 8-, 9- and 10-membered
heterocyclic rings having 1 to 3 heteroatoms selected from N,
0, or S; the heteroaryl ring can optionally be further fused or
attached to aromatic and non-aromatic carbon rings and
heterocyclic rings. Non-limiting examples of said 5- to 10-
membered heteroaryl rings are, for example, pyridinyl, pyrazinyl,
pyrimidinyl, pyridazinyl, 1indolyl, imidazolyl, thiazolyl,
isothiazolyl, thioxazolyl, pyrrolyl, phenyl-pyrrolyl, furanyl,
phenyl-furanyl, oxazolyl, isoxazolyl, pyrazolyl, thiophenyl,
benzofuranyl, benzothiophenyl, benzo 1,3-dioxolane
(benzodioxole), 1isodihydroindolyl, benzimidazolyl, indazolyl,
quinolinyl, 1isoquinolinyl, 1,2,3-triazolyl, 1-phenyl-1,2,3-
triazolyl, 2,3-dihydroindolyl, 2,3-dihydrobenzofuranyl, 2,3-
dihydrobenzothiophenyl, benzopyranyl, 2,3-dihydrobenzoxazinyl,
2,3-dihydroquinoxalinyl, and others.

The term "substituted C6-C10 aryl™ or 'substituted 5-10
membered heteroaryl™ or 'substituted 3-7 membered heterocyclyl”
means that a hydrogen in the aryl or heteroaryl or heterocyclic
group iIs replaced by a substituent group. Unless otherwise stated
in the text, the substituent of the aryl or heteroaryl or
heterocyclyl group may be a variety of groups selected from the
following group: -halogen, -OR®", -NR"R"™, -SR®, -SiIR"R"°"R""", -
OC(O)R*, -C(O)R", -CO2R", -CONR*R"", -OC(O)NR"R"", -NR*""C(O)R", -
NR*-C(OONR®""R""”, -NR""C(0)2R", -NH-C(NH2)=NH, -NR*C(NH2)=NH, -NH-
C(NH2)=NR*", -S(O)R", -S(O)2R", -S(0)2NR*R"", -NR"S(O)2R"", -CN and
-NO2, with substituent numbers from O to (2m*+1), where m" is the
total number of carbon atoms in the group. R", R*"® and R""" each
independently refer to hydrogen, unsubstituted Ci-s alkyl,
unsubstituted C6-C12 aryl (or C6-C10 aryl), C6-Cl12 aryl (or C6-
C10 aryl) substituted by 1-3 halogens, unsubstituted Ci-g alkyl,
Ci-s alkoxy or Ci_g thioalkoxy, or unsubstituted C6-C12 aryl (or C6-
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C10 aryl)-Cisalkyl. When R®* and R*" are attached to the same
nitrogen atom, they may form a 3-, 4-, 5-, 6-, or 7-membered ring
with that nitrogen atom. For example, -NR*R*"" 1includes 1-
pyrrolidinyl and 4-morpholinyl.

The term "hydroxyl' refers to the -OH group.

The term "halogen™ means fluorine, chlorine, bromine, or i1odine.

The term "amino™ means -NH>. The term "nitro” means -NO-.

The term amide group'™ means -C(O)N(alkyl) or (cycloalkyl),
wherein alkyl and cycloalkyl are as defined above.

The term *carboxylate group’”™ means -C(0)O(alkyl) or
(cycloalkyl), wherein alkyl and cycloalkyl are as defined above.

The present invention also includes various deuterated forms
of formula I. Each of the available hydrogen atoms attached to
the carbon atoms may be independently replaced by a deuterium atom.
A person skilled in the art can synthesize the deuterated form of
formula 1 with reference to the relevant literature. Commercially
available deuterated starting materials may be used in the
preparation of deuterated forms of formula 1, or they may be
synthesized by conventional techniques using deuterated reagents,
non-limiting examples of deuterated reagents including:
deuteroborane, trideuteroborane tetrahydrofuran solution,
deuterated lithium-aluminum hydride, deuterated ethyl i1odide, and
deuterated methyl i1odide, and the like.

The term ™"antibody”™ refers to immunoglobulins, which are
tetrapeptide chain structures consisting of two i1dentical heavy
chains and two 1i1dentical light chains 1linked by iInterchain
disulfide bonds. Immunoglobulins differ in the composition and
order of amino acids in the constant region of the heavy chain,
and therefore differ iIn thelr antigenicity. Accordingly,
immunoglobulins can be categorized into five classes, or isoforms
of immunoglobulins, 1i1.e., IgM, 1IgD, 1IgG, IgA, and IgE, whose
corresponding heavy chains are u, 6, y, o, and & chains,
respectively. The same class of Ig can be further divided into
different subclasses according to differences in the amino acid

composition of its hinge region and the number and positions of
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disulfide bonds of the heavy chain, e.g. IgG can be divided into
IgGl, IgG2, IgG3 and IgG4. The light chains are divided into k-
chains or A-chains by the differences in the constant region. Each
of the five classes of Ig may have a x chain or a A chain. The
antibodies described in the present invention are preferably
specific antibodies against cell surface antigens on target cells,
and non-limiting embodiments are the following antibodies: one or
more of anti-EGFRvIIIl antibody, anti-DLL-3 antibody, anti-PSMA
antibody, anti-CD70 antibody, anti-MUC16 antibody, anti-ENPP3
antibody, anti-TDGF1 antibody, anti-ETBR antibody, anti-MSLN
antibody, anti-TIM-1 antibody, anti-LRRC15 antibody, anti-LIV-1
antibody, anti-CanAg/AFP antibody, anti-cladin 18.2 antibody,
anti-Mesothelin antibody, anti-HER2 (ErbB2) antibody, anti-EGFR
antibody, anti-c-MET antibody, anti-SLITRK6 antibody, anti-
KIT/CD117 antibody, anti-STEAP1 antibody, anti-SLAMF7/CS1 antibody,
anti-NaPi12B/SLC34A2 antibody, anti-GPNMB antibody, anti-
HER3(ErbB3) antibody, anti-MUC1/CD227 antibody, anti-AXL antibody,
anti-CD166 antibody, anti-B7-H3(CD276) antibody, anti-PTK7/CCK4
antibody, anti-PRLR antibody, anti-EFNA4 antibody, anti-5T4
antibody, anti-NOTCH3 antibody, anti-Nectin 4 antibody, anti-TROP-
2 antibody, anti-CD142 antibody, anti-CA6 antibody, anti-GPR20
antibody, anti-CD174 antibody, anti-CD71 antibody, anti-EphA2
antibody, anti-LYPD3 antibody, anti-FGFR2 antibody, anti-FGFR3
antibody, anti-FRa antibody, anti-CEACAMs antibody, anti-GCC
antibody, anti-Integrin Av antibody, anti-CAIX antibody, anti-P-
cadherin antibody, anti-GD3 antibody, anti-Cadherin 6 antibody,
anti-LAMP1 antibody, anti-FLT3 antibody, anti-BCMA antibody, anti-
CD79b antibody, anti-CD19 antibody, anti-CD33 antibody, anti-CD56
antibody, anti-CD74 antibody, anti-CD22 antibody, anti-CD30
antibody, anti-CD37 antibody, anti-CD138 antibody, anti-CD352
antibody, anti-CD25 antibody or anti-CD123 antibody.

The term "solvate™ or "solvent compound™ refers to the
formation of a pharmaceutically usable solvate from the ligand-
drug conjugate of the present invention with one or more solvent

molecules, non-limiting examples of solvent molecules including
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water, ethanol, acetonitrile, isopropanol, DMSO and ethyl acetate.

The term "drug load" refers to the average number of cytotoxic
drugs loaded on each antibody in formula 1. It can also be
expressed as the ratio of drug amount to antibody amount, and the
drug load can range from 0-12, preferably 1-10 cytotoxic drugs (D)
connected to each antibody (Ab). In embodiments of the invention,
the drug load is denoted as n, which exemplarily may be the mean
value of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. The average number of
drugs per ADC molecule after the coupling reaction can be
identified by conventional methods such as UV/visible spectroscopy,
mass spectrometry, ELISA tests and HPLC characteristics.

In one embodiment of the present invention, the cytotoxic drug
iIs coupled to the open cysteine sulfhydryl-SH and/or the
sulthydryl-SH of the site-directed mutagenesis cysteine residue
between the antibody chains by a linker unit, and generally the
number of drug molecules that can be coupled to the antibody in
the coupling reaction will be less than or equal to a theoretical
maximum .

The Jloading of ligand cytotoxic drug conjugates can be
controlled by the following non-limiting methods, i1ncluding:

(1) controlling the molar ratio of the linking reagent to
the monoclonal antibody;

(2) control of reaction time and temperature;

(3) selection of different reaction reagents.

For the preparation of conventional pharmaceutical compositions,
see the Chinese Pharmacopoeia.

The term "pharmaceutically acceptable salt” or
"pharmaceutically usable salt™ means a salt of a Iligand-drug
conjugate of the present invention, or a salt of a compound
described in the present invention; salts of this kind are safe
and efficacious when used in a mammal, and are biologically active
as desired. The ligand-drug conjugates of the present invention
contain at least one carboxyl group, so they can form salts with
bases, and non-limiting examples of pharmaceutically acceptable

salts include sodium, potassium, calcium, or magnesium salts, etc.
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The term "pharmaceutically acceptable salt” or
"pharmaceutically usable salt™ means a salt of an antibody-drug
conjugate of the present invention, or a salt of a compound
described herein; salts of this kind are safe and efficacious when
used in a mammal, and are biologically active as desired. The
ligand-drug conjugates of the present invention contain at least
one amino group and can therefore form salts with acids, non-
limiting examples of pharmaceutically acceptable salts including:
hydrochloride, hydrobromide, hydriodate, sulfate, bisulfate,
citrate, acetate, succinate, ascorbate, oxalate, nitrate,
phosphate, hydrogen phosphate, dihydrogen phosphate, salicylate,
hydrogen citrate, tartrate, maleate, fumarate, formate, benzoate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p-
toluenesulfonate.

"Acidic amino acid" refers to amino acids with an i1soelectric
point of less than 7. Acidic amino acid molecules tend to have
one or more acidic groups, such as carboxyl groups, which can be
effectively i1onized into negative i1onic forms in the structure to
increase hydrophilicity. Acidic amino acids can be natural or
unnatural.

The term "natural amino acids"™ refers to biologically
synthesized amino acids. Natural amino acids are generally of the
L-type, but there are a few exceptions, such as glycine, including
natural and synthesized by organisms.

"Unnatural amino acids' means amino acids obtained by synthetic
means.

The i1nvention is further elaborated below in connection with
specific embodiments which, 1t should be understood, are intended
only to illustrate the invention, and are not intended to limit
the scope of the invention. Test methods for which specific
conditions are not indicated in the following embodiments are
generally 1in accordance with conventional conditions or in
accordance with conditions recommended by the manufacturer. All
percentages, proportions, ratios or parts are by weight unless

otherwise indicated.
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Example 1
Synthesis of compound M1:

o]
H B w © o]
_ OH C)4, Pyridine, ~
SM-1 M1 ;
In a 5000 mL single-necked flask, N-

fluorenylmethoxycarbonyl-glycine-glycine (100 g, 282 mmol, 1.0
eq), lead tetraacetate (175 g, 395 mmol, 1.4 eq), 2000 mL of
dry tetrahydrofuran and 670 mL of toluene were added, stirred
uniformly, protected by nitrogen, heated to 85°C and reacted
for 2.5 h. The reaction was monitored by TLC, and after the
starting materials had finished reacting, cooling to room
temperature and fTiltration were performed, the filtrate was
concentrated under reduced pressure, and the residue was
purified by column chromatography to obtain compound M1 (87 g);
LC-MS: [M+NH4]* = 386.0.
Example 2
Synthesis of compound M3:

N
o fBuOTﬁN/j/‘:D
N A O Bogr, O

‘BuO \\EQOH TEA 'BuO D
mﬂ N/\' ¢ W/\ N /\ Pentafluorophenol E F

| |
O Boc COOHO  Tol 120°C O Boc COOHO DCce
sM-2 M2 ms F

In a 1000 mL single-necked flask, compound SM-2 (synthesized
according to the method published in patent CN108452321A) (40
g, 96 mmol, 1.0 eq), triethylamine (26.7 mL, 2.0 eq), and
toluene (400 mL) were added, heated to 120°C, and a reaction
was carried out by refluxing for 2 h. When TLC monitoring
indicated that the reaction was essentially complete, cooling
to 50°C was performed, and solvent was removed by spinning under
reduced pressure. Dissolution with ethyl acetate (150 mL) and
water (40 mL) was performed, the pH was adjusted to 2-3 with 1M
HCI under ice bath stirring, and liquid separation was performed.
The aqueous layer was extracted once more with ethyl acetate,
the organic layers were combined, and drying was performed by
adding anhydrous sodium sulfate. After fTiltration, a light
yellow oily crude product was obtained by concentration, and
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the crude product was purified by column chromatography (DCM:
MeOH = 40:1) to obtain compound M2 (26.6 g); LC-MS: [M+H]* =
399.3.

In a 1000 mL single-necked flask, compound M2 (26.5 g, 60.5
mmol, 1.0 eq), pentafluorophenol (12.2 g, 66.5 mmol, 1.1 eq),
DCC (13.7 g, 66.5 mmol, 1.1 eq), and THF (300 mL) were added,
and a reaction was carried out at room temperature for 30 min
(monitored by TLC). The insoluble material was filtered out.
The reaction solution was purified directly by preparative LC,
and the prepared solution was concentrated at 35°C in a water
bath under reduced pressure by pumping water to remove
acetonitrile, and lyophilized to obtain compound M3 (31.5 Q)
with 64% yield; LC-MS: [M+H]* = 565.1.

Example 3
Synthesis of the compound ent-M3:

A\
0 Ty
\(Z) \ O Bo((:) O
1
BUOT}AN/\rNH < OH L:B“Oj(\pl /\BrN Pentafluorophenol F F
! /Tol,1200C ! >
O  Boc COOHO > O  Boc COOHO DCC

ent-SM-2 ent-M2 ent-M3 F -

Referring to the synthetic route of Example 2, compound ent-
M3 (27.8 g) was obtained; LC-MS: [M+H]* = 565.2.
Example 4
Synthesis of compound 1:
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o ‘9 _Ph
e] o] H O /\“\\/\OJLN/‘\TN\/ NJS,\[(OH
[ ‘| H H

H ? . o 0
HO. k. N e e OBR S
Fmog” " 07 o FmoeT T TNTROT me .
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Step 1: Compound 1la

In a 250 mL single-necked flask, add M1 (6 g, 16.3 mmol),
100 mL THF, p-toluenesulfonic acid monohydrate (0.31 g, 1.63
mmol), stir and cool to 0°C, perform dropwise addition of benzyl
hydroxyacetate (6.4 g, 32.6 mmol), then naturally warm to room
temperature for a reaction (the reaction lasts for about 2-4
h), with TLC monitoring. At the end of the reaction, saturated
NaHCOs; solution was added, extracted with ethyl acetate, washed
with saturated sodium chloride solution, dried with anhydrous
sodium sulfate, fTiltered, concentrated, and the residue was
purified by silica gel column (PE:EA=10:1-5:1-1:1) to obtain la
(4 g) at 52% yield; LC-MS: [M+H]* = 475.18.
Step 2: Compound 1b

In a 25 mL single-necked flask, add l1a (2 g, 4.2 mmol),
mL DMF, stir at 0°C, add DBU (766 mg, 5.04 mmol), and react for
1 h. After the completion of Fmoc deprotection as detected by
TLC, the reaction solution was set aside ready for use.

M4 (prepared according to the method published in patent
CN111051330 A) (1.73 g, 4.2 mmol), PyBOP (2.61 g, 5.04 mmol),
HOBt (680 mg, 5.04 mmol) and 10 mL of DMF were added to another

25 mL single-necked flask, DIPEA (830 uL, 5.04 mmol) was added
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Iin an ice-water bath, stirring was continued for 30 min, the
above reaction solution was added to the reaction flask, and
the temperature was raised to room temperature for a reaction.
When HPLC monitoring indicated the end of the reaction, the
reaction solution was purified by preparative LC to obtain a
product preparation Qliquid, the preparation liquid was
extracted by dichloromethane, washed with saturated sodium
chloride solution, dried with anhydrous sodium sulfate,
filtered, and the Tiltrate was concentrated under reduced
pressure to obtain solid 1b (1.7 g) at 63% yield; LCMS: [M+H]*
= 648.26.
Step 3: Compound 1c

1b (900 mg, 1.39 mmol) was added to a 25 mL single-necked
flask, and after dissolution with 15 mL of DMF, 900 mg of 5%
Pd/C was added, and a hydrogenation reaction took place for 2
h. After the completion of the reaction, fTiltering was
performed to obtain the filtrate, which was used directly for
the next step of the reaction without purification.
Step 4: Compound 1d

The crude product 1c was placed in an ice-water bath, DIPEA
(235 uL, 1.39 mmol) was added, and compound M3 (784 mg, 1.39
mmol) was added, then the temperature was raised to room
temperature to react for 1 h. When the reaction was complete
as indicated by HPLC monitoring, the reaction solution was
purified by HPLC to obtain a preparation liquid, which was
lyophilized to obtain 1d (504 mg); LC-MS: [M+H]* = 804.4.
Step 5: Compound 1le

Add 1d (500mg, 0.62mmol), M5 (310mg, 0.62mmol), PyBOP (448mg,
0.86mmol), HOBt (116mg, 0.86mmol) and 15mL DMF into a 50mL
single-necked flask, add DIPEA (378uL, 2.29 mmol) in an ice-
water bath, raise to room temperature and react for 2h. After
completion of the reaction was indicated by monitoring by HPLC,
the reaction solution was purified by HPLC to obtain a
preparation liquid of compound l1le, which was lyophilized to
obtain le (210 mg); LC-MS: [M+H] + =1221.6.
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Step 6: Compound 1

le (100 mg, 0.081 mmol), zinc bromide (368 mg, 1.63 mmol)
and 5 mL of nitromethane were added to a 25 mL single-necked
flask and the reaction was carried out at 40°C for 1 h. After
the completion of the reaction was indicated by monitoring by
HPLC, concentration under reduced pressure was performed to
remove the solvent, and a crude product was obtained. The crude
product was purified by HPLC to obtain a product preparation
liquid, and the preparation liquid was lyophilized to obtain
the solid compound 1 (60 mg); LC-MS: [M+H]* = 1065.3.

Example 5

Synthesis of compound 2:
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Referring to the synthetic route of Example 4, compound 2
(51 mg) was obtained; LC-MS: [M+H]* = 1065.3.
Example 6
Synthesis of compound 3:
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Step 1: Compound 3a

In a 250 mL single-necked flask, add M1 (6 g, 16.3 mmol),
100 mL THF, p-toluenesulfonic acid monohydrate (0.31 g, 1.63

5 mmol), stir and cool to 0°C, perform dropwise addition of benzyl

2-hydroxy-2-methylpropionate (6.3 g, 32.6 mmol), then perform

natural warming to room temperature for a reaction (the reaction
lasts for about 2-4 h), with TLC monitoring. At the end of the

reaction, saturated NaHCOsz solution was added, followed by

10 extraction with ethyl acetate, washing with saturated sodium

chloride solution, drying with anhydrous sodium sulfate,

filtering and concentration, and the residue was purified by
silica gel column (PE:EA=10:1-5:1-2:1) to obtain 3a (4.2 g) at

52% yield; LC-MS: [M+H]* = 503.3.
15 Step 2: Compound 3b

In a 25 mL single-necked flask, add 3a (2 g, 4.0 mmol) and
10 mL DMF, stir at 0°C, add DBU (760 mg, 5.0 mmol), and react
for 1 h. After the completion of Fmoc deprotection as detected

by TLC, the reaction solution was set aside ready for use.

20 Add M4 (1.65 g, 4.0 mmol), PyBOP (2.59 g, 5.0 mmol), HOBt
(675 mg, 5.0 mmol) and 10 mL of DMF into another 25 mL single-
necked flask, and add DIPEA (823 uL, 5.04 mmol) in an ice-water

81



10

15

20

25

30

35

bath, continue stirring for 30 min, and then add the above
reaction solution to the reaction flask and raise to room
temperature for a reaction. After the completion of the
reaction as indicated by monitoring by HPLC, the reaction
solution was purified by preparative LC to obtain a product
preparation liquid, which was extracted by dichloromethane,
washed with saturated sodium chloride solution, dried with
anhydrous sodium sulfate and filtered, and the Tfiltrate was
concentrated under reduced pressure to obtain the solid 3b (1.4
g) at 53% yield; LC-MS: [M+H]* = 676.2.
Step 3: Compound 3c

Add 3b (700 mg, 1.04 mmol) to a 25 mL single-necked flask,
dissolve in 10 mL of DMF, add 700 mg of 5% Pd/C, and perform a
hydrogenation reaction for 1.5 h. After the completion of the
reaction, filtering was performed to obtain a filtrate, which
was used directly for the next step of the reaction without
purification.
Step 4: Compound 3d

Place the crude product 3c In an ice-water bath, add DIPEA
(210 uL, 1.25 mmol) and then compound M3 (704 mg, 1.25 mmol),
then raise to room temperature and react for 1 h. After the
completion of the reaction as i1ndicated by HPLC monitoring, the
reaction solution was purified by HPLC to obtain a preparation
liquid, which was lyophilized to give 3d (486 mg); LC-MS: [M-
H]- = 830.5.
Step 5: Compound 3e

Add 3d (300 mg, 0.36 mmol), M5 (180 mg, 0.36 mmol), PyBOP
(260 mg, 0.5 mmol), HOBt (67 mg, 0.5 mmol) and 10 mL of DMF to
a 50 mL single-necked flask, add DIPEA (219.5 uL, 1.33 mmol) in
an ice-water bath, raise to room temperature and react for 3 h.
After the completion of the reaction as detected by HPLC, the
reaction solution was purified by HPLC to give the preparation
liquid of compound 3e, which was lyophilized to obtain 3e (157
mg); LC-MS: [M+H]* =1249.6.
Step 6: Compound 3
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Add 3e (100 mg, 0.08 mmol), zinc bromide (360 mg, 1.6 mmol)
and 5 mL of nitromethane to a 25 mL single-necked flask, and
react at 40°C for 1 h. After the completion of the reaction as
detected by HPLC, perform concentration under reduced pressure
to remove the solvent, to obtain a crude product. The crude
product was purified by high performance liquid chromatography
to obtain a product preparation liquid, and the preparation
liquid was lyophilized to obtain the solid compound 3 (64 mg);
LC-MS: [M+H]* = 1093.1.

Example 7
Synthesis of compound 4:
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Referring to the synthetic route of Example 6, compound 4
(60 mg) was obtained; LC-MS: [M+H]* = 1093.2.
Example 8
Synthesis of compound 5A:
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Step 1: Compound 5a
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Add M1 (500 mg, 1.4 mmol, 1.0 eq), p-toluenesulfonic acid
monohydrate (26 mg, 0.1 mmol, 0.1 eq) and 10 mL of THF iIn a 25
mL single-necked flask, stir well, then lower to 0°C, and then
slowly add L-lactic acid benzyl ester (1.2 g, 7.0 mmol, 5 eq),
and then raise to room temperature for a reaction. TLC
monitoring was performed, and at the end of the reaction,
saturated NaHCOsz solution was added, followed by extraction with
ethyl acetate, drying over anhydrous sodium sulfate, filtering
and concentration, and the residue was purified by reverse-
phase column to give 5a (400 mg);

LC-MS: [M+NH4] * = 506.2.

IH NMR (400 Mz, CDCI13/CD30D):1.39 (3H, d, J = 6.8 Hz), 3.78
(CH, t, J = 4.0 Hz), 4.17-4.27 (2H, m), 4.42 (2H, d, J = 4.0
Hz), 4.72-4.85 (2H, m), 5.11-5.58 (2H, m), 5.43 (1H, s), 7.06
(1H, t, J = 8.0 Hz), 7.25-7.33 (6H, m), 7.38 (2H, t, J = 8.0
Hz), 7.57 (2H, d, J = 8.0 Hz), 7.75 (2H, d, J = 8.0 Hz).

Step 2: Compound 5b

Add Compound 5a (400 mg, 0.8 mmol, 1.0 eq) and 4 mL of DMF
to a 25 mL single-necked flask, stir well, and then lower to
0°C before slowly adding DBU (137 mg, 0.9 mmol, 1.1 eq). After
the completion of the addition, raise to room temperature for
a reaction. The reaction was monitored by TLC, and at the end
of the reaction, the reaction solution was recorded as reaction
solution(1);

To another 25 mL single-necked flask, add M4 (372 mg, 0.9
mmol, 1.1 eq), PyBOP (852 mg, 1.6 mmol, 2.0 eq) and 3 mL of DMF,
stir at room temperature for 5 min, and add reaction solution(1).
The reaction was carried out at room temperature and monitored
by HPLC. When the reaction was completed, the reaction solution
was purified through HPLC to yield compound 5b (326 mg); LC-MS:
[M+NH4]* = 679.2.

Step 3: Compound 5c

Add 5b (4.0 g, 6.05 mmol, 1.0 eq) to a 100 mL single-necked
flask, dissolve in DMF (60 mL), then add 5% Pd/C (4 g), and
perform a hydrogenation reaction at room temperature for 4 h
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(HPLC was used to monitor the progress of the reaction). The
Pd/C was filtered, and the filtrate was placed directly in an
ice-water bath (about 0°C) without being concentrated, ready
for use.
Step 4: Compound 5d

Place the crude product 5c in an ice-water bath, add DIPEA
(1.1 mL, 1.1 eq) and then compound M3 (3.4 g, 6.05 mmol), and
then raise to room temperature and react for 2 h. After the
completion of the reaction as detected by HPLC, the reaction
solution was purified by HPLC to obtain a preparative liquid,
which was lyophilized to obtain 5d (3.15 g); LC-MS: [M-H]- =
816.3.
Step 5: Compound 5e

Add 5d (2.07g, 2.53mmol, 1.0eq), M5 (1.35g, 2.53mmol, 1.0eq),
PyBOP (1.98g, 3.79mmol, 1.5eq), HOBt (0.51g, 3.-79mmol, 1.5eq)
and DMF (40mL) to a 100 mL single-necked flask, add DIPEA
(1.05mL, 1.5eq) in an ice-water bath, raise to room temperature
and react for 2h (monitored by HPLC). The reaction solution
was directly purified by preparative LC, and the preparation
liquid was concentrated in a water bath under reduced pressure
by a water pump at 35°C to remove acetonitrile and freeze-dried
to obtain compound 5e (1.92g), with a yield of 61%; LC-MS:
[M+H]+ =1235.4.
Step 6: Compound 5A

To a 100 mL single-necked flask, add compound 5e (1.0 g, 0.8
mmol, 1.0 eq) and 35 mL nitromethane, and after dissolution,
add zinc bromide (3.64 g, 16 mmol, 20.0 eq), react for 30 min
in an oil bath at 40°C (stabilized in advance by preheating),
and concentrate at 45°C in a water bath under reduced pressure
by a water pump to remove the nitromethane, yielding a yellow
residue solid (monitored by HPLC). After acid preparation, the
preparation liquid of compound 5A was obtained, and was
concentrated at 35°C in a water bath under reduced pressure by
a water pump to remove acetonitrile by spinning, and lyophilized
to obtain compound 5A (786 mg) at a yield of 90%.
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LC-MS: [M+H]* = 1079.4;

1§ NMR (400 MHz, DMSO-d6) & 9.39 - 9.02 (m, 1H), 8.70 (t, J
= 6.5 Hz, 1H), 8.64 (t, J = 5.7 Hz, 1H), 8.56 (d, J = 8.8 Hz,
1H), 8.34 (t, J = 5.7 Hz, 1H), 8.16 ( d, J = 8.2 Hz, 1H), 8.01
(t, J = 5.5 Hz, 1H), 7.71 (d, J = 10.9 Hz, 1H), 7.30 (s, 1H),
7.28 — 7.15 (m, 4H), 7.14 (s, 2H), 5.53 (dd, J = 14.5, 6.4 Hz,
1H), 5.49 - 5.34 (m, 2H), 5.22 (d, J = 18.8 Hz, 1H), 5.09 (d,
J = 18.7 Hz, 1H), 5.03 (dd, J = 9.6, 3.9 Hz, 1H), 4.73 (dd, J
9.9, 6.9 Hz, 1H), 4.59 (dd, J = 10.1, 6.5 Hz, 1H), 4.49 (ddd,
J = 13.2, 8.6, 4.4 Hz, 1H), 4.14 (dd, J = 13.3, 6.6 Hz, 2H),
3.93 (s, 2H), 3.84 (dd, J = 16.5, 6.3 Hz, 1H), 3.76 (dd, J
16.9, 5.7 Hz, 2H), 3.70 (dd, J = 5.2 Hz, 2H), 3.60 (dd, J
16.7, 5.4 Hz, 1H), 3.52 (dd, J = 16.4, 5.1 Hz, 1H), 3.45 (dd,
J = 12.8, 10.1 Hz, 1H), 3.25 - 3.15 (m, 1H), 3.14 - 3.05 (m,
1H), 3.01 (dd, J = 13.7, 4.1 Hz, 1H), 2.73 (dd, J = 13.5, 9.8
Hz, 1H), 2.54 - 2.47 (m, 1H), 2.33 (s, 2H), 2.17 (d, J = 5.5
Hz, 2H ), 1.91 - 1.79 (m, 2H), 1.33 (d, J = 6.6 Hz, 2H), 0.87
(t, J = 7.3 Hz, 2H).

Example 9
Synthesis of compound 5B:
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Step 1: Compound 5d-1

Add compound 5b (300mg, 0.45mmol, 1.0eq) and DMF (3mL) to a
25mL single-necked flask, stir to dissolve, add 5% Pd/C (300mg),
perform hydrogen replacement three  times, perform a

hydrogenation reaction for 2h, and monitor for the end of the
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reaction by HPLC. After the reaction is over, remove Pd/C by
filtration, cool the filtrate to 0-5°C, add DIPEA (65mg, O.5mmol,
1.1leq), then add ent-M3 (255mg, 0.45mmol) to the Filtrate, then
raise to 20+5°C and react for 1 h, and monitor for the end of
the reaction by HPLC. After the completion of the reaction,
preparative purification was performed by HPLC, and the product
preparation liquid was collected and Ilyophilized to obtain
compound 5d-1 (200 mg), with a yield of 54%; LC-MS: [M-H]- =
816.3.
Step 2: Compound 5e-1

Add compound 5d-1 (200mg, 0.24mmol, 1.0eq), M5 (127mg,
0.24mmol, 1.0eq), PyBOP (187mg, 0.36mmol, 1.2eq), HOBt (48mg,
0.36mmol, 1.2 eq) and DMF (6mL) into a 25mL single-necked flask,
lower the temperature iIn an ice-water bath to 0-5°C, and add
DIPEA (62mg, 0.48mmol, 2.0eq). After the addition is completed,
raise to 20+5°C and react for 2h, and use HPLC to monitor for
the completion of the reaction. The reaction solution underwent
preparative purification by HPLC, and the product preparation
liqguid was collected and lyophilized to obtain compound 5e-1
(162.8 mg); LC-MS: [M+H]* =1235.4.
Step 3: Compound 5B

Sequentially add compound 5e-1 (110 mg, 0.089 mmol, 1.0 eq),
ZnBr2> (400 mg, 1.78 mmol, 20.0 eq) and CHsNO> (10 mL) into a 25
mL single-necked flask. After the addition, raise to 40°C and
react for 0.5 h, and then stop the reaction. The reaction
solution was dried directly at 45°C by spin-drying under reduced
pressure to obtain a yellow solid. Samples were taken and the
reaction was monitored by HPLC. The spin-dried solid was
directly purified by HPLC preparation, and the product
preparation liquid was collected and Ilyophilized to obtain
compound 5B (73.4 mg) at 76.5% yield; LC-MS: [M+H]* = 1079.4.

Example 10

Preparation of compound 6A:
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Referring to the synthetic route of Example 8, compound 6A
(71 mg) was obtained; LC-MS: [M+H]* = 1079.4.
Example 11
5 Preparation of compound 6B:
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Referring to the synthetic route of Example 9, compound 6B
(59 mg) was obtained; LC-MS: [M+H]* = 1079.4.

Example 12
10 Preparation of compounds 7A and 7B:
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Step 1: Compound 7a

In a 250 mL single-necked flask, add M1 (10 g, 27.1 mmol),
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benzyl 3,3,3-trifluorolactate (prepared according to the method
published in patent W02020063673A1) (12.7 g, 54.3 mmol), zinc
acetate (9.96 g, 54.3 mmol) and 100 mL of toluene, heat to 100°C
and react for 4 h. When the reaction is completed, reduce to
room temperature, Ffilter to remove insoluble material, and
concentrate the filtrate to obtain a crude product. The crude
product was purified by silica gel column chromatography
(PE:EA=10:1-5:1-2:1) to obtain 5.15 g of the target material,
yield 35.1%; LC-MS: [M+H]* = 543.17.

Step 2: Compound 7b

Add 7a (b g, 9.2 mmol) and 15 mL of DMF in a 50 mL single-
necked flask, dissolve until clear, and then add DBU (1.68 g,
11 mmol) in an ice-water bath and react for 1 h, and record
the reaction solution as reaction solution (1).

Take another 50 mL single-necked flask, add M4 (3.8 g, 9.2
mmol), PyBOP (56.75 g, 11 mmol), HOBt (1.49 g, 11 mmol) and 10
mL DMF. When dissolved, add DIPEA (1.82 mL, 11 mmol) i1n an
ice-water bath, and continue the reaction for 30 min, then add
reaction solution (1), and raise to room temperature and react
for 2 h. The reaction progress was monitored by HPLC. After
the completion of the reaction, the reaction solution was
purified by high performance liquid chromatography to obtain a
preparation liquid. The preparation liquid was extracted with
dichloromethane, washed with saturated sodium chloride solution,
dried with anhydrous sodium sulfate, filtered, and concentrated
to obtain 4.1 g of solid, with a yield of 62.3%; LC-MS: [M+H]*
= 716.25.

Step 3: Compound 7d

Add 7b (900 mg, 1.26 mmol) in a 25 mL single-necked flask,
and after dissolution with 15 mL of DMF, add 900 mg of 5% Pd/C,
and perform a hydrogenation reaction for 2 h. After the
completion of the reaction, perform Ffiltration, place the
filtrate 1n an ice-water bath, add DIPEA (228 uL, 1.38 mmol),
and then add M3 (712 mg, 1.26 mmol), and then raise to room
temperature and react for 1 h. When the reaction was completed
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as detected by HPLC, the reaction solution was purified by high
performance liquid chromatography to obtain a preparation
liquid, which was lyophilized to obtain 525 mg of a product at
47 .9% yield; LC-MS: [M-H]- = 870.33.
Step 4: Compound 7e

Add 7d (500 mg, 0.57 mmol), M5 (305 mg, 0.57 mmol), PyBOP
(448 mg, 0.86 mmol), HOBt (116 mg, 0.86 mmol) and 15 mL of DMF
to a 50 mL single-necked flask, add DIPEA (378 uL, 2.29 mmol)
in an ice-water bath, raise to room temperature and react for
2 h. After the completion of the reaction as detected by HPLC,
the reaction solution was purified by high performance liquid
chromatography to obtain the preparation liquids of compound
7e-1 and compound 7e-2, and the preparation liquids were
lyophilized to obtain 150 mg of compound 7e-1, LC-MS: [M+H]*
=1289.46, and 220 mg of compound 7e-2, LC-MS: [M+H]* = 1289.46,
respectively.
Step 5: Compound 7A

Add 7e-1 (100 mg, 0.077 mmol), zinc bromide (349 mg, 1.55
mmol) and 5 mL of nitromethane to a 25 mL single-necked flask,
and react at 40°C for 1 h. After the completion of the reaction
as detected by HPLC, the solvent was removed by concentration
under reduced pressure, and a crude product was obtained. The
crude product was purified by high performance liquid
chromatography to obtain a product preparation liquid, and the
preparation liquid was lyophilized to obtain 52 mg of solid;
TOF result: 1133.3613.

Step 6: Compound 7B

q@*ww”ﬁ %WLN Ay

“NBoc
COO'Bu

90



10

15

20

25

Add 7e-2 (100 mg, 0.077 mmol), zinc bromide (349 mg, 1.55
mmol) and 5 mL of nitromethane to a 25 mL single-necked flask
and react at 40°C for 1 h. After the completion of the reaction
as detected by HPLC, the solvent was removed by concentration
under reduced pressure, and a crude product was obtained. The
crude product was purified by high performance liquid
chromatography to obtain a product preparation liquid, and the
preparation liquid was lyophilized to obtain 63 mg of solid;
TOF result: 1133.3668.

Example 13
Synthesis of compounds 8A and 8B:

“”W”W”I?;>

] Bo& OO

emmﬁ? qﬁ”ﬁﬂ% /‘:WGJLN o)ﬁ(OH I ms

NBoc PyBOP, HOBt, DIPEA, DMF

DIF’EA DMF, rt
COO Bu

CF3

q YLNWNQL LN Ay ony q Wy - L( SRS

CF3

NBoc

coo'Bu

8e-2 o

Step 1: Compound 8d

In a 25 mL single-necked flask, 7c (900 mg, 1.83 mmol) was
added, 20 mL of DMF was used to dissolve, then DIPEA (303 uL,
1.83 mmol) was added, and ent-M3 (1034 mg, 1.83 mmol) was added,
and then the temperature was raised to room temperature to react
for 1 h. After the completion of the reaction as detected by
HPLC, the reaction solution was purified by high-performance
liquid chromatography to obtain a preparation liquid, which was
lyophilized to give 613 mg of a product at 38.5% yield; LC-MS:
[M-H]- = 870.32.
Step 2: Compound 8e-1 and Compound 8e-2

Add 8d (500 mg, 0.57 mmol), M5 (305 mg, 0.57 mmol), PyBOP
(448 mg, 0.86 mmol), HOBt (116 mg, 0.86 mmol) and 15 mL of DMF
into a 50 mL single-necked flask, add DIPEA (378 uL, 2.29 mmol)
in an ice-water bath, and raise to room temperature to react

for 2 h. After the completion of the reaction as detected by
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HPLC, the reaction solution was purified by high performance
liquid chromatography to obtain the preparation liquids of
compound 8e-1 and compound 8e-2, and the preparation liquids
were lyophilized to obtain 140 mg of compound 8e-1 and 210 mg
of compound 8e-2, respectively. LC-MS of compound 8e-1: [M+H]*
= 1289.47; LC-MS of compound 8e-2: [M+H]* = 1289.47.

Step 3: Compound 8A

COO'Bu _ ZnBry _

e-1
Add Compound 8e-1 (100 mg, 0.077 mmol), zinc bromide (349
mg, 1.55 mmol) and 5 mL of nitromethane into a 25 mL single-
necked flask, and react at 40°C for 1 h. After the completion
of the reaction as detected by HPLC, the solvent was removed by
concentration under reduced pressure, and a crude product was
obtained. The crude product was purified by high performance
liquid chromatography to obtain a product preparation liquid,
and the preparation liquid was lyophilized to obtain 50 mg of
solid; TOF result: 1133.3623.
Step 4: Compound 8B

o Ph
o o o CFs

4 H H o

q N/W(NJJ\N § NJLNAO R

o Ho 5 H o HN
NBoc
L Q

COO'Bu

Add Compound 8e-2 (100 mg, 0.077 mmol), zinc bromide (349
mg, 1.55 mmol) and 5 mL of nitromethane into a 25 mL single-
necked flask and react at 40°C for 1 h. After the completion
of the reaction as detected by HPLC, the solvent was removed by
concentration under reduced pressure, and a crude product was
obtained. The crude product was purified by high performance
liquid chromatography to obtain a product preparation liquid,
and the preparation liquid was lyophilized to obtain 58 mg of
a solid; TOF result: 1133.3653.
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Example 14
Synthesis of compound 9A:
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Step 1: Compound 9a

In a 250 mL single-necked flask, add M1 (6 g, 16.3 mmol),
100 mL THF and p-toluenesulfonic acid monohydrate (0.31 g, 1.63
mmol), stir and cool to 0°C, add benzyl 2-hydroxy-2-cyclopropyl
acetate dropwise (prepared according to the method published in
patent US20050020645 Al) (6.3 g, 32.6 mmol), then naturally
warm up to room temperature to react (the reaction lasts for
about 2-4 h), with TLC monitoring. At the end of the reaction,
saturated NaHCOsz solution was added, followed by extraction with
ethyl acetate, washing with saturated sodium chloride solution,
drying with anhydrous sodium sulfate, filtering and
concentration, and the residue was purified by silica gel column
(PE:EA=10:1-5:1-2:1) to give 9a (3.7 g) at 45% yield; LC-MS:
[M+H]* = 501.5.
Step 2: Compound 9b

In a 25 mL single-necked flask, add 9a (2 g, 4.0 mmol) and
10 mL DMF, stir at 0°C, add DBU (760 mg, 5.0 mmol), and react
for 1 h. After the completion of TLC-monitored Fmoc
deprotection, the reaction solution was set aside, ready for
use.

Add M4 (1.65 g, 4.0 mmol), PyBOP (2.59 g, 5.0 mmol), HOBt
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(675 mg, 5.0 mmol) and 10 mL of DMF into another 25 mL single-
necked flask, add DIPEA (823 uL, 5.04 mmol) in an ice-water
bath, continue stirring for 30 min, and then add the above
reaction solution to the reaction flask and raise to room
temperature to react. After completion of the reaction as
detected by HPLC, the reaction solution was purified by
preparative LC to obtain a product preparation liquid, which
was extracted by dichloromethane, washed with saturated sodium
chloride solution, dried with anhydrous sodium sulfate, and
filtered, and the Tiltrate was concentrated under reduced
pressure to obtain 1.5 g of a solid at 56% yield; LC-MS: [M+H]*
= 674.7.
Step 3: Compound 9c

9b (900 mg, 1.3 mmol) was added into a 25 mL single-necked
flask, and after dissolution with 10 mL of DMF, 900 mg of 5%
Pd/C was added, and a hydrogenation reaction was carried out
for 1.5 h. After the completion of the reaction, fTiltration
was performed to obtain the filtrate, which was used directly
for the next step of the reaction without purification.
Step 4: Compound 9d

Place the crude product 9c In an ice-water bath, add DIPEA
(223 uL, 1.3 mmol) and then compound M3 (750 mg, 1.3 mmol),
then raise to room temperature and react for 1 h. After the
completion of the reaction as detected by HPLC, the reaction
solution was purified by HPLC to give a preparation liquid,
which was lyophilized to give 9d (529 mg); LC-MS: [M-H]- = 828.4.
Step 5: Compound 9e

Add 9d (500 mg, 0.6 mmol), M5 (300 mg, 0.6 mmol), PyBOP (416
mg, 0.8 mmol), HOBt (108 mg, 0.5 mmol) and 15 mL of DMF into a
50 mL single-necked flask, add DIPEA (351 uL, 2.13 mmol) in an
ice-water bath, raise to room temperature and react for 3 h.
After the completion of the reaction as detected by HPLC, the
reaction solution was purified by high performance Hliquid
chromatography to obtain the preparative liquid of compound 9e,
which was lyophilized to obtain 9e (257 mg); LC-MS: [M+H]* =
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Step 6: Compound 9A

Add 9e (100 mg, 0.08 mmol), zinc bromide (360 mg, 1.6 mmol)
and 5 mL of nitromethane to a 25 mL single-necked flask and
carry out a reaction at 40°C for 1 h. After the completion of
the reaction as detected by HPLC, the solvent was removed by
concentration under reduced pressure, and a crude product was
obtained. The crude product was purified by high performance
liquid chromatography to obtain a product preparation liquid,
and the preparation liquid was lyophilized to obtain the solid
compound 9A (55 mg); LC-MS: [M+H]* = 1091.3.

Example 15

Synthesis of compound 9B:

9B

Referring to the synthetic route of Example 14, compound 9B
(44 mg) was obtained; LC-MS: [M+H]* = 1091.3.
Example 16
Synthesis of compound 10A:
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Step 1: Compound 10a
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In a 250 mL single-necked flask, add M1 (6 g, 16.3 mmol),
100 mL THF and p-toluenesulfonic acid monohydrate (0.31 g, 1.63
mmol), stir and cool to 0°C, add benzyl 3-hydroxy-2-
cyclopropylpropionate dropwise (prepared with reference to the
method published In patent W02013187496A1) (6.7 g, 32.6 mmol),
then naturally warm up to room temperature to react (react for
about 2-4 h), with TLC monitoring. At the end of the reaction,
saturated NaHCOz solution was added, followed by extraction with
ethyl acetate, washing with saturated sodium chloride solution,
drying with anhydrous sodium sulfate, filtering and
concentration, and the residue was purified by silica gel column
(PE:EA=10:1-5:1-2:1) to give 10a (4.9 g) at 58% yield; LC-MS:
[M+H]* = 515.4.

Step 2: Compound 10b

In a 25 mL single-necked flask, add 10a (4 g, 7-8 mmol) and
10 mL DMF, stir at 0°C, add DBU (1.2 g, 8.0 mmol), and react
for 1 h. After the completion of TLC-monitored Fmoc
deprotection, set aside the reaction solution, ready for use.

Add M4 (3.3 g, 8.0 mmol), PyBOP (5.2 g, 10.0 mmol), HOBt
(1.35 g, 10.0 mmol) and 10 mL of DMF into another 25 mL single-
necked flask, and add DIPEA (1.65 mL, 10.1 mmol) iIn an ice-
water bath, continue stirring for 50 min, and then add the above
reaction solution to the reaction flask, raise to room
temperature and react. After the completion of the reaction as
detected by HPLC, the reaction solution was purified by
preparative LC to obtain a product preparation liquid, which
was extracted by dichloromethane, washed with saturated sodium
chloride solution, dried with anhydrous sodium sulfate and
filtered, and the Tiltrate was concentrated under reduced
pressure to obtain 2.3 g of a solid at 42% yield; LC-MS: [M+H]*
= 688.8.

Step 3: Compound 10c

Add 10b (1.0 g, 1.45 mmol) into a 25 mL single-necked flask,

dissolve in 15 mL of DMF until clear, then add 1.0 g of 5% Pd/C,

and perform a hydrogenation reaction for 1.5 h. After the
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completion of the reaction, Ffiltration was performed to obtain
a filtrate, which was used directly for the next step of the
reaction without purification.
Step 4: Compound 10d

The crude product 10c was placed In an ice-water bath, DIPEA
(258 uL, 1.5 mmol) was added, and compound M3 (837 mg, 1.45
mmol) was then added, and then the temperature was raised to
room temperature to react for 1 h. Upon completion of the
reaction as detected by HPLC, the reaction solution was purified
by HPLC to obtain a preparation liquid, which was lyophilized
to obtain 10d (499 mg); LC-MS: [M-H]- = 842.4.
Step 5: Compound 10e

10d (400 mg, 0.48 mmol), M5 (240 mg, 0.48 mmol), PyBOP (250
mg, 0.48 mmol), HOBt (104 mg, 0.48 mmol) and 15 mL of DMF were
added 1nto a 50 mL single-necked flask, DIPEA (330 uL, 2.0 mmol)
was added In an i1ce-water bath, and the temperature was raised
to room temperature to react for 3 h. After the completion of
the reaction as detected by HPLC, the reaction solution was
purified by HPLC to give the preparation liquid of compound 10e,
which was lyophilized to obtain 10e (188 mg); LC-MS: [M+H]* =
1261.5.
Step 6: Compound 10A

10e (100 mg, 0.08 mmol), zinc bromide (360 mg, 1.6 mmol) and
5 mL of nitromethane were added to a 25 mL single-necked flask
and a reaction was carried out at 40°C for 1 h. After the
completion of the reaction as detected by HPLC, the solvent was
removed by concentration under reduced pressure, and a crude
product was obtained. The crude product was purified by high
performance liquid chromatography to obtain a product
preparation liquid, and the preparation liquid was lyophilized
to obtain the solid compound 10A (61 mg); LC-MS: [M+H]* = 1105.4.

Example 17

Synthesis of compound 10B:
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Referring to the synthetic route of Example 16, compound 10B
(75 mg) was obtained; LC-MS: [M+H]* =1105.4.
Example 18
Synthesis of compound 11A:
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Step 1: Compound 1la

In a 250 mL single-necked flask, add M1 (6 g, 16.3 mmol),
100 mL THF and p-toluenesulfonic acid monohydrate (0.31 g, 1.63
mmol), stir and cool to 0°C, add benzyl 2-hydroxy-2-
cyclobutylacetate dropwise (synthesized by the method published
in the literature Journal of Medicinal Chemistry, 2013, 56(13),
5541-5552) (6.7 g, 32.6 mmol), then naturally warm up to room
temperature and react (react for about 2-4 h), with TLC
monitoring. At the end of the reaction, saturated NaHCO3
solution was added, followed by extraction with ethyl acetate,
washing with saturated sodium chloride solution, drying with

anhydrous sodium sulfate, filtering and concentration, and the
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residue was purified by silica gel column (PE:EA=10:1-5:1-2:1)
to give 1lla (5.1 g) at 62% yield; LC-MS: [M+H]* = 515.7.
Step 2: Compound 11b

In a 25 mL single-necked flask, add 11la (4 g, 7-8 mmol) and
10 mL DMF, stir at 0°C, add DBU (1.2 g, 8.0 mmol), and react
for 1 h. After the completion of TLC-monitored Fmoc deprotection,
set aside the reaction solution, ready for use.

Add M4 (3.3 g, 8.0 mmol), PyBOP (5.2 g, 10.0 mmol), HOBt
(1.35 g, 10.0 mmol) and 10 mL of DMF into another 25 mL single-
necked flask, and add DIPEA (1.63 mL, 10.0 mmol) in an ice-
water bath, continue stirring for 40 min, and then add the above
reaction solution to the reaction flask, and raise to room
temperature to react. After the completion of the reaction as
detected by HPLC, the reaction solution was purified by
preparative LC to obtain a product preparation liquid, which
was extracted by dichloromethane, washed with saturated sodium
chloride solution, dried with anhydrous sodium sulfate and
filtered, and the TfTiltrate was concentrated under reduced
pressure to obtain 2.3 g of a solid at 42% yield; LC-MS: [M+H]*
= 688.3.

Step 3: Compound 11c

Add 11b (2.0 g, 2.9 mmol) into a 25 mL single-necked flask,
and after dissolution with 25 mL of DMF, add 2.0 g of 5% Pd/C,
and carry out a hydrogenation reaction for 3 h. After the
completion of the reaction, it was filtered to obtain a filtrate,
which was used directly for the next step of the reaction
without purification.

Step 4: Compound 11d

The crude product 11c was placed In an ice-water bath, DIPEA
(516 uL, 3.0 mmol) was added, and then compound M3 (1.7 g, 2.9
mmol) was added, and then the temperature was raised to room
temperature to react for 2 h. After the completion of the
reaction as detected by HPLC, the reaction solution was purified
by HPLC to obtain a preparation liquid, which was lyophilized
to give 11d (934 mg); LC-MS: [M-H]- = 842.4.
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Step 5: Compound 1le

Add 11d (800 mg, 0.96 mmol), M5 (480 mg, 0.96 mmol), PyBOP
(500 mg, 0.96 mmol), HOBt (208 mg, 0.96 mmol) and 30 mL of DMF
into a 50 mL single-necked flask, add DIPEA (660 uL, 4.0 mmol)
In an ice-water bath, raise to room temperature and react for
4 h. After the completion of the reaction as detected by HPLC,
the reaction solution was purified by HPLC to give the
preparation liquid of compound 1le, which was lyophilized to
obtain 1le (401 mg); LC-MS: [M+H]* = 1261.4.
Step 6: Compound 11A

11e (150 mg, 0.12 mmol), zinc bromide (5632 mg, 2.4 mmol) and
10 mL of nitromethane were added to a 25 mL single-necked flask
and a reaction was carried out at 40°C for 1 h. After the
reaction was complete as detected by HPLC, the solvent was
removed by concentration under reduced pressure, and a crude
product was obtained. The crude product was purified by high
performance liquid chromatography to obtain a product
preparation liquid, and the preparation liquid was lyophilized
to obtain the solid compound 11A (86 mg); LC-MS: [M+H]* = 1105.4.

Example 19

Synthesis of compound 11B
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Referring to the synthetic route of Example 18, compound 11B
(50 mg) was obtained. LC-MS: [M+H]* = 1105.4.
Example 20
Synthesis of compound 12A:
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Step 1: Compound 12a

In a 250 mL single-necked flask, add M1 (6 g, 16.3 mmol),
100 mL THF and p-toluenesulfonic acid monohydrate (0.31 g, 1.63
mmol), stir and cool to 0°C, add benzyl 3-hydroxy-2-
cyclobutylpropionate dropwise (prepared according to the method
published i1n patent W02009011285A1) (7-2 g, 32.6 mmol). Then
warm up to room temperature naturally to react (react for about
2-4 h), with TLC monitoring. At the end of the reaction,
saturated NaHCOs solution was added, followed by extraction with
ethyl acetate, washing with saturated sodium chloride solution,
drying with anhydrous sodium sulfate, filtering and
concentration, and the residue was purified by silica gel column
(PE:EA=10:1-5:1-2:1) to give 12a (4.5 g) at 52% yield; LC-MS:
[M+H]* = 529.4.
Step 2: Compound 12b

In a 25 mL single-necked flask, add 12a (4 g, 7.6 mmol) and
10 mL DMF, stir at 0°C, add DBU (1.2 g, 8.0 mmol), and react
for 1 h. After the completion of TLC-monitored Fmoc deprotection,
set aside the reaction solution, ready for use.

Add M4 (3.2 g, 7.6 mmol), PyBOP (4.7 g, 9.0 mmol), HOBt
(1.22 g, 9.0 mmol) and 10 mL of DMF in another 25 mL single-
necked flask, add DIPEA (1.49 mL, 0.9 mmol) in an ice-water
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bath, and continue stirring for 30 min, then add the above

reaction solution to the

reaction Tflask and raise the

temperature to room temperature to react. After the completion

of the reaction as detected by HPLC, the reaction solution was

purified by preparative LC to obtain a product preparation

liquid, which was extracted by dichloromethane, washed with

saturated sodium chloride solution, dried with anhydrous sodium

sulfate and filtered, and

the filtrate was concentrated under

reduced pressure to obtain 2.0 g of a solid at 37% yield; LC-

MS: [M+H]* = 702.8.
Step 3: Compound 12c

Add 12b (1.0 g, 1.43 mmol) into a 25 mL single-necked flask,
and dissolve in 15 mL of DMF until clear, add 1.0 g of 5% Pd/C,
and carry out a hydrogenation reaction for 1.5 h. After the

completion of the reaction, it was filtered to obtain a filtrate

which was used directly
without purification.
Step 4: Compound 12d

for the next step of the reaction

Place the crude product 12c in an ice-water bath, add DIPEA
(258 uL, 1.5 mmol) and then compound M3 (825 mg, 1.43 mmol),
the raise to room temperature and react for 1 h. After the

completion of the reaction as detected by HPLC, the reaction

solution was purified by HPLC to obtain a preparation liquid,
which was lyophilized to obtain 12d (522 mg); LC-MS: [M-H]- =

856.4.
Step 5: Compound 12e

Add 12d (400 mg, 0.47 mmol), M5 (240 mg, 0.47 mmol), PyBOP
(250 mg, 0.47 mmol), HOBt (101 mg, 0.47 mmol) and 15 mL of DMF
into a 50 mL single-necked flask, add DIPEA (330 uL, 2.0 mmol)
In an ice-water bath, raise to room temperature and react for
3 h. After the completion of the reaction as detected by HPLC,

the reaction solution was purified by HPLC to give a preparation

liquid of compound 12e,
(198 mg); LC-MS: [M+H]* =
Step 6: Compound 12A

which was
1275.4.
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Add 12e (100 mg, 0.08 mmol), zinc bromide (360 mg, 1.6 mmol)
and 5 mL of nitromethane to a 25 mL single-necked flask and
carry out a reaction at 40°C for 1 h. After the completion of
the reaction as detected by HPLC, the solvent was removed by

5 concentration under reduced pressure, and a crude product was
obtained. The crude product was purified by high performance
liquid chromatography to obtain a product preparation liquid,
and the preparation liquid was lyophilized to obtain the solid
compound 12A (55 mg); LC-MS: [M+H]* = 1119.4.

10 Example 21
Synthesis of compound 12B:
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Referring to the synthetic route of Example 20, compound
12B (50 mg) was obtained; LC-MS: [M+H]* = 1119.4.
15 Example 22
Synthesis of compound 13A:
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Step 1: Compound 13a
In a 250 mL single-necked flask, add M1 (6 g, 16.3 mmol),
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100 mL THF and p-toluenesulfonic acid monohydrate (0.31 g, 1.63
mmol), stir and cool to 0°C, add benzyl 2-hydroxy-2-
cyclopentylacetate dropwise (synthesized by the method
published in the literature, Journal of Medicinal Chemistry,
2013, 56(13), 5541-5552) (7.2 g, 32.6 mmol), then naturally
warm up to room temperature to react (react for about 2-4 h),
with TLC monitoring. At the end of the reaction, saturated
NaHCOs solution was added, followed by extraction with ethyl
acetate, washing with saturated sodium chloride solution,
drying with anhydrous sodium sulfate, filtering and
concentration, and the residue was purified by silica gel column
(PE:EA=10:1-5:1-2:1) to give 13a (4.6 g) at 53% yield; LC-MS:
[M+H]* = 529.5.

Step 2: Compound 13b

In a 25 mL single-necked flask, add 13a (4 g, 7.6 mmol) and
10 mL DMF, stir at 0°C, add DBU (1.17 g, 7.8 mmol), and react
for 1 h. After the completion of TLC-monitored Fmoc deprotection,
set aside the reaction solution, ready for use.

Add M4 (3.14 g, 7-6 mmol), PyBOP (4.42 g, 8.5 mmol), HOBt
(1.15 g, 8.5 mmol) and 10 mL of DMF into another 25 mL single-
necked flask, add DIPEA (1.-39 mL, 0.85 mmol) iIn an ice-water
bath, continue stirring for 30 min, and then add the above
reaction solution to the reaction flask, and raise to room
temperature to react. After the completion of the reaction as
detected by HPLC, the reaction solution was purified by
preparative LC to obtain a product preparation liquid, which
was extracted by dichloromethane, washed with saturated sodium
chloride solution, dried with anhydrous sodium sulfate and
filtered, and the Tiltrate was concentrated under reduced
pressure to obtain 2.1 g of a solid at 39% yield; LC-MS: [M+H]*
= 702.8.

Step 3: Compound 13c

13b (1.5 g, 1.87 mmol) was added to a 25 mL single-necked

flask, and after dissolution with 25 mL of DMF, 1.5 g of 5%

Pd/C was added, and a hydrogenation reaction was carried out
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for 3 h. After completion of the reaction, filtration was
performed, and a filtrate was obtained, and used directly for
the next step of the reaction without purification.
Step 4: Compound 13d

The crude product 13c was placed In an ice-water bath, DIPEA
(333 uL, 1.93 mmol) was added, and compound M3 (1.1 g, 1.87
mmol) was then added, before raising to room temperature to
react for 1 h. Upon completion of the reaction as detected by
HPLC, the reaction solution was purified by HPLC to obtain a
preparation liquid, which was lyophilized to give 13d (519 mg);
LC-MS: [M-H]- = 856.6.
Step 5: Compound 13e

Add 13d (400 mg, 0.47 mmol), M5 (240 mg, 0.48 mmol), PyBOP
(250 mg, 0.48 mmol), HOBt (103 mg, 48 mmol) and 15 mL of DMF to
a 50 mL single-necked flask, add DIPEA (330 uL, 2.0 mmol) in an
ice-water bath, and raise to room temperature to react for 4 h.
Upon completion of the reaction as detected by HPLC, the
reaction solution was purified by HPLC to obtain the preparation
liquid of compound 13e, which was lyophilized to obtain 13e
(187 mg); LC-MS: [M+H]* = 1275.5.
Step 6: Compound 13A

Add 13e (100 mg, 0.08 mmol), zinc bromide (355 mg, 0.16 mmol)
and 5 mL of nitromethane iInto a 25 mL single-necked flask and
carry out a reaction at 40°C for 1 h. Upon completion of the
reaction as detected by HPLC, the solvent was removed by
concentration under reduced pressure, and a crude product was
obtained. The crude product was purified by high performance
liquid chromatography to obtain a product preparation liquid,
and the preparation liquid was lyophilized to obtain the solid
compound 13A (60 mg); LC-MS: [M+H]* = 1119.6.

Example 23

Synthesis of compound 13B:
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Referring to the synthetic route of Example 22, compound 13B
(51 mg) was obtained; LC-MS: [M+H]* = 1119.6.
Example 24
Synthesis of compound 14A:

0] Ph

o
HO OBn ] N/ﬁ( %N&OH
H o Q \)k H ™o
Fmoc/N\)kN/\Ok M Fmoc” N N/\O M4
H stO

H+H 0, THF, rt PyBOP, DIPEA, DMF, rt

M1
o 4O o

Bno)LN/}(N\)LN/E,(N\)LNAo ogn  OPPIC HzNﬁ(N\)kN/ng\)kNAO OH
Wl Hol R X Ho N

14b 14c
MeSOzH+H,N

DIPEA, DMF, rt 14d

COO Bu

N Boc

&y

14A

Step 1: Compound 14a

In a 250 mL single-necked flask, add M1 (6 g, 16.3 mmol),
100 mL THF and p-toluenesulfonic acid monohydrate (0.31 g, 1.63
mmol), stir and cool to 0°C, add benzyl 3-hydroxy-2-
cyclopentylpropionate dropwise (synthesized by the method
published in patent W02009011285A1) (7.6 g, 32.6 mmol), then
naturally warm up to room temperature and react (react for about
2-4 h), with TLC monitoring. At the end of the reaction,
saturated NaHCOz solution was added, followed by extraction with
ethyl acetate, washing with saturated sodium chloride solution,
drying with anhydrous sodium sulfate, filtering and
concentration, and the residue was purified by silica gel column
(PE:EA=10:1-5:1-2:1) to give 1l4a (4.4 g) at 49% yield; LC-MS:
[M+H]* = 543.6.
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Step 2: Compound 14b

In a 25 mL single-necked flask, add 14a (4 g, 7-4 mmol) and
10 mL DMF, stir at 0°C, add DBU (1.2 g, 8.0 mmol), and react
for 1 h. After the completion of Fmoc deprotection as detected
by TLC, set aside the reaction solution, ready for use.

Add M4 (3.1 g, 7-4 mmol), PyBOP (4.6 g, 8.8 mmol), HOBt
(1.19 g, 8.8 mmol) and 10 mL of DMF into another 25 mL single-
necked flask, add DIPEA (1.49 mL, 9.0 mmol) in an ice-water
bath, and continue stirring for 30 min, then add the above
reaction solution to the reaction flask and raise the
temperature to room temperature to react. After the completion
of the reaction as detected by HPLC, the reaction solution was
purified by preparative LC to obtain a product preparation
liquid, which was extracted by dichloromethane, washed with
saturated sodium chloride solution, dried with anhydrous sodium
sulfate and filtered, and the fTiltrate was concentrated under
reduced pressure to obtain 2.6 g of a solid at 49% yield; LC-
MS: [M+H]* = 716.4.

Step 3: Compound 14c

In a 25 mL single-necked flask, 14b (1.0 g, 1.4 mmol) was
added, and after dissolution with 15 mL of DMF, 1.0 g of 5%
Pd/C was added, and a hydrogenation reaction was carried out
for 1.5 h. After completion of the reaction, Tfiltration was
performed, and a filtrate was obtained, and used directly for
the next step of the reaction without purification.

Step 4: Compound 14d

The crude product 14c was placed In an ice-water bath, DIPEA
(248 uL, 1.5 mmol) was added, then compound M3 (808 mg, 1.4
mmol) was added, then the temperature was raised to room
temperature to react for 1 h. When the reaction was completed
as detected by HPLC, the reaction solution was purified by HPLC
to obtain a preparation liquid, which was lyophilized to obtain
14d (500 mg); LC-MS: [M-H]- = 870.5.

Step 5: Compound 14e
Add 14d (400 mg, 0.46 mmol), M5 (235 mg, 0.46 mmol), PyBOP
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(245 mg, 0.46 mmol), HOBt (99 mg, 0.46 mmol) and 15 mL of DMF
into a 50 mL single-necked flask, add DIPEA (331 uL, 2.0 mmol)
In an ice-water bath, raise to room temperature and react for
3 h. After the completion of the reaction as detected by HPLC,
the reaction solution was purified by HPLC to give the
preparation liquid of compound 14e, which was lyophilized to
obtain 14e (146 mg); LC-MS: [M+H]* = 1289.5.
Step 6: Compound 14A

14e (100 mg, 0.08 mmol), zinc bromide (360 mg, 1.6 mmol) and
5 mL of nitromethane were added to a 25 mL single-necked flask
and a reaction was carried out at 40°C for 1 h. After completion
of the reaction as detected by HPLC, the solvent was removed by
concentration under reduced pressure, and a crude product was
obtained. The crude product was purified by high performance
liquid chromatography to obtain a product preparation liquid,
and the preparation liquid was lyophilized to obtain the solid
compound 14A (52 mg); LC-MS: [M+H]* = 1133.4.

Example 25
Synthesis of compound 14B:
_.COOH
NH
- 0 &) i
@ 1o o Ns i e i)
/‘ . .\J .ﬂq SRt -~ 'E . o H ar .
i —_— P
%() a = k:
2, 2
o
. ‘i; T F

compound14B .y--l--(m

Referring to the synthetic route of Example 24, compound 14B
(48 mg) was obtained; LC-MS: [M+H]* = 1133.4.
Example 26
Synthesis of compounds 15A and 15B:
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Step 1: Compound 15a

In a 250 mL single-necked flask, M1 (10 g, 27.1 mmol), benzyl
2-hydroxy-butyrate (prepared by the method published iIn the
literature Chemical Communications, 2019, 55(53), 7699-7702)
(10.5 g, 54.3 mmol), zinc acetate (9.96 g, 54.3 mmol) and 100
mL of toluene were added, heated to 100°C and reacted for 4 h.
After the reaction was completed, the temperature was reduced
to room temperature, Tfiltration was performed to remove
insoluble material, and the filtrate was concentrated to obtain
a crude product. The crude product was purified by silica gel
column chromatography (PE:EA=10:1-5:1-2:1) to obtain 5.67 g of
the target material at 42% yield; LC-MS: [M+H]* = 503.5.

Step 2: Compound 15b

Add 15a (5 g, 9.95 mmol) and 15 mL of DMF in a 50 mL single-
necked flask, and after dissolution, add DBU (1.68 g, 11 mmol)
in an ice-water bath and react for 1 h. The reaction solution
was recorded as reaction solution (1).

In another 50 mL single-necked flask, M4 (4.1 g, 10.0 mmol),
PyBOP (5.75 g, 11 mmol), HOBt (1.49 g, 11 mmol) and 10 mL DMF
were added, and after dissolution, DIPEA (1.82 mL, 11 mmol) was
added 1n an ice-water bath, and a reaction was continued for 40
min, then reaction solution (1) was added, and the temperature

was raised to room temperature to react for 2 h. The reaction
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progress was monitored by HPLC. After completion of the reaction,
the reaction solution was purified by high performance liquid
chromatography to obtain a preparation liquid. The preparation
liquid was extracted with dichloromethane, washed with
saturated sodium chloride solution, dried with anhydrous sodium
sulfate, filtered, and concentrated to obtain 4.6 g of solid,
at a yield of 68%; LC-MS: [M+H]* = 676.7.
Step 3: Compound 15d

Add 15b (2.0 g, 2.96 mmol) in a 25 mL single-necked flask,
dissolve in 15 mL of DMF, then add 2.0 g of 5% Pd/C, and perform
a hydrogenation reaction for 2 h. After the completion of the
reaction, Tiltration was carried out, and the filtrate was
placed in a bath of ice-water, and DIPEA (496 uL, 3.0 mmol) was
added, followed by M3 (1.7 g, 2.96 mmol), and then the
temperature was raised to room temperature to react for 1 h.
When the reaction was complete as detected by HPLC, the reaction
solution was purified by high performance liquid chromatography
to obtain a preparation liquid, which was lyophilized to give
1120.0 mg of a product at 45% yield; LC-MS: [M-H]- = 830.3.
Step 4: Compound 15e

Add 15d (500 mg, 0.60 mmol), M5 (321 mg, 0.60 mmol), PyBOP
(469 mg, 0.90 mmol), HOBt (121 mg, 0.90 mmol) and 15 mL of DMF
into a 50 mL single-necked flask, add DIPEA (446 uL, 2.7 mmol)
In an i1ce-water bath, raise to room temperature and react for
2 h. After the completion of the reaction as detected by HPLC,
the reaction solution was purified by HPLC to obtain the
preparation liquids of compound 15e-1 and compound 15e-2, and
the preparation liquids were lyophilized to obtain 138 mg of
compound 15e-1, LC-MS: [M+H]* = 1249.5, and 140 mg of compound
15e-2, LC-MS: [M+H]* = 1249.5, respectively.
Step 5: Compound 15A

CHs

o Ph
aty Hoq Hog
q\s)kN/YNQLN/SEWN\/U\NAO/S(\(o
o i H o5 H g H HN

)

o] Ph CHs
4 Q v 9 B o
N@J\N/\[rN\)st N\)J\N/\Os
o H H o) H o) H HN
ZNnBry, CHNO, ~NH
__ZnBry CHNO;
O,

“NBoc

COO'Bu kCOOH

15e-1 (e} 156A (e}
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Add 15e-1 (100 mg, 0.08 mmol), zinc bromide (360 mg, 1.6
mmol) and 5 mL of nitromethane into a 25 mL single-necked flask
and react at 40°C for 1 h. After the completion of the reaction
as detected by HPLC, the solvent was removed by concentration
under reduced pressure, and a crude product was obtained. The
crude product was purified by high performance liquid
chromatography to obtain a product preparation liquid, and the
preparation liquid was lyophilized to obtain 59 mg of a solid;
LC-MS: [M+H]* = 1093.4.

Step 6: Compound 15B

o} Ph _CHs
=S PUBREE B
N OR

“NBoc

_CHs

y o Lo PhHﬂ :

o
q%u/WNJj\HS N H/\O/R:’\T
o o o

ZnBr,, CH3NO, SNH

COO'Bu COOH

15e-2 158

Add 15e-2 (100 mg, 0.08 mmol), zinc bromide (360 mg, 1.6
mmol) and 5 mL of nitromethane into a 25 mL single-necked flask
and react at 40°C for 1 h. After the completion of the reaction
as detected by HPLC, the solvent was removed by concentration
under reduced pressure, and a crude product was obtained. The
crude product was purified by high performance liquid
chromatography to obtain a product preparation liquid, and the
preparation liquid was lyophilized to obtain 60 mg of solid;
LC-MS: [M+H]* = 1093.4.

Example 27
Synthesis of compounds 16A and 16B:
S LoH
g J’O I8} = 0 ]"'H N e} [
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Ml >
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Referring to the synthetic route of Example 26, compound 16A
(55 mg) was obtained; LC-MS: [M+H]* = 1093.4.
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Referring to the synthetic route of Example 26, compound 16B
(54 mg) was obtained; LC-MS: [M+H]* = 1093.4.
Example 28
Synthesis of compounds 17A and 17B:
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Step 1: Compound 17a

Add M1 (10 g, 27.1 mmol), benzyl 2-hydroxy-phenylpropionate
(synthesized by the method published in the literature Nature
Communications, 2020. 11(1), 56.) (14.7 g, 54.3 mmol), zinc
acetate (9.96 g, 54.3 mmol) and 100 mL of toluene into a 250 mL
single-necked flask, heat to 100°C and react for 4 h. After
the reaction was completed, the temperature was lowered to room
temperature, TfTiltration was performed to remove insoluble
material, and the filtrate was concentrated to obtain a crude
product. The crude product was purified by silica gel column
chromatography (PE:EA=10:1-5:1-2:1) to obtain 6.13 g of the
target material at 40% yield; LC-MS: [M+H]* =565.6.
Step 2: Compound 17b
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In a 50 mL single-necked flask, add 17a (6 g, 8.86 mmol) and
15 mL of DMF, and after dissolution, add DBU (1.53 g, 10 mmol)
In an ice-water bath and react for 1 h, and record the reaction
solution as reaction solution (1).

In another 50 mL single-necked flask, add M4 (3.6 g, 8.86
mmol), PyBOP (5.23 g, 10 mmol), HOBt (1.36 g, 10 mmol) and 10
mL of DMF, and after dissolution, add DIPEA (1.65 mL, 10 mmol)
Iin an ice-water bath, and continue reacting for 30 min, then
add reaction solution (1), raise to room temperature and react
for 2 h. The reaction progress was monitored by HPLC. After
completion of the reaction, the reaction solution was purified
by high performance liquid chromatography to obtain a
preparation liquid. The preparation liquid was extracted with
dichloromethane, washed with saturated sodium chloride solution,
dried with anhydrous sodium sulfate, filtered, and concentrated
to obtain 5.0 g of solid at 77% yield; LC-MS: [M+H]* = 738.3.
Step 3: Compound 17d

Add 17b (3.0 g, 4.07 mmol) 1n a 25 mL single-necked flask,
and after dissolution with 15 mL of DMF, add 3.0 g of 5% Pd/C,
and perform a hydrogenation reaction for 2 h. When the reaction
was completed, Filtration was performed, the filtrate was placed
in an ice-water bath, and DIPEA (744 uL, 4.5 mmol) was added,
followed by M3 (2.34 g, 4.07 mmol), and then the temperature
was raised to room temperature to react for 1 h. When the
reaction was complete as detected by HPLC, the reaction solution
was purified by HPLC to obtain a preparation liquid, which was
lyophilized to give 1.2 g of a product at 33% yield; LC-MS: [M-
H]- = 892.4.

Step 4: Compound 17e

17d (500 mg, 0.56 mmol), M5 (300 mg, 0.56 mmol), PyBOP (438
mg, 0.84 mmol), HOBt (113 mg, 0.84 mmol) and 15 mL of DMF were
added to a 50 mL single-necked flask, DIPEA (330 uL, 2.0 mmol)
was added In an i1ce-water bath, and the temperature was raised
to room temperature to react for 2 h. After the reaction was
complete as detected by HPLC, the reaction solution was purified
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by HPLC to obtain the preparation liquids of compound 17e-1 and
compound 17e-2, and the preparation liquids were lyophilized to
obtain 156 mg of compound 17e-1, LC-MS: [M+H]* =1311.4, and 150
mg of compound 17e-2, LC-MS: [M+H]* =1311.7, respectively.
Step 5: Compound 17A

Ph

OO o Ph o
4 H H o
Chod ~H LA
0 :\HH ) o HN

ZnBr,, CHaNO, N

COOH N

17e-1 17A o

17e-1 (100 mg, 0.08 mmol), zinc bromide (360 mg, 1.6 mmol)
and 5 mL of nitromethane were added to a 25 mL single-necked
flask and a reaction was carried out at 40°C for 1 h. After
the reaction was complete as detected by HPLC, the solvent was
removed by concentration under reduced pressure, and a crude
product was obtained. The crude product was purified by high
performance liquid chromatography to obtain a product
preparation liquid, and the preparation liquid was lyophilized
to obtain 43 mg of solid; LC-MS: [M+H]* = 1155.4.
Step 6: Compound 17B

“NBoc ZnBry, CHyNO,
LPr, e

COOBu

kc00H N

17e-2 17B

17e-2 (100 mg, 0.08 mmol), zinc bromide (360 mg, 1.6 mmol)
and 5 mL of nitromethane were added to a 25 mL single-necked
flask and a reaction was carried out at 40°C for 1 h. After
the reaction was complete as detected by HPLC, the solvent was
removed by concentration under reduced pressure, and a crude
product was obtained. The crude product was purified by high
performance liquid chromatography to obtain a product
preparation liquid, and the preparation liquid was lyophilized
to obtain 40 mg of solid; LC-MS: [M+H]* = 1155.4.

Example 29

Synthesis of compounds 18A and 18B:
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Referring to the synthetic route of Example 28, compound 18A
(54 mg) was obtained; LC-MS: [M+H]+ = 1155.4.
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Referring to the synthetic route of Example 28, compound 18B
(55 mg) was obtained; LC-MS: [M+H]* = 1155.4.
Example 30
Synthesis of compounds 19A and 19B:
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Step 1: Compound 19a

Add M1 (10 g, 27.1 mmol), benzyl 2-cyclopropyl-2-
hydroxyacetate (prepared according to the method published in
patent W02020244657A1) (11.2 g, 54.3 mmol), zinc acetate (9.96
g, 54.3 mmol) and 100 mL of toluene in a 250 mL single-necked
flask, heat to 100°C and react for 4 h. When the reaction was
completed, the temperature was reduced to room temperature,
filtering was performed to remove insoluble material, and the

filtrate was concentrated to obtain a crude product. The crude
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product was purified by silica gel column chromatography
(PE:EA=10:1-5:1-2:1) to obtain 4.97 g of the target material at
36% yield; LC-MS: [M+H]* = 515.2.

Step 2: Compound 19b

Add 19a (4 g, 7-8 mmol) and 10 mL of DMF in a 50 mL single-
necked flask, and after dissolution, add DBU (1.42 g, 9.3 mmol)
Iin an ice-water bath and react for 1 h. The reaction solution
was recorded as reaction solution (1).

In another 50 mL single-necked flask, M4 (3.2 g, 7.8 mmol),
PyBOP (4.5 g, 8.6 mmol), HOBt (1.16 g, 8.6 mmol) and 10 mL of
DMF were added, and after dissolution, DIPEA (1.65 mL, 10 mmol)
was added i1n an ice-water bath, and the reaction was continued
for 30 min, then reaction solution (1) was added, and the
temperature was raised to room temperature to react for 2 h.
The reaction process was monitored by HPLC, and after completion
of the reaction, the reaction solution was purified by high
performance Qliquid chromatography to obtain a preparation
liquid. The preparation liqguid was extracted with
dichloromethane, washed with saturated sodium chloride solution,
dried with anhydrous sodium sulfate, filtered, and concentrated
to obtain 4.2 g of solid, with a yield of 78%; LC-MS: [M+H]* =
688.3.

Step 3: Compound 19d

In a 25 mL single-necked flask, 19b (1000 mg, 1.45 mmol) was
added, and after dissolution with 15 mL of DMF, 1000 mg of 5%
Pd/C was added, and a hydrogenation reaction was performed for
2 h. When the reaction was completed, filtering was performed,
the filtrate was placed in an ice-water bath, and DIPEA (248
uL, 1.5 mmol) was added, followed by M3 (720 mg, 1.45 mmol),
and then the temperature was raised to room temperature to react
for 1 h. When the reaction was complete as detected by HPLC,
the reaction solution was purified by HPLC to obtain a
preparation liquid, and the preparation liquid was lyophilized
to obtain 503 mg of product at 41% yield; LC-MS: [M-H]- = 842_3.
Step 4: Compounds 19e-1 and 19e-2
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19d (500 mg, 0.59 mmol), M5 (317 mg, 0.59 mmol), PyBOP (339
mg, 0.65 mmol), HOBt (88 mg, 0.86 mmol) and 10 mL of DMF were
added to a 50 mL single-necked flask, and DIPEA (292 uL, 1.77
mmol) was added in an ice-water bath, and the temperature was
raised to room temperature to react for 2 h. After the reaction
was complete as detected by HPLC, the reaction solution was
purified by HPLC to obtain the preparation liquids of compound
19e-1 and compound 19e-2, and the preparation liquids were
lyophilized to obtain 112 mg of compound 19e-1, LC-MS: [M+H]* =
1261.5, and 131 mg of compound 19e-2, LC-MS: [M+H]* = 1261.5,
respectively.

Step 5: Compound 19A
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o Mo F o H L) H o

HN

“NBoc

COOBu

19e-1

19e-1 (100 mg, 0.079 mmol), zinc bromide (357 mg, 1.59 mmol)

and 5 mL of nitromethane were added to a 25 mL single-necked

19A

flask and a reaction was carried out at 40°C for 1 h. After the
completion of the reaction as detected by HPLC, the solvent was
removed by concentration under reduced pressure, to obtain a
crude product. The crude product was purified by high
performance liquid chromatography to obtain a product
preparation liquid, and the preparation liquid was lyophilized
to obtain 55 mg of solid; LC-MS: [M+H]* = 1105.4.

Step 6: Compound 19B

° o PR V o o Ph g \Y4
7 H H H 7 H H H
q\ANWN\AN%N\ANAo/YO qﬁ)LN/ﬁfN\)J\N/S@(N\)LN/\O/RYO
o M o H o H HN roional Ho S H i
NBoc ZnBry, CH3NO2 SNH
0 N Q

COOBu

19e-2

19e-2 (100 mg, 0.079 mmol), zinc bromide (357 mg, 1.59 mmol)
and 5 mL of nitromethane were added to a 25 mL single-necked

19B

flask and a reaction was carried out at 40°C for 1 h. After
the reaction was completed as detected by HPLC, the solvent was

removed by concentration under reduced pressure, and a crude
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product was obtained. The crude product was purified by high
performance liquid chromatography to obtain a product
preparation liquid, and the preparation liquid was lyophilized
to obtain 58 mg of a solid; LC-MS: [M+H]* = 1105.4.

Example 31
Synthesis of compounds 20A and 20B:

h
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COOBu COOBu

Step 1: Compound 20a

Add M1 (10 g, 27.1 mmol), benzyl 2-hydroxy-
cyclopropylpropionate (synthesized by the method published in
patent W02020063676A) (12.0 g, 54.3 mmol), zinc acetate (9.96
g, 54.3 mmol) and 100 mL of toluene in a 250 mL single-necked
flask, heat to 100°C and react for 4 h. When the reaction is
completed, reduce to room temperature. Filter to remove
insoluble material, and the filtrate i1s concentrated to obtain
a crude product. The crude product was purified by silica gel
column chromatography (PE:EA=10:1-5:1-2:1) to obtain 5.09 g of
the target material; LC-MS: [M+H]* = 529.2.
Step 2: Compound 20b

20a (4 g, 7.6 mmol) and 10 mL of DMF were added to a 50 mL
single-necked flask, and after dissolution, DBU (1.39 g, 9.1
mmol) was added in an ice-water bath and a reaction was carried
out for 1 h, and the reaction solution was recorded as reaction
solution (1).

In another 50 mL single-necked flask, M4 (3.12 g, 7.6 mmol),
PyBOP (4.5 g, 8.6 mmol), HOBt (1.16 g, 8.6 mmol) and 10 mL of
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DMF were added, and after dissolution, DIPEA (1.65 mL, 10 mmol)
was added in an ice-water bath and a reaction was continued for
30 min, and then the reaction solution (1) was added, and the
temperature was raised to room temperature to react for 2 h.
HPLC was performed to monitor the reaction progress, and when
the reaction was complete, the reaction solution was purified
by high performance Qliquid chromatography to obtain a
preparation liquid. The preparation liquid was extracted with
dichloromethane, washed with saturated sodium chloride solution,
dried with anhydrous sodium sulfate, filtered, and concentrated
to obtain 4.5 g of solid, with a yield of 84%; LC-MS: [M+H]* =
702.3.
Step 3: Compound 20d

Add 20b (1000 mg, 1.42 mmol) in a 25 mL single-necked flask,
and after dissolution with 15 mL of DMF, add 1000 mg of 5% Pd/C,
and perform a hydrogenation reaction for 2 h. After the
reaction was completed, filtration was performed, the filtrate
was placed i1in an ice-water bath, and then DIPEA (248 uL, 1.5
mmol) was added, followed by M5 (708 mg, 1.42 mmol), and the
temperature was raised to room temperature to react for 1 h.
When the reaction was complete as detected by HPLC, the reaction
solution was purified by HPLC to obtain a preparation liquid,
which was lyophilized to obtain 443 mg of product at 36% yield;
LC-MS: [M-H]- = 856.4.
Step 4: Compounds 20e-1 and 20e-2

20d (400 mg, 0.47 mmol), exatecan mesylate (250 mg, 0.47
mmol), PyBOP (223 mg, 0.56 mmol), HOBt (83 mg, 0.56 mmol) and
10 mL of DMF were added to a 50 mL single-necked flask, DIPEA
(248 uL, 1.5 mmol) was added in an ice-water bath, and the
temperature was raised to room temperature to react for 2 h.
After the reaction was complete as detected by HPLC, the
reaction solution was purified by HPLC to obtain the preparation
liquids of compound 20e-1 and compound 20e-2, which were
lyophilized to obtain 103 mg of compound 20e-1, LC-MS: [M+H]* =
1275.5, and 103 mg of compound 20e-2, LC-MS: [M+H]* = 1275.5,
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Step 5: Compound 20A

o] Ph O Ph
o 9 H 9 Y o b 9 H
g@LWML(M”AO/@ g i LR
o 0 "o HN ZnB o L © "o
Neos 20, CHaNO, O
o)

COOBu

20e-1

In a 25 mL single-necked flask, 8A (100 mg, 0.078 mmol),

zinc bromide (352 mg, 1.57 mmol) and 5 mL of nitromethane were

20A

added, and a reaction was carried out at 40°C for 1 h. After
the completion of the reaction as detected by HPLC, the solvent
was removed by concentration under reduced pressure and a crude
product was obtained. The crude product was purified by high
performance liquid chromatography to obtain a product
preparation liquid, and the preparation liquid was lyophilized
to obtain 51 mg of solid; LC-MS: [M+H]* = 1119.4.

Step 6: Compound 20B

° 5 ° Pho g 7/A ° 4 o PR /A
4 SIS S & 1 AL AT oo
N N A N N P
Pl ey e
~

ZnBr,, CHsNO, © NH

“NBoc

COOBu

20e-2

20e-2 (100 mg, 0.079 mmol), zinc bromide (357 mg, 1.59 mmol)

and 5 mL of nitromethane were added to a 25 mL single-necked

20B

flask and a reaction was carried out at 40°C for 1 h. After the
reaction was complete as detected by HPLC, the solvent was
removed by concentration under reduced pressure, and a crude
product was obtained. The crude product was purified by high
performance liquid chromatography to obtain a product
preparation liquid, and the preparation liquid was lyophilized
to obtain 47 mg of a solid; LC-MS: [M+H]* = 1119.4.
Example 32
Synthesis of compound 21:
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Step 1: Compound SM3-1

Add 77087-60-6 (100 g, 458 mmol), maleic acid (53.4 g, 460
mmol), TEA (64 mL, 460 mmol) and 1000 mL toluene in a 2000 mL
single-necked flask and heat to 100°C to react for 5 h. After
the reaction was completed, the temperature was lowered to room
temperature, and then

filtering was performed to remove

insoluble material, and the filtrate was concentrated to obtain
a crude product. The crude product was purified by silica gel
column chromatography (PE:EA=100:1-50:1-20:1) to obtain 75.6 g
of the target material; LC-MS: [M+H]* = 299.1.
Step 2: Compound (R)-tert-butyl 2-hydroxy-1,5-glutarate
Add 172793-31-6 (100 g, 338 mmol) and 1000 mL water
2000 mL single-necked flask,
nitrite (35 g, 507 mmol) and concentrated sulfuric acid (32 mL,
35 mmol),

to react for 24 h.

in a

then sequentially add sodium

and slowly raise the temperature to room temperature
After the reaction was completed, extraction
was performed with 500 mL of ethyl acetate three times, and the
organic phase was dried with anhydrous sodium sulfate, filtered,
and concentrated under reduced pressure to remove the solvent,
and a crude product was obtained. The crude product was
purified by silica gel column chromatography (PE:EA=50:1-30:1-

2:1) to obtain 91.2 g of the target material; LC-MS: [M+H]* =
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261.4.
Step 3: Compound SM3

Add (R)-tert-butyl 2-hydroxy-1,5-glutarate (50 g, 192 mmol)
and 1000 mL of anhydrous tetrahydrofuran into a 2000 mL single-
necked flask, cool down the temperature to 0°C in an ice-water
bath, then add PPhs (87.7 g, 288 mmol), DEAD (50.2 g, 288 mmol)
and SM3-1 (57.3, 192 mmol) in sequence. The temperature was
slowly raised to room temperature to react for 13 h. After
completion of the reaction, the insoluble material was removed
by filtration and the filtrate was concentrated to obtain a
crude product. The crude product was purified by silica gel
column chromatography (PE:EA=50:1-30:1-1:1) to obtain 68.6 g of
product.

The above product was dissolved 1n 500 mL of methanol, cooled
to 0°C 1n an ice-water bath, NaOH (64 mL, 190 mmol, 3M/L) was
added dropwise at this temperature, and a reaction was performed
for 12 h while maintaining this temperature. Next, the pH was
adjusted to 3 by the addition of HCl (6 M/L), extraction was
performed five times with 500 mL of dichloromethane, drying was
performed with anhydrous sodium sulfate, followed by filtering,
the filtrate was concentrated under reduced pressure, and the
crude product obtained was purified by column chromatography
(DCM/MeOH=50/1-20/1-2/1), to obtain 50.4 g of SM3; LC-MS: [M-
H]- = 525.5.

Step 4: Compound M6

In a 2000 mL single-necked flask, compound SM3 (60 g, 95
mmol, 1.0 eq), pentafluorophenol (19.2 g, 104.5 mmol, 1.1 eq),
DCC (21.5 g, 104.5 mmol, 1.1 eq) and THF (600 mL) were added,
and a reaction was carried out at room temperature for 1 h
(monitored by TLC), and insoluble material was filtered off.
The reaction solution was purified directly by preparative LC,
and the preparation liquid was concentrated at 35°C In a water
bath under reduced pressure by water pump to remove acetonitrile,
and lyophilized to obtain compound M6 (51.9 g) at 79% yield;
LC-MS: [M+H]* = 693.3.
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Step 5: Compound 2la

In a 25 mL single-necked flask, 1c (1 g, 2.36 mmol) was
added, and after dissolution with 25 mL DMF, DIPEA (430 uL, 2.6
mmol) was added, then M6 (1177 mg, 2.36 mmol) was added, and
then the temperature was raised to room temperature to react
for 1 h. The completion of the reaction was detected by HPLC,
and the reaction solution was purified by high performance
liquid chromatography to obtain a preparation liquid, which was
lyophilized to yield 555 mg of product; LC-MS: [M-H]- = 931.0.
Step 6: Compound 21b

In a 100 mL single-necked flask, 2la (6500 mg, 0.54 mmol),
exatecan mesylate M5 (285 mg, 0.54 mmol), PyBOP (239 mg, 0.6
mmol), HOBt (239 mg, 0.6 mmol) and 10 mL of DMF were added,
DIPEA (248 uL, 1.5 mmol) was added in an ice-water bath, and
the temperature was raised to room temperature to react for 2
h. After the completion of the reaction as detected by HPLC,
the reaction solution was purified by HPLC to obtain the
preparation liquid of compound 21b, which was lyophilized to
give 231 mg of the compound; LC-MS: [M+H]* = 1349.5.
Step 7: Compound 21

Compound 21b (200 mg, 0.1488 mmol), zinc bromide (665 mg,
2.96 mmol) and 10 mL of nitromethane were added to a 25 mL
single-necked flask and a reaction was carried out at 40°C for
1 h. After the reaction was complete as detected by HPLC, the
solvent was removed by concentration under reduced pressure,
and a crude product was obtained. The crude product was purified
by high performance liquid chromatography to obtain the product
preparation liquid, and the preparation liquid was lyophilized
to obtain 103 mg of solid; LC-MS: [M+H]* = 1137.5.

Example 33

Synthesis of compound 22:
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Using compounds M6 and 3c as starting materials and referring
to the synthetic route of Example 32, compound 22 (91 mg) was

obtained; LC-MS: [M+H]* = 1165.5.
Example 34

5 Synthesis of compounds 23 and 24:
O Ph o Ph
4 o H ¢ /(\WH e (;( o e by 9 :
ng L N N~ o P KL PN o
HOMOH o} N f

23

24 [e]

Using compounds M6 and 5c as starting materials and
referring to the synthetic route of Example 32, 102 mg of
compound 23 was obtained, LC-MS: [M+H]* = 1151.4; 99 mg of

10 compound 24 was obtained, LC-MS: [M+H]* = 1151.4.
Example 35
Synthesis of compounds 25 and 26:

F
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Using compounds M6 and 7c as starting materials and
15 referring to the synthetic route of Example 32, 83 mg of
compound 25 was obtained, LC-MS: [M+H]* 1205.7; 80 mg of

compound 26 was obtained, LC-MS: [M+H]* 1205.7.
Example 36

Synthesis of compounds 27 and 28:
o] o Ph o OO | ° th ° ?
%**m“u%“%%zf g I A e

N
~
POy

[e] o

NH

“IOH
27 4 28

20
Using compounds M6 and 19c as starting materials and

referring to the synthetic route of Example 32, 100 mg of
compound 27 was obtained, LC-MS: [M+H]* = 1177.5; 101 mg of
compound 28 was obtained, LC-MS: [M+H]* 1177.5.

25 Example 37
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Synthesis of compound 29:

SN
HO { 2 OH
o a

maleic acid 0 0
o 7f/ & o ' ) (?"'{ o
Tea N Py e Ay &r N ,JLO/ K;CO4
HCI*H N, g - L &) o} . B i
o
\‘NH NH l DIPEA \NBOC .
. o [P R
A e O/ O/\ e MY
o7 o M 0.5mMa-2 ‘&
114559-25-0 o ) \\, Qy
§’§ ~a X\“”D}T‘--//\ N oM ]
. | q. Pentalluorophenol | | h i, [
\ofA\'«"OT_/\N’/\w‘ N v/—" : fy BQ%//K\ ] DIPEA. DMF
; i ) i DCC 0 , Lt
Bac COOHR
F. .\//;“\/ F
5M4 M7
g,
T
0 Ph
e O L y o F
{N /LN,AW N.__ A N, /’L‘N'/\o/\ [T,OH M5
O H o H J} H G PyBOP. HOBL DIPEA, DMF
\NBoc
) ol 29a
o1
f,-"
o Ph ~Pn
f'ﬁ ﬁ A E I i /‘OL 4] % 1 P N /O\ s
'\{ N N “( N.._ N \ﬂ” N ﬁ/\ /\{, \« N S/L\N'/\ﬁ‘ N /\H - H o
if : o
o - " o AN o] "o o ANw
MBoc l ] ZnBr. NH .
P it H -
SO o - N/ i \lf Sy \/D\/‘\\O/ O\\»}»'N/ T i
5 i 5 "‘L\‘N')\\//\F i / f\ fQN/\_‘,//\ ?
- i - ;
g Of \ 4
It 1 on
290 29 O

Step 1: Compound SM4-1

In a 5000 mL single-necked flask, maleic acid (50 g, 431
mmol, 1.0 eq), 114559-25-0 (110 g, 431 mmol, 1 eq), TEA (263 g,
2.16 mol, 5 eq) and toluene (2000 mL) were added, heating was
performed to react under reflux for 5 h (monitored by TLC), and
insoluble material was filtered off. The reaction solution was
directly subjected to rotary distillation under reduced
pressure to remove solvent, and the residue was subjected to
silica gel column chromatography (PE/EA=50/1-20/1-1/1) to
obtain SM4-1 (64.7 g) at 50% yield; LC-MS: [M+H]* = 299.2.
Step 2: Compound SM4-2

SM4-1 (64 g, 215 mmol) was added into a 2000 mL single-
necked flask, and after dissolution with 1000 mL of DMF, DIPEA
(71 mL, 430 mmol) was added, and then nonaethylene glycol
monomethyl ether methanesulfonate (111.5 g, 220 mmol) was added,
and then the temperature was raised to room temperature to react
for 2 h. The completion of the reaction was detected by HPLC,
and the reaction solution was purified by silica gel column
chromatography (PE/EA=50/1-20/1-1/1) to obtain 59.9 g of
product; LC-MS: [M+H]* = 709.4.

Step 3: Compound SM4
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SM4-2 (59 g, 83 mmol) was added into a 2000 mL single-necked
flask, and after dissolution with 1000 mL MeOH, K-COsz (11.75 g,
85 mmol) was added, and then a reaction was carried out at room
temperature for 4 h. When the reaction was complete as detected
by HPLC, insoluble materials were removed by filtration, and
the reaction solution was purified directly by preparative LC,
and the preparation liquid was concentrated at 35°C In a water
bath under reduced pressure by water pump to remove acetonitrile,
and then lyophilized to obtain compound SM4 (27 g); LC-MS: [M-
H]- = 693.5.

Step 4: Compound M7

In a 500 mL single-necked flask, compound SM4 (25 g, 36 mmol,
1.0 eq), pentafluorophenol (7.3 g, 40 mmol, 1.1 eq), DCC (8.2
g, 40 mmol, 1.1 eq) and THF (200 mL) were added, a reaction was
carried out at room temperature for 1 h (monitored by TLC), and
insoluble material was filtered off. The reaction solution was
purified directly by preparative LC, and the preparation liquid
was concentrated at 35°C In a water bath under reduced pressure
by water pump to remove acetonitrile, and lyophilized to obtain
compound M7 (23.3 g) at 93% yield; LC-MS: [M+H]+ = 695.8.

Step 5: Compound 29a

In a 25 mL single-necked flask, 1c (1 g, 2.36 mmol) was
added, and after dissolution with 25 mL DMF, DIPEA (430 uL, 2.6
mmol) was added, then M7 (1640 mg, 2.36 mmol) was added, and
then the temperature was raised to room temperature to react
for 1 h. The completion of the reaction was detected by HPLC,
and the reaction solution was purified by high performance
liquid chromatography to obtain a preparation liquid, which was
lyophilized to obtain 609 mg of product; LC-MS: [M-H]- = 1098.5.
Step 6: Compound 29b

29a (6500 mg, 0.45 mmol), exatecan mesylate M5 (240 mg, 0.45
mmol), PyBOP (215 mg, 0.54 mmol), HOBt (215 mg, 0.54 mmol) and
10 mL of DMF were added to a 100 mL single-necked flask, DIPEA
(248 uL, 1.5 mmol) was added in an ice-water bath, and the

temperature was raised to room temperature to react for 2 h.
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After the completion of the reaction as detected by HPLC, the
reaction solution was purified by HPLC to obtain the preparation
liquid of compound 29b, and the preparation liquid was
lyophilized to obtain 187 mg of the compound; LC-MS: [M+H]* =
1517 .6.
Step 7: Compound 29

Compound 29b (150 mg, 0.988 mmol), zinc bromide (223 mg,
0.988 mmol) and 10 mL of nitromethane were added to a 25 mL
single-necked flask and a reaction was carried out at 40°C for
1 h. After the reaction was complete as detected by HPLC, the
solvent was removed by concentration under reduced pressure,
and a crude product was obtained. The crude product was purified

by high performance liquid chromatography to obtain the product

preparation liquid, and the preparation liquid was lyophilized
to obtain 114 mg of solid; LC-MS: [M+H]* = 1517.9.
Example 38

Synthesis of compound 30:

Using compounds M7 and 3c as starting materials and referring
to the synthetic route of Example 37, compound 30 (125 mg) was
obtained; LC-MS: [M+H]* = 1445.6.

Example 39
Synthesis of compounds 31 and 32:

Using compounds M7 and 5c as starting materials and
referring to the synthetic route of Example 37, 61 mg of
compound 31 was obtained, LC-MS: [M+H]* = 1431.7; 63 mg of
compound 32 was obtained, LC-MS: [M+H]* = 1431.7.

Example 40
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Synthesis of compounds 33 and 34:

Using compounds M7 and 7c as starting materials,
referring to the synthetic route of Example 37, 60 mg of
5 compound 33 was obtained, LC-MS: [M+H]* = 1485.6; 58 mg of
compound 34 was obtained, LC-MS: [M+H]* = 1485.6.
Example 41
Synthesis of compounds 35 and 36:

10 Using compounds M7 and 19c as starting materials and
referring to the synthetic route of Example 37, 102 mg of
compound 35 was obtained, LC-MS: [M+H]* = 1457.8; 102 mg of
compound 36 was obtained, LC-MS: [M+H]* = 1457.8.

Example 42
15  Synthesis of compound 37:
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Step 1: Compound SM5-1
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In a 2000 mL single-necked flask, compound 16947-84-5 (100
g, 295 mmol, 1.0 eq), DIPEA (50 mL, 300 mmol), benzyl bromide
(51.3 g, 300 mmol) and THF (1000 mL) were added, and reacted at
room temperature for 12 h (monitored by TLC), and the insoluble
material was fTiltered off. The solvent was directly removed
from the reaction solution by rotary distillation under reduced
pressure, and the residue was subjected to silica gel column
chromatography (PE/EA=50/1-20/1-2/1) to obtain SM5-1 (110.1 g)
at 87% yield; LC-MS: [M+H]* = 429.2.

Step 2: Compound SM5-2

In a 2000 mL single-necked flask, compound SM5-1 (100 g,
233.4 mmol, 1.0eq) and THF (1000 mL) were added, cooled to 0°C
in an ice-water bath, NaH (37.4 g, 933.5 mmol) and Mel (132.5
g, 933.5 mmol) were added in batches, and a reaction was
maintained at 0°C for 24 h (monitored by TLC). The reaction was
quenched by adding 500 mL of saturated NHsCl aqueous solution,
extraction was performed three times with 500 mL of ethyl
acetate, followed by drying of the organic phase with anhydrous
sodium sulfate, and filtering. The solvent was directly removed
from the Tiltrate by rotary distillation under reduced pressure,
and the residue was subjected to silica gel column
chromatography (PE/EA=100/1-50/1-10/1) to obtain SM5-2 (37.1 g);
LC-MS: [M+H]* = 443.3.

Step 3: Compound SM5 (cf. Org. Lett., 2006, 8, 3387-3390.)

In a 1000 mL single-necked flask, compound SM5-2 (35 g, 79
mmol, 1.0eq) and DCE (500 mL) were added, palladium diacetate
(180 mg, 0.8 mmol), I> (20 g, 79 mmol) and 1odobenzene diacetate
(40.8 g, 126.4 mmol) were added sequentially, and the
temperature was raised to 60°C to react for 40 h (monitored by
TLC). The reaction was quenched by adding 500 mL of saturated
aqueous sodium thiosulfate solution, extraction was performed
three times with 500 mL of dichloromethane, followed by drying
of the organic phase with anhydrous sodium sulfate, and
filtering. The solvent was directly removed from the filtrate

by rotary distillation under reduced pressure, and the residue
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was subjected to silica gel column chromatography (PE/EA=100/1-
50/1-10/1) to obtain SM5 (28 g); LC-MS: [M+H]* = 501.3.
Step 4: Compound SM6

In a 500 mL single-necked flask, compound SM5 (25 g, 50 mmol,
1.0 eq), di-tert-butyl potassium phosphate (13.66 g, 55 mmol,
1.1 eq), p-toluenesulfonic acid monohydrate (951 mg, 5 mmol,
0.1 eq) and THF (200 mL) were added, and the reaction was
carried out at room temperature for 1 h (monitored by TLC), and
insoluble material was filtered off. The reaction solution was
purified directly by preparative LC, and the preparation liquid
was concentrated at 35°C In a water bath under reduced pressure
by water pump to remove acetonitrile, and lyophilized to obtain
compound SM6 (15.1 g) at 46% yield; LC-MS: [M+H]* = 651.4.
Step 5: Compound SM7

SM6 (15 g, 23 mmol) and 100 mL of DMF were added into a 250
mL single-necked flask, and after dissolving, 15 g of 5% Pd/C
was added in an ice-water bath, the atmosphere iIn the system
was replaced by hydrogen three times, and a reaction was carried
out at room temperature for 12 h. The Pd/C was removed by
filtration, and then the solvent was removed by rotary
distillation under reduced pressure with an oil pump, leaving
a crude product ready for use.

In another 250 mL single-necked flask, add the above crude
product and 100 mL of toluene, triethylamine (6.4 mL, 46 mmol)
and maleic anhydride (2.4 g, 24 mmol), and after dissolution,
raise to 100°C to react for 2 h. Use HPLC to monitor the progress
of the reaction, and when the reaction is completed, purify the
reaction solution by HPLC, to obtain a preparation liquid. The
preparation liquid was extracted with dichloromethane, washed
with saturated sodium chloride solution, dried with anhydrous
sodium sulfate, filtered, and concentrated to obtain 4.2 g of
a solid at 36% yield; LC-MS: [M+H]* = 507.3.

Step 6: Compound M8

In a 100 mL single-necked flask, compound SM7 (4 g, 7-9 mmol,

1.0 eq), pentafluorophenol (1.6 g, 8.7 mmol, 1.1 eq), DCC (1.8
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g, 8.7 mmol, 1.1 eq) and THF (60 mL) were added, and the reaction
was carried out at room temperature for 1 h (monitored by TLC),
and insoluble material was fTiltered off. The reaction solution
was purified directly by preparative LC, and the preparation
liquid was concentrated at 35°C In a water bath under reduced
pressure by water pump to remove acetonitrile, and lyophilized
to obtain compound M8 (3.7 g) at 70% yield; LC-MS: [M+H]* =
673.2.
Step 7: Compound 37a

In a 25 mL single-necked flask, 1c (1 g, 2.36 mmol) was
added, and after dissolution with 25 mL of DMF, DIPEA (430 uL,
2.6 mmol) was added, then M8 (1.2 g, 2.36 mmol) was added, and
then the temperature was raised to room temperature to react
for 1 h. The completion of the reaction was detected by HPLC,
and the reaction solution was purified by high performance
liquid chromatography to obtain a preparation liquid, which was
lyophilized to obtain 488 mg of product; LC-MS: [M-H]- = 911.0.
Step 8: Compound 37b

37a (400 mg, 0.44 mmol), exatecan mesylate M5 (235 mg, 0.44
mmol), PyBOP (199 mg, 0.5 mmol), HOBt (69 mg, 0.5 mmol) and 10
mL of DMF were added to a 100 mL single-necked flask, DIPEA
(218 uL, 1.32 mmol) was added in an ice-water bath, and the
temperature was raised to room temperature to react for 2 h.
After the reaction was complete as detected by HPLC, the
reaction solution was purified by HPLC to obtain the preparation
liquid of compound 37b, which was lyophilized to give 201 mg of
the compound; LC-MS: [M+H]* = 1329.6.
Step 9: Compound 37

Compound 37b (130 mg, 0.098 mmol), zinc bromide (221 mg,
0.98 mmol) and 10 mL of nitromethane were added to a 25 mL
single-necked flask and a reaction was carried out at 40°C for
1 h. After the reaction was complete as detected by HPLC, the
solvent was removed by concentration under reduced pressure,
and a crude product was obtained. The crude product was purified

by high performance liquid chromatography to obtain the product
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preparation liquid, and the preparation liquid was lyophilized
to obtain 96 mg of solid; LC-MS: [M+H]* = 1117.4.
Example 43

Synthesis of compound 38:

Using compounds M8 and 3c as starting materials and referring
to the synthetic route of Example 42, compound 38 (51 mg) was
obtained; LC-MS: [M+H]* = 1145.6.

Example 44
Synthesis of compounds 39 and 40:

Using compounds M8 and 5c as starting materials and
referring to the synthetic route of Example 42, 57 mg of
compound 39 was obtained, LC-MS: [M+H]* = 1131.4; 60 mg of
compound 40 was obtained, LC-MS: [M+H]* = 1131.4.

Example 45
Synthesis of compounds 41 and 42:

Using compounds M7 and 7c as starting materials, referring
to the synthetic route of Example 42, 44 mg of compound 41 was
obtained, LC-MS: [M+H]* 1185.3; 44 mg of compound 42 was
obtained, LC-MS: [M+H]* 1185.3.

Example 46

Synthesis of compounds 43 and 44:
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Using compounds M8 and 19c as starting materials and
referring to the synthetic route of Example 42, 62 mg of
compound 43 was obtained, LC-MS: [M+H]* 1157.4; 59 mg of
compound 44 was obtained, LC-MS: [M+H]* = 1157.4.

Example 47 (comparative example)

Synthesis of compound 45:

O B RIS s
N~ N N N0
o NN NS

45 o)
Compound 45 was synthesized by the method provided in Example
58 of patent ""CN104755494A™.

Example 48
Synthesis of compound 46:
5 = \‘ MeSO,HHN . o
\r/N" N Nr N \/J\N N\)\N/\OA[/OH $—*N\ _)C U\ K’I;
0 NB*;Q o Hoog H o . Of——f\\i_f"' NTTF PyBOP, HOBL. DIPEA, DMF
1d 5y
“coatu 1’/\ o
© Ms
o Ph o Ph
e o J o i Q J\ o
o i H 7ot Ho H
‘<\7,I‘*J\_,J..N/~\|/,.NN/ILN \T’N\V‘J‘\H/\O/\\féo \?/N\S’/\L\N/\I/N\/\ﬁ g WN\AHAO/\‘;O
5 H g oo HN.. 5L 1 o HN,
© “NBes 7 R e o So WO =
nBr;, CH4NO; -
“coosu Oﬁ,_,\/\% i T e ~eoon N ‘L\
) [ e / N
:"{\ N r /'\\ NTTOF
o 7 O 5/
] OH y j oH
46a o compound 46 o

Step 1: Compound 46a

1d (500 mg, 0.62 mmol), M9 (310 mg, 0.62 mmol), PyBOP (448
mg, 0.86 mmol), HOBt (116 mg, 0.86 mmol) and 15 mL of DMF were
added to a 50 mL single-necked flask, DIPEA (378 uL, 2.29 mmol)
was added in an ice-water bath, and the temperature was raised
to room temperature to react for 2 h. After the completion of
the reaction as detected by HPLC, the reaction solution was
purified by high performance liquid chromatography to obtain a

preparation liquid, which was lyophilized to give 46a (210 mg);
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LC-MS: [M+H]* = 1221.6.
Step 2: Compound 46

46a (200 mg, 0.162 mmol), zinc bromide (736 mg, 3.26 mmol)
and 10 mL of nitromethane were added to a 25 mL single-necked
flask and a reaction was carried out at 40°C for 1 h. After the
reaction was complete as detected by HPLC, the solvent was
removed by concentration under reduced pressure, and a crude
product was obtained. The crude product was purified by high
performance liquid chromatography to obtain the product
preparation liquid, and the preparation liquid was lyophilized
to obtain solid compound 46 (120 mg); LC-MS: [M+H]* = 1065.3.

Example 49
Synthesis of compound 47:
O .Ph

7 {/ o = © ‘ I (|) . 0

\ WK - N v’_[\ ""-/')L"N S o NES - O, e

& 1 Ho o Ho g " HNL,

MNH
.. LIOL)H O{)_.N-”-. i)_o- ..
f.- Yo et 2
N 4N ]
Q.o 8s
compound 47 G

Referring to the synthetic route of Example 48, compound 47
(81 mg) was obtained; LC-MS: [M+H]* = 1065.3.

Example 50
Synthesis of compound 48A:
MeSOHHN. o o o
~7 o
N SN S N
N o L \WN\/ N,\\[/N\/ . WOH
RN 8 A H H
G N NEoe O o o PYBOP, HOBt. DIPEA, DMF
S/ 5d
o
7 10H GOO'Bu
o Ms
o Ph
& 0
g7 0 v g f H 0 Ph
SN l‘N/“ N A ‘1’N\/L“N’\‘O‘J\("O 0 H f 14 JO; )
é H | H oo H HN.. QTN S A N 7R I N. .- NS
NBoc i 6 = H o} Hog H HN. o~
. ) o - l"/"\[“/\\w‘/ ZnBry, CHyNO; TNH R l
COOBuY NN [ —— | o o
L TN “cooH Sen T
TN Y LN
S P e
N
i j OH
48a (o]

comond aaa & b "
Step 1: Compound 48a

Add 5d (1.66g, 2.02mmol, 1.0eq), M9 (1.08g, 2.02mmol, 1.0eq),
PyBOP (1.58g, 3.03mmol, 1.5eq), HOBt (0.41g, 3.03mmol, 1.5eq)
and DMF (40mL) to a 100 mL single-necked flask. DIPEA (0.84mL,

1.5eq) was added in an ice-water bath, and the temperature was
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raised to room temperature to react for 2h (monitored by HPLC).
The reaction solution was directly purified by preparative LC,
and the preparation liquid was concentrated at 35°C in a water
bath under reduced pressure by water pump to remove acetonitrile,
and freeze-dried to obtain compound 48a (1.54g), with a yield
of 61%; LC-MS: [M+H]* = 1235.4.
Step 6: Compound 48A

Add compound 48a (1.0g, 0.8mmol, 1.0eq) and 35mL nitromethane
into a 100mL single-necked flask, and after dissolving, add
zinc bromide (3.64g, 16mmol, 20.0eq), react in an oil bath at
40°C (preheated to stabilize) for 30 min, and perform
concentration in a water bath at 45°C under reduced pressure
with a water pump to remove nitromethane, to obtain a yellow
residue solid (monitored by HPLC). A preparation liquid was
obtained by acid preparation. The preparation liquid was
concentrated at 35°C in a water bath under reduced pressure by
a water pump to remove acetonitrile by spinning, and was
lyophilized to obtain compound 48A (786 mg) with a yield of 90%.

Example 51
Synthesis of compound 48B:
o 7 [ MeSOsHH,N,
. . R
SO B »
2
\N” ﬁ G R TTN /\ﬁ o TN L. L L.
© o ° o + O/’HX_J-" PYBOP. HOBL DIPEA, DMF
L 5d-1 5/
“COOBY )’) o]
c. Mg
0 Ph
F¢ o i Ph
< LN,\I{H.V,.U‘N,J ,N._v,,l_N,«_OJ\_,o 770 MR |
NBac [ l ! H ! H o) H HN, o
e ZnBr, CH;NO, © o R
~Co0Bu e E—— | e
e A . O e
_,,_/\ PR “COOH N f 1] A
g N
/ Y
X) ‘OH s
a8n © "j OH
compolnd 488 O

Step 1: Compound 48b

Compound 5d-1 (200 mg, 0.24 mmol, 1.0 eq), M9 (127 mg, 0.24
mmol, 1.0 eq), PyBOP (187 mg, 0.36 mmol, 1.2 eq), HOBt (48 mg,
0.36 mmol, 1.2 eq), and DMF (6 mL) were added to a 25 mL single-
necked flask. The temperature was lowered to 0-5°C in an ice-
water bath, DIPEA (62 mg, 0.48 mmol, 2.0 eq) was added, and

then the temperature was raised to 20 + 5°C to react for 2 h.
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The end of the reaction was detected by HPLC. The reaction
solution was purified directly by HPLC preparation, and the
product preparation liquid was collected and lyophilized to
obtain compound 48b (150.2 mg); LC-MS: [M+H]* = 1235.4.
Step 2: Compound 48B

Compound 48b (100 mg, 0.081 mmol, 1.0 eq), ZnBr: (364 mg,
1.62 mmol, 20.0 eq) and CHsNO> (10 mL) were added to a 25 mL
single-necked flask in sequence, and then the temperature was
raised to 40°C to react for 0.5 h. The reaction was stopped,
and the reaction solution was directly spin-dried at 45°C under
reduced pressure to obtain a yellow solid, taking samples to
monitor the reaction by HPLC. The spin-dried solid was directly
purified by HPLC preparation, and the product preparation liquid
was collected and lyophilized to obtain compound 48B (70.0 mg);
LC-MS: [M+H]* = 1079.4.

Example 52

Synthesis of compound 49A:

oooH

COorpoLTCc48A

Referring to the route of Example 50, compound 49A (71 mg)
was obtained; LC-MS: [M+H]* = 1079.4.
Example 53
Preparation of compound 49B:

O g
» o

Referring to the synthetic route of Example 51, compound 49B
(65 mg) was obtained; LC-MS: [M+H]* = 1079.4.
Example 54

coTeeund 498
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Synthesis of compounds 50A and 50B:

PR

NBoc ]

MeSOsH-H,N,,

F —
PyBOP, HOB, DIPEA, DMF

coo Bu
CFs CFy

q@)LN/}(N\/‘L LN \)J\N/\O/\ij) q@)LN/\[(N\)L J/\T(H\)J\N o/'R\f

“NBoc “NBoc

COOBu COOBu

50a

Step 1: Compounds 50a and 50b

Add 7d (500mg, 0.57mmol), M9 (305mg, 0.57mmol), PyBOP (448mg,
0.86mmol), HOBt (116mg, 0.86mmol) and 15mL DMF into a 50mL
single-necked flask, add DIPEA (378uL, 2.29 mmol) in an ice-

water bath, raise to room temperature and react for 2h. After

50b

the completion of the reaction as detected by HPLC, the reaction
solution was purified by HPLC to obtain the preparation liquids
of compound 50a and compound 50b, and the preparation liquids
were freeze-dried respectively to obtain 170 mg of compound 50a,
LC-MS: [M+H]* =1289.46, and 202 mg of compound 50b, LC-MS: [M+H]~*
= 1289.46.

Step 2: Compound 50A

Pl Ay hrny ity it Al

“NBoc ZnBry, CH3NO;

{

COOBu kCOOH

50a 50A o]

Add 50a (100mg, 0.077mmol), zinc bromide (349mg, 1.55mmol)
and 5mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected
by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was freeze-dried to obtain 44 mg of solid.

Step 3: Compound 50B
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Add 50b (100mg, 0.077mmol), zinc bromide (349mg, 1.55mmol)
and 5mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected
by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was freeze-dried to obtain 45 mg of solid.

Example 55
Synthesis of compounds 51A and 51B:

MeSOzH¢H,N,,,

-,
N F pyBOP, HOBt, DIPEA, DMF

CF3

M9
o} Ph
0 [¢]
4 Q H H
q N/\[(N\/U\N S N\)LN/\OJR\‘fO
o H o oo .
N

HN,,,
NBoc

COOBu

s1b g
Step 1: Compound 5l1a and compound 51b

Add 8d (500mg, 0.57mmol), M9 (305mg, 0.57mmol), PyBOP (448mg,
0.86mmol), HOBt (116mg, 0.86mmol) and 15mL DMF into a 50mL
single-necked flask, add DIPEA (378uL, 2.29 mmol) In an 1ice-
water bath, raise to room temperature and react for 2h. After
the reaction was complete as detected by HPLC, the reaction
solution was purified by HPLC to obtain preparation liquids of
compound 5l1a and compound 51b, which were respectively
lyophilized to obtain 190 mg of compound 5l1la and 186 mg of
compound 51b. LC-MS of compound 5la: [M+H]* = 1289.47; LC-MS of
compound 51b: [M+H]* = 1289.47.
Step 2: Compound 51A
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Add compound 5la (100mg, 0.077mmol), zinc bromide (349mg,
1.55mmol) and 5mL nitromethane into a 25mL single-necked flask
and react at 40°C for 1h. After the completion of the reaction
as detected by HPLC, the solvent was removed by concentration
under reduced pressure to obtain a crude product. The crude
product was purified by HPLC to obtain a product preparation
liquid, which was lyophilized to obtain 39 mg of solid.

Step 3: Compound 51B

q@ﬁL /\[(N\)kN O N%N o)\(

NBoc

COOBu

51b

Add compound 51b (100mg, 0.077mmol), zinc bromide (349mg,
1.55mmol) and 5mL nitromethane into a 25mL single-necked flask
and react at 40°C for 1h. After the completion of the reaction
as detected by HPLC, the solvent was removed by concentration
under reduced pressure to obtain a crude product. The crude
product was purified by HPLC to obtain a product preparation
liquid, which was freeze-dried to obtain 60 mg of solid.

Example 56
Synthesis of compound 52A:

qﬁﬁr”*ﬁm@*N Ko

NBoc o}

MeSOzH¢H,N,,,

F PyBOP, HOBt, DIPEA, DMF
e e .

COO'Bu

q% W”ﬁ jﬁr“%N OQf g;ouﬁr““ﬁusph“ﬂ uAOQf"
O o \NH (o] (o] HN,,,

ZnBr,
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COOBu COOH

52a o 52A (e}

Step 1: Compound 52a
Add 11d (800mg, 0.96mmol), M9 (480mg, 0.96mmol), PyBOP (500mg,

0.96mmol), HOBt (208mg, 0.96mmol) and 30mL DMF into a 50mL
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single-necked flask, add DIPEA (660uL, 4.0 mmol) in an ice-
water bath, raise to room temperature and react for 4h. After
the completion of the reaction as detected by HPLC, the reaction
solution was purified by HPLC to obtain a preparation liquid of
compound 52a, which was lyophilized to obtain 52a (388 mg); LC-
MS: [M+H]* = 1261.4.
Step 2: Compound 52A

Add 52a (150mg, 0.12mmol), zinc bromide (532mg, 2.4mmol) and
10mL nitromethane into a 25mL single-necked flask and react at
40°C for 1h. After the completion of the reaction as detected
by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain solid compound 52A (79 mg); LC-MS:
[M+H]* = 1105.4.

Example 57

Synthesis of compound 52B

qﬁ ~A Ay Lw Sy Qf/

COOH

52B

Referring to the synthetic route of Example 56, compound 52B
(50 mg) was obtained. LC-MS: [M+H]* = 1105.4.
Example 58
Synthesis of compound 53A:

qﬁwﬂr“ﬁ $ b BreS

NBOC

MeSOzHH,N,,,

F PyBOP, HOB, DIPEA, DMF
e e e e .

COO'Bu

coo'Bu COOH
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zB,

53¢ 53A Qo

Step 1: Compound 53a
Add 12d (400mg, 0.47mmol), M9 (240mg, 0.47mmol), PyBOP (250mg,
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0.47mmol), HOBt (101mg, 0.47mmol) and 15mL DMF into a 50mL
single-necked flask, add DIPEA (330uL, 2.0 mmol) in an ice-
water bath, raise to room temperature and react for 3h. After
the completion of the reaction as detected by HPLC, the reaction
solution was purified by HPLC to obtain a preparation liquid of
compound 53a, which was lyophilized to obtain 53a (200 mg); LC-
MS: [M+H]* = 1275.4.
Step 2: Compound 53A

Add 53a (100mg, 0.08mmol), zinc bromide (360mg, 1.6mmol) and
5mL nitromethane into a 25mL single-necked flask and react at
40°C for 1h. After the completion of the reaction as detected
by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain solid compound 53A (51 mg); LC-MS:
[M+H]* = 1119.4.

Example 59

Synthesis of compound 53B:

COOH

(

53B

Referring to the synthetic route of Example 58, compound 53B
(50 mg) was obtained; LC-MS: [M+H]* = 1119.4.
Example 60
Synthesis of compounds 54A and 54B:

O Ph
r{ 9 bog A
§j;ﬂm/mmwﬂwé%ﬂvﬂwﬁgz%o
4 i " g Ho 5 H HN,, i
=

“NBoc

COOBu
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%4 2 vo9 o9 Mo S
N, N N ~ OH —————
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H H H 54a
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L 19d

NBoc
COOBu

54b

Step 1: Compounds 54a and 54b
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Add 19d (500mg, 0.59mmol), M9 (317mg, 0.59mmol), PyBOP (339mg,
0.65mmol), HOBt (88mg, 0.86mmol) and 10mL DMF into a 50mL
single-necked flask, add DIPEA (292uL, 1.77 mmol) in an ice-
water bath, raise to room temperature and react for 2h. After
the completion of reaction as detected by HPLC, the reaction
solution was purified by HPLC to obtain the preparation liquids
of compounds 54a and 54b. The preparation solutions were
lyophilized separately to obtain 103 mg of compound 54a, LC-MS:
[M+H]* = 1261.5, and 111 mg of compound 54b, LC-MS: [M+H]* =
1261.5.

Step 2: Compound 54A

Jo] Ph o] Ph
o o] o o o
éjl)\ nyﬂwl%ﬂyﬂwﬁbiﬁo §j;)w i T LR
o H/\g Hoo " H/ﬁg o

HN,.,

“NBoc

COOBu

Add 54a (100mg, 0.079mmol), zinc bromide (357mg, 1.59mmol)
and 5mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected

54A

by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain 61 mg of solid; LC-MS: [M+H]* = 1105.4.
Step 3: Compound 54B

° 5 o ™ o Y ° . o o \Y
4 H H : 7 H H H
q\ANWN\AN%N\ANAo/\KO qﬁ)LN/ﬁfN\)J\N/S@(N\)LNAO/RYO
o " o Hoo H HN,. &1l Aol H g
NBoc ZnBry, CH3NO2 SNH
0 N Q

COO'Bu

Add 54b (100mg, 0.079mmol), zinc bromide (357mg, 1.59mmol)
and 5mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected

54B

by HPLC, the solvent was removed by concentration under reduced

pressure to obtain a crude product. The crude product was

purified by HPLC to obtain a product preparation liquid, which

was lyophilized to obtain 57 mg of solid; LC-MS: [M+H]* = 1105.4.
Example 61
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Synthesis of compounds 55A and 55B:

ot ok, LM ADY
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Step 1: Compounds 55a and 55b

Add 20d (400mg, 0.47mmol), M9 (250mg, 0.47mmol), PyBOP (223mg,
0.56mmol), HOBt (83mg, 0.56mmol) and 10mL DMF into a 50mL
single-necked flask, add DIPEA (248uL, 1.5 mmol) in an 1ice-
water bath, raise to room temperature and react for 2h. After
the reaction was complete as detected by HPLC, the reaction
solution was purified by HPLC to obtain the preparation liquids
of compounds 55a and 55b. The preparation liquids were
separately freeze-dried to obtain 100 mg of compound 55a, LC-
MS: [M+H]* = 1275.5, and 101 mg of compound 55b, LC-MS: [M+H]*
= 1275.5.
Step 2: Compound 55A

§( Aty L«”ﬁ /‘f q iy % S /‘f
S E

“NBoc ZnBry, CHaNO, O Sy

COOBu

55a

Add 55a (100mg, 0.078mmol), zinc bromide (352mg, 1.57mmol)
and 5mL nitromethane 1Into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected

55A

by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain 42 mg of solid; LC-MS: [M+H]* =1119.4.
Step 3: Compound 55B
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Add 55b (100mg, 0.079mmol), zinc bromide (357mg, 1.59mmol)
and 5mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected

5 by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain 45 mg of solid; LC-MS: [M+H]* = 1119.4.

Example 62
10 Synthesis of compound 56:

o] o o Ph o
qR NW”JKNSLW Ny
o H 95 H 0o HN,,,
. S
N o

COOH N

56 d
Referring to the synthetic route of Example 60, compound 56
(50 mg) was obtained; LC-MS: [M+H]* = 1119.3.
Example 63
15 Synthesis of compound 57:

o . o Ph o /A
4 H H H
L R %{va — o
NH
L o

COOH N

Referring to the synthetic route of Example 61, compound 57
(50 mg) was obtained; LC-MS: [M+H]* = 1119.4.
Example 64
20 Synthesis of compound 58:
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MeSOzH-H,N

E
TEA, BnBr

Step 1: Synthesis of compound 58a

Add 400 mL of DMF to exatecan mesylate M5 (15 g, 28 mol,
prepared by the method disclosed in patent application
“EPO737683A1"), cool 1in an 1ice-water bath to 0°C, add
triethylamine dropwise, and adjust the pH to 7 - 8. Benzyl
bromide (9.6 g, 56 mmol) was added dropwise iIn an ice-water
bath, the temperature was raised to room temperature (25 °C) to
react for 1 hour, completion of the reaction was detected by
TLC, the reaction solution was concentrated under reduced
pressure, the crude product obtained was purified by preparative
high-performance liquid chromatography (acetonitrile/purified
water system), the target peak was collected, the acetonitrile
was removed under reduced pressure, then lyophilization was
performed, to obtain about 11 g of compound 58a, a yellow solid,
with a yield of about 74%, MS m/z: [M+H]* 526.3.
Step 2: Synthesis of compound 58b

At room temperature, compound 58a (11 g, 21 mol) and 120 mL
of formic acid for dissolution were sequentially added in a 250
mL single-necked flask, 30 mL of formaldehyde (40% aqueous
solution) was added to the resulting bright yellow solution,
and the temperature was raised to 50°C to react for 1 h. When
the reaction was complete as detected by TLC, the temperature
was coolled down to room temperature, and the reaction solution
was purified by preparative high-performance liquid
chromatography (acetonitrile/purified water system), and the
target peak was collected. After removing acetonitrile under
reduced pressure, lyophilization was performed to give about

4.5 g of compound 58b, a yellow powdery solid, yield about 40%,
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MS m/z: [M+H]* 540.6.
Step 3: Synthesis of compound 58:

At room temperature, add compound 58b (2.3 g, 4.3 mol) in a
250 mL single-necked flask, add 100 mL of DMF to dissolve, add
2.3 g of 5% Pd/C to the resulting bright yellow solution, use
a hydrogen balloon to replace the atmosphere iIn the system, and
maintain the reaction at room temperature for 1.5 hours.
Completion of the reaction was then detected by HPLC, Pd/C was
removed by filtration, and the resulting reaction solution was
concentrated, and then purified by preparative high-performance
liquid chromatography (acetonitrile/purified water system).
The target peak was collected, and after removing acetonitrile
under reduced pressure, lyophilization was performed to obtain
about 1.0 g of compound 58, a yellow powdery solid with about
52% yield, MS m/z: [M+H]* 450.5.

Example 65
Synthesis of compound 59:
AN H
N

./:'-rr,ﬁo o] 0 i \*/‘ 0 ) T/S \« .
g H H o g e N
\(N JLN/\(’N\’/J\N/LFN\)\N/\O/W/OH \\r_,N/ L “\ ,:I\
o [ H o Hog H o ,/\ N PyBOP, HOB!, DIPEA, DMF

NBaoc + g -

1d .8/
~CooBu ) OH
o 58
o Ph 0 Ph
p~7 o H 0/[ o 9 FY 0 w9 b @
A ““'M*N"\T"N“/‘LN \TN\,JKH/\O/\;/,O \'"N\/'KNATN\/‘\E/LTTN\)ku/\o/\‘?o
; - H | H M if E i o Ne
° Suses © - 7/\ R T aa \l
i - ZnBe;, CHaNO, - -
~COoOBu O§-'N/ /TT T “GooH oer{ {TI :
_r*’&l_!‘/)'/ NT YT F ’/"{kﬁ_’-vr- NTETUF
O\w o/
; ] ‘oH hi_]"OH
59a o compound 59 o

Step 1: Compound 59a

Add 1d (500 mg, 0.62 mmol), 58 (279 mg, 0.62 mmol), PyBOP
(448 mg, 0.86 mmol), HOBt (116 mg, 0.86 mmol) and 15 mL of DMF
into a 50 mL single-necked flask, add DIPEA (378 uL, 2.29 mmol)
In an ice-water bath, raise to room temperature and react for
2h. After the completion of the reaction as detected by HPLC,
the reaction solution was purified by HPLC to obtain a
preparation liquid, which was lyophilized to obtain 59a (166
mg); LC-MS: [M+H]* = 1235.6.
Step 2: Compound 59

59a (100 mg, 0.081 mmol), zinc bromide (368 mg, 1.63 mmol)
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and 10 mL of nitromethane were added to a 25 mL single-necked
flask and a reaction was carried out at 40°C for 1 h. After the
reaction was complete as detected by HPLC, the solvent was
removed by concentration under reduced pressure, and a crude
product was obtained. The crude product was purified by high
performance liquid chromatography to obtain a product
preparation liquid, and the preparation liquid was lyophilized
to obtain the solid compound 59 (43 mg); LC-MS: [M+H]* = 1079.3.

Example 66
Synthesis of compound 60:
P o 4 C f'dﬁ © .
\ NRAL N M. g TR N N e -G
o [ n O oo -
’ CNE
o] Vs
[SelalN e
T
o s;
\ ) ‘OH
compound 80 oo

Referring to the synthetic route of Example 65, compound 60
(40 mg) was obtained; LC-MS: [M+H]* = 1079.3.

Example 67
Synthesis of compound 61:
H e
AN ™ //o e /
PR s a] o f Wooe
ENIA P R | N N . N /L oH
D e T N N N T .
SN NBoc o Q PyBOP, HOBL DIPEA, DMF
o/ 5d
7 } oH COCBY
o - 58
ol _Ph
FE 0 e wo ¢ o} Ph
o s - _H\_’,_/‘LN,L_”,N\)\N,.\O,,Lv,,o % o W 0 ’ Ly O 1 .
g = A 1 Hoo H N T,N.\;/mN,'-.T,N.V, TN N 078
NBoc W | ooz H g H N
. O e e, 20 CHINO, o “nu C -
“CooBy ST T h o ek . o
; PR A ~, S &
d o FTONT T F
N SN
Vi ) OH o s;
61a o ,\’"}"OH
compound &1 o

Step 1: Compound 6la

Add 5d (1.66 g, 2.02 mmol, 1.0 eq), 58 (0.-91 g, 2.02 mmol,
1.0 eq), PyBOP (1.58 g, 3.03 mmol, 1.5 eq), HOBt (0.41 g, 3.03
mmol, 1.5 eq), and DMF (40 mL) in a 100 mL single-necked flask,
add DIPEA (0.84 mL, 1.5 eq) in an ice-water bath, and raise the
temperature to room temperature to react for 2 h (monitored by
HPLC). The reaction solution was purified directly by
preparative LC, the preparation liquid was concentrated at 35°C
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in a water bath under reduced pressure with a water pump to
remove acetonitrile, and lyophilized to obtain compound 6la
(1.21 g); LC-MS: [M+H]* = 1249.4.
Step 2: Compound 61

Add compound 6la (1.0g, 0.8mmol, 1.0eq) and 35mL
nitromethane iInto a 100mL single-necked flask, and after
dissolving, add zinc bromide (3.64g, 16mmol, 20.0eq), react in
an oil bath at 40°C (preheated to stabilize) for 30 min, and
concentrate at 45°C in a water bath under reduced pressure with
a water pump to remove nitromethane, to obtain a yellow residue
solid (monitored by HPLC). After acid preparation, a preparation
liquid was obtained. The preparation liquid was concentrated
at 35°C in a water bath under reduced pressure with a water
pump to remove acetonitrile by spinning, and freeze-dried to
obtain compound 61 (786 mg). LC-MS: [M+H]* = 1093.6.

Example 68
Synthesis of compound 62:
T H
o | /N‘\/Sh\l
- R i
2 H L M PN
SN ’L N J‘L A N e /L ~OH O\\N i
2 0 T G s G A T ne -
o NBoc © 0 Y PyBOP, HOBL DIPEA. DMF
5d-1 o, 8/
COOBU P )'OH
o 58
] Ph
— 0 o} ( o)
P H H ! o _Ph
\ N . o} (s]
B T e SIS W 1 N
0 ]\NBH a H HN o, N\i\u/\‘. . \H,S TS
oc i HN
O ey 208 CHNO, 5 o ° © N~
COOBu '§7-N\ | | . o P NN
4 S 2 “COOH -
N yol LA
4 N
#{oH 9 s,
62a o :."'j"OH
compound 62 o

Step 1: Compound 62a

Add compound 5d-1 (200mg, 0.24mmol, 1.0eq), 58 (110.3mg,
0.24mmol, 1.0eq), PyBOP (187mg, 0.36mmol, 1.2eq), HOBt (48mg,
0.36mmol, 1.2eq) and DMF (6mL) to a 25 mL single-necked flask,
lower to 0-5°C in an ice-water bath, and add DIPEA (62mg,
0.48mmol, 2.0eq). Then raise to 20+5°C to react for 2h, and
use HPLC to monitor for the end of the reaction. The reaction
solution was directly purified by HPLC preparation, and the
product preparation liquid was collected and freeze-dried to
obtain compound 62a (120.9 mg); LC-MS: [M+H]* = 1249.4.
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Step 2: Compound 62

Add compound 62a (100mg, 0.081mmol, 1.0eq), ZnBr. (364mg,
1.62mmol, 20.0eq) and CHsNO2> (10mL) sequentially into a 25mL
single-necked flask. After the addition is complete, raise the
temperature to 40°C and react for 0.5h. The reaction was
stopped, and the reaction solution was directly spin-dried under
reduced pressure at 45°C to obtain a yellow solid, which was
sampled to monitor the reaction by HPLC. The spin-dried solid
was directly purified by HPLC preparation, and the product
preparation liquid was collected and Ilyophilized to obtain
compound 62 (61 mg); LC-MS: [M+H]* = 1093.4.

Example 69

Preparation of compound 63:

comcodns 63 5 l -~

Referring to the route of Example 67, compound 63 (60 mg)
was obtained; LC-MS: [M+H]* = 1093.4.
Example 70

Preparation of compound 64:

COMECLrG 64 J) Jj o
Referring to the synthetic route of Example 68, compound 64
(65 mg) was obtained; LC-MS: [M+H]* = 1093.4.
Example 71

Preparation of compounds 65A and 65B:
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PyBOP, HOB, DIPEA, DMF

CF3

</;\//th,/\“/”\)k /Lﬂ/Nva o)R\f

“NBoc

COOBu

65b

Step 1: Compounds 65a and 65b

Add 7d (500mg, O0.57mmol), 58 (256.8mg, O0.57mmol), PyBOP
(448mg, 0.86mmol), HOBt (116mg, 0.86mmol) and 15mL DMF into a
50mL one-necked flask, add DIPEA (378uL, 2.29mmol) in an ice-
water bath, raise to room temperature and react for 2h. After
the completion of the reaction as detected by HPLC, the reaction
solution was purified by HPLC to obtain the preparation liquids
of compounds 65a and 65b. The preparation liquids were
lyophilized separately to obtain 155 mg of compound 65a, LC-MS:
[M+H]* = 1303.4, and 158 mg of compound 65b, LC-MS: [M+H]* =
1303.6.
Step 2: Compound 65A

q @)LNAWNJL Lw JLNAOCAF} q s/lm(wl j\( v“NA o

“NBoc ZnBry, CH3NO,

COOBu kcoor—q

Add 50a (100mg, 0.077mmol), zinc bromide (349mg, 1.55mmol)
and 5mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected

65A (0]

by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a preparation liquid, which was
lyophilized to obtain 49 mg of solid.

Step 3: Compound 65B

qS/[LN/WNQL /[W %N o)ci; §<’S}LNA{NQ& LWNJLN o)\f

“NBoc ZnBry, CHNO,

COOBu COOH

65b 65B
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Add 65b (100mg, 0.077mmol), zinc bromide (349mg, 1.55mmol)
and 5mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected
by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a preparation liquid, which was
lyophilized to obtain 47 mg of solid.

Example 72
Synthesis of compounds 66A and 66B:

qﬁww”% /'fj e h %r )

NBoc

——
F PyBOP, HOBt, DIPEA, DMF

COO Bu

q@ﬁk ~ Ay %mi; §f - L

NBoc NBoc

coo Bu COOBu

66a 66b [e]

Step 1: Compound 66a and Compound 66b

Add 8d (500mg, 0.57mmol), 58 (256.8mg, 0.57mmol), PyBOP
(448mg, 0.86mmol), HOBt (116mg, 0.86mmol) and 15mL DMF into a
50mL one-necked flask, add DIPEA (378uL, 2.29mmol) in an 1ice-
water bath, raise to room temperature and react for 2h. After
the completion of the reaction as detected by HPLC, the reaction
solution was purified by HPLC to obtain the preparation liquids
of compound 66a and compound 66b, and the preparation liquids
were separately lyophilized to obtain 160 mg of compound 66a
and 160 mg of compound 66b. LC-MS of compound 66a: [M+H]* =
1303.7; LC-MS of compound 66b: [M+H]+ = 1303.6.
Step 2: Compound 66A

CF3 CF3

q{ﬁ WN% /rw %N o/\f qix,m(“% Lm ﬁN oy’

NBoc

COO Bu __ZnBry _ COOH

66a (0] 66A (6}

Add compound 66a (100mg, 0.077mmol), zinc bromide (349mg,
1.55mmol) and 5mL nitromethane into a 25mL single-necked flask
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and react at 40°C for 1h. After the completion of the reaction
as detected by HPLC, the solvent was removed by concentration
under reduced pressure to obtain a crude product. The crude
product was purified by HPLC to obtain a product preparation
liquid, which was lyophilized to obtain 57 mg of solid, LC-MS:
[M+H]* = 1147 .5.

Step 3: Compound 66B

CF3 CF3

o o ° Ph ° o} o ° Ph o
4 H H 4 H H
q N/YN\)J\NJS;(N\AN/\O)R\fO g‘fj\N/\n/N\)J\N s NVU\NAOJR\‘(O
o H 9 H o A _N o NHH o H oo N
L Q L Q

NBoc ZnBr,

COO'Bu COOH

66b o 668 ]

Add compound 66b (100mg, 0.077mmol), zinc bromide (349mg,
1.55mmol) and 5mL nitromethane into a 25mL single-necked flask
and react at 40°C for 1h. After the completion of the reaction
as detected by HPLC, the solvent was removed by concentration
under reduced pressure to obtain a crude product. The crude
product was purified by HPLC to obtain a product preparation
liquid, which was lyophilized to obtain 57 mg of solid, LC-MS:
[M+H]* = 1147.5.

Example 73
Synthesis of compound 67A:

o
4 Q Ho§ v
q,ﬁkNWN%N NQLN/\O OH
o "0 H oo H o
L 11d

F PyBOP, HOB, DIPEA, DMF
NBoc I ———

COOBuU
58
0 o Ph o
o
q@kN/\[rNJJ\N S N A~
H H H H N
e} \NH o o -

COOH N

ZnBr,

67A [e]

Step 1: Compound 67a

Add 11d (800mg, 0.96mmol), 58 (432.5mg, 0.96mmol), PyBOP
(500mg, 0.96mmol), HOBt (208mg, 0.96mmol) and 30mL DMF into a
50mL single-necked flask, add DIPEA (660 uL, 4.0 mmol) in an
ice-water bath, raise to room temperature and react for 4h.
After the completion of the reaction as detected by HPLC, the

reaction solution was purified by HPLC to obtain a preparation
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liquid of compound 67a, which was lyophilized to obtain 67a
(402 mg); LC-MS: [M+H]* = 1275.4.
Step 2: Compound 67A

Add 67a (100mg, 0.78mmol), zinc bromide (356mg, 1.57mmol)
and 10mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected
by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain solid compound 67A (47 mg); LC-MS:
[M+H]* = 1119.5.

Example 74

Synthesis of compound 67B:

o) o o Ph o
4 H H
s NA(NJLNstwﬁNAOQfO
o H o H o H _N
NH
L o

COOH

67B

Referring to the synthetic route of Example 73, compound 67B
(50 mg) was obtained. LC-MS: [M+H]* 1119.4.
Example 75
Synthesis of compound 68A:

NBoc

o]
7 o] H 9 v 9 o]
g/'&NWN\)kN NJ\N/\O/ZikOH
o H o H o H
k 12d

COOBu

COOBu COOH

NBoc
N/EH/NJKH/\WNYU\H/\W ~ N'S NVU\N/WN\f)LH/\n/
\ ) o~ ° N Znér, \ H oo X o
o —

Ph -

68e 68A

Step 1: Compound 68a

Add 12d (400mg, 0.47mmol), 58 (211.7mg, 0.47mmol), PyBOP
(250mg, 0.47mmol), HOBt (101mg, 0.47mmol) and 15mL DMF into a
50mL single-necked flask, add DIPEA (330uL, 2.0mmol) in an ice-
water bath, and raise to room temperature and react for 3h.
After the completion of the reaction as detected by HPLC, the
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reaction solution was purified by HPLC to obtain a preparation
liquid of compound 68a, which was lyophilized to obtain 68a
(177 mg); LC-MS: [M+H]* = 1289.4.
Step 2: Compound 68A

Add 68a (100mg, 0.08mmol), zinc bromide (360mg, 1.6mmol) and
5mL nitromethane into a 25mL single-necked flask and react at
40°C for 1lh. After the completion of the reaction as detected
by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain solid compound 68A (45 mg); LC-MS:
[M+H]* = 1133.4.

Example 76

Synthesis of compound 68B:

COOH
_NH

o Iy ¢ T H 52(
NS N.__O (o]
SR RAEE i
o Ph

68B

Referring to the synthetic route of Example 75, compound 68B
(50 mg) was obtained; LC-MS: [M+H]* = 1133.4.
Example 77
Synthesis of compounds 69A and 68B:

O Ph
r{ 9 oD B g
quNWNJLNSLWW%AOLO
o " o Ao . N

“NBoc

COOBu

o
4 Q vof H 9 58 o
N,.. N N A~ OH ————————
q N/ﬁf \)LN \)kN O PyBOP, HOBt, DIPEA, DMF
H H H 69a
(0] o o] o
§ 19d

NBoc

AP S UGS R
N N Sy NN o R
6 = H/\g He T H //\“T

Step 1: Compounds 69a and 69b

Add 19d (600mg, 0.59mmol), 58 (266mg, 0.59mmol), PyBOP
(339mg, 0.65mmol), HOBt (88mg, 0.86mmol) and 10mL DMF into a
50mL single-necked flask, add DIPEA (292uL, 1.77 mmol) iIn an
ice-water bath, raise to room temperature and react for 2h.
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After the completion of the reaction as detected by HPLC, the
reaction solution was purified by HPLC to obtain the preparation
liquids of compounds 69a and 69b. The preparation solutions
were freeze-dried separately to obtain 109 mg of compound 69a,
LC-MS: [M+H]* = 1275.5, and 111 mg of compound 69b, LC-MS: [M+H]*
= 1275.7.

Step 2: Compound 69A

jo] Ph Jo] Ph
o e} o o] o o
§j§m nvxmgﬁvawY,o §f Hkasﬂvkme%o
B H/\T H H B N/W/ H H N
(o} B (e} o H [e] -
[e]

N
ZnBr, CHNO; O N 0

“NBoc

COOBu COOH

69a o

Add 69a (100mg, 0.078mmol), zinc bromide (352mg, 1.56mmol)
and 5mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected

69A

by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain 53 mg of solid; LC-MS: [M+H]* = 1119.4.
Step 3: Compound 69B

° o PR \Y% o o PR o \Y4
4 H H : / H H :
NSNS N %{Ndkw/\o ° qs)k R e Ayorp®
?\ NTTR T A A»T < TR A /j

ZnBr,, CHgNO, © NH

COOBu

69b 69B o

Add 69b (100mg, 0.078mmol), zinc bromide (352mg, 1.56mmol)
and 5mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected

by HPLC, the solvent was removed by concentration under reduced

pressure to obtain a crude product. The crude product was

purified by HPLC to obtain a product preparation liquid, which

was lyophilized to obtain 54 mg of solid; LC-MS: [M+H]* = 1119.4.
Example 78

Synthesis of compounds 70A and 70B:
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Step 1: Compounds 70a and 70b

Add 20d (400mg, 0.47mmol), 58 (211.7mg, 0.47mmol), PyBOP
(223mg, 0.56mmol), HOBt (83mg, 0.56mmol) and 10mL DMF into a
50mL single-necked flask, add DIPEA (248uL, 1.5mmol) in an ice-
water bath, raise to room temperature and react for 2h. After
the completion of the reaction as detected by HPLC, the reaction
solution was purified by HPLC to obtain the preparation liquids
of compounds 70a and 70b. The preparation liquids were freeze-
dried separately to obtain 106 mg of compound 70a, LC-MS: [M+H]*
= 1289.5, and 101 mg of compound 70b, LC-MS: [M+H]* = 1289.4.
Step 2: Compound 70A

o] Ph O Ph
o o o o o o]
L Hvﬂwl%ﬁwﬂwfwlii Chsk Hyﬂwg%ﬂwyw/bg:i
TN A H WY A H
o = e} e} e} o N
o)

N ~

ZnBry, CHNO, © NH
COOH N

“NBoc

COOBu

70a

Add 70a (100mg, 0.078mmol), zinc bromide (352mg, 1.57mmol)
and 5mL nitromethane 1nto a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected

70A

by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain 39 mg of solid; LC-MS: [M+H]* = 1133.4.
Step 3: Compound 70B

o Ph A o Ph A
7~ © e y o < 7~ o b © /'/\WH o g
S B A Ry,
O Ngoe © °© - ZnBr,, CHNO, O X0 © © -

COOBu COOH

70b 70B
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Add 70b (100mg, 0.078mmol), zinc bromide (352mg, 1.56mmol)
and 5mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected
by HPLC, the solvent was removed by concentration under reduced

5 pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain 35 mg of solid; LC-MS: [M+H]* = 1133.4.

Example 79
Synthesis of compound 71:

qﬁwﬁr“* Lm Ay ”'ﬁ

COOH N

10 7 [¢]
Referring to the synthetic route of Example 78, compound 71

(30 mg) was obtained; LC-MS: [M+H]* = 1133.3.
Example 80
Synthesis of compound 72:

15 72
Referring to the synthetic route of Example 78, compound 72

(33 mg) was obtained; LC-MS: [M+H]* = 1133.4.
Example 81

Q,

O,
BuO. D O 'BuO }?
U U
T(\N/I T(\N/l
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—
? o

pentafluorophenol »
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M10

roY ?
8 Mﬁ?

20 Synthesis of compound M11:
In a 100 mL single-necked flask, add compound M3 (11.0 g,
19.5 mmol, 1.0 eq), DIPEA (2.8 g, 21.4 mmol, 1.1 eq), 27-amino-
4,7,10,13,16,19,22,25-octaoxaheptacosanoic acid (9.7 g, 20.5

ms F F
F

BuO.
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mmol, 1.05 eq) and DMF (60 mL), and react at room temperature
(monitored by TLC) for 20 minutes. The reaction solution was
purified directly by preparative LC, and the preparation liquid
was concentrated at 35°C In a water bath under reduced pressure
5 with a water pump to remove acetonitrile, and lyophilized to
obtain compound M10 (13.2 g) in a yield of 78%; LC-MS: [M+H]* =
866.5.
Add compound M10 (13.0 g, 15 mmol, 1.0 eq), pentafluorophenol
(3 g, 16.5 mmol, 1.1 eq), DCC (3.4 g, 16.5 mmol, 1.1 eq) and
10 THF (30 mL) in a 100 mL single-necked flask, react at room
temperature for 30 min (monitored by TLC), and filter off the
insoluble material. The reaction solution was directly purified
by preparative LC, and the preparation liquid was concentrated
at 35°C 1n a water bath under reduced pressure with a water pump
15 to remove acetonitrile, and lyophilized to obtain compound M11
(14.2 g) in 92% yield; LC-MS: [M+H]* = 1032.5.

Example 82
Synthesis of compound 73:
i
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20 Step 1: Synthesis of compound 73a
Add 10 mL of DMF to M11 (1 g, 0.79 mol), cool iIn an ice-
water bath to 0°C, add compound 1c (334 mg, 0.79 mol) and DIPEA

(154 mg, 1.19 mol), and maintain the conditions to react for 1
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h. TLC monitors for the completion of the reaction. The

reaction solution was purified by preparative high-performance

liquid chromatography (acetonitrile/purified water system), and

the target peak was collected. After removing acetonitrile under

reduced pressure, freeze-drying was performed to obtain about

1.2 g of compound 73a, MS m/z:

Step 2: Synthesis of compound 73b

Add 73a (1.2g, 0.94mmol), M5 (500mg, 0.94mmol), PyBOP (625mg,
1.2mmol), HOBt (162mg, 1.2mmol) and 15mL DMF into a 25mL single-
necked flask, add DIPEA (310mg, 2.4mmol) in an ice-water bath,

raise to room temperature and react for 2h. After the completion

[M+H]+ = 1271.9.

of the reaction as detected by HPLC, the reaction solution was

purified by HPLC to obtain a preparation

lyophilized to obtain 73b (709 mg); LC-MS: [M+H]*
Step 3: Synthesis of compound 73:

Add 73b (200mg, 0.116mmol), zinc bromide (523mg, 2.32mmol)
and 10mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected

liquid,

which was
1720.8.

by HPLC, the solvent was removed by concentration under reduced

pressure to obtain a crude product.

The crude product was

purified by HPLC to obtain a product preparation liquid, which

was lyophilized to obtain solid compound 73 (88 mg); LC-MS:

[M+H]* = 1532.6.

Example 83

Synthesis of compound 74:
ek °  we
\ON,N\JR/\”/\ 0\6/ ~oF N g/ TN \'0/

compound 74

e T
- N

g/j"OH

i N'J\ {/’L\ £

Referring to the synthetic route of Example 82, compound 74
(90 mg) was obtained; LC-MS: [M+H]* =

Synthesis of compound 75:

Example 84
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Step 1: Synthesis of compound 75a

Add 10 mL of DMF to M11 (1 g, 0.79 mol), cool iIn an ice-
water bath to 0°C, add compound 5c (345 mg, 0.79 mol) and DIPEA
(154 mg, 1.19 mol), and maintain the conditions to react for 1
h. TLC monitors for completion of the reaction. The reaction
solution was purified by preparative high-performance liquid
chromatography (acetonitrile/purified water system), and the
target peak was collected. After removing acetonitrile under
reduced pressure, lyophilization was performed to obtain 0.99
of compound 75a, MS m/z: [M+H]* = 1285.6.
Step 2: Synthesis of compound 75b

Add 75a (700mg, 0.54mmol), M5 (289mg, O0.54mmol), PyBOP
(313mg, 0.6mmol), HOBt (81mg, O0.6mmol) and 10mL DMF into a 25mL
single-necked flask, add DIPEA (155mg, 1.2 mmol) in an 1ice-
water bath, raise to room temperature and react for 2h. After
completion of the reaction as detected by HPLC, the reaction
solution was purified by HPLC to obtain a preparation liquid,
which was lyophilized to obtain 75b (304 mg); LC-MS: [M+H]* =
1734.8.
Step 3: Synthesis of compound 75:

Add 75b (200mg, 0.116mmol), zinc bromide (523mg, 2.32mmol)
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and 10mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected
by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain solid compound 75 (96 mg); LC-MS:
[M+H]* = 1546.6.

Example 85
Synthesis of compound 76:
2 s [»] P 0 OH
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Referring to the synthetic route of Example 84, compound 76
(92 mg) was obtained; LC-MS: [M+H]* = 1546.5.

Example 86
Synthesis of compound 77:
e 4;-0 o & N :lJ [ PhH 4 G,
& ,_, B & B P T Mo T Ny . ""..""\?"'C
\\: N.J._i.. VBRSSO N . \ . N
HINC
- S
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Q

(\} [k
Referring to the synthetic route of Example 84, compound 77
(87 mg) was obtained; LC-MS: [M+H]* = 1546.5.

Example 87
Synthesis of compound 78:
£ o ) g Moo =
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Referring to the synthetic route of Example 84, compound 78
(94 mg) was obtained; LC-MS: [M+H]* = 1546.7.
Example 88
Synthesis of compounds 79 and 80:

161



10

15

20

H Q PhH Q
HoN N\)LN N\AN/\O OH M11
H H
A\ O O (0] DIPEA, DMF, rt
'BuO\[(\ N 20
N/l ’

¢} éo% NH ¢}

o wo (™M o
bo{\AoMN/YN\)LN N\)LN/\O OH ms
8 H o H o) H o

.
PyBOP, HOB, DIPEA, DMF

o]

BocN/

79a
o o Ph o
9 g %nvm AJﬁa
qﬁu”"“@* D o
0 ° °©
=

1BuO,C
79b-1

O o 0 Ph lo} ,A
r{ 3 1A a0
A R S B e

BocHN™

BuO,C
79b-2

Step 1: Synthesis of compound 79a

Add 10 mL of DMF to M11 (1 g, 0.79 mol), cool to 0°C in an
ice-water bath, add compound 20c (377 mg, 0.79 mol) and DIPEA
(154 mg, 1.19 mol), and maintain the conditions to react for 1
h. TLC monitors for completion of the reaction. The reaction
solution was purified by preparative high-performance liquid
chromatography (acetonitrile/purified water system), and the
target peak was collected. After removing acetonitrile under
reduced pressure, lyophilization was performed to obtain 783 mg
of compound 79a, MS m/z: [M+H]* = 1325.8.
Step 2: Synthesis of compounds 79b-1 and 79b-2

Add 79a (600 mg, 0.45 mmol), M5 (240 mg, 0.45 mmol), PyBOP
(261 mg, 0.5 mmol), HOBt (68 mg, 0.5 mmol) and 10 mL of DMF to
a 25 mL single-necked flask, add DIPEA (130 mg, 1 mmol) in an
ice-water bath, and raise to room temperature to react for 2 h.
After the completion of the reaction as detected by HPLC, the
reaction solution was purified by HPLC to obtain the preparation
liquids of compounds 79b-1 and 79b-2, and the preparation
liquids were lyophilized to obtain 79b-1 (124 mg); LC-MS: [M+H]*
= 1743.0; and obtain 79b-1 (122 mg); LC-MS: [M+H]* = 1743.0.
Step 3: Synthesis of compound 79
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Add 79b-1 (100mg, 0.057mmol), zinc bromide (258mg, 1.15mmol)
and 10mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected
by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain solid compound 79 (30 mg); LC-MS:
[M+H]* = 1586.9.

Step 4: Synthesis of compound 80

qd* N%@Mwﬁg“ :

BocN
BuO,C

§U ]

HO.C

Add 79b-2 (100mg, 0.057mmol), zinc bromide (258mg, 1.15mmol)
and 10mL nitromethane into a 25mL single-necked flask and react
at 40°C for 1h. After the completion of the reaction as detected
by HPLC, the solvent was removed by concentration under reduced
pressure to obtain a crude product. The crude product was
purified by HPLC to obtain a product preparation liquid, which
was lyophilized to obtain solid compound 80 (33 mg); LC-MS:
[M+H]* = 1587.0.

Example 89
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Synthesis of compound 81:
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Referring to the synthetic route of Example 88, compound 81
(24 mg) was obtained; LC-MS: [M+H]* = 1586.9.
Example 90
Synthesis of compound 82:
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Referring to the synthetic route of Example 88, compound 82

(29 mg) was obtained; LC-MS: [M+H]* = 1586.9.
Example 91

1) Expression and purification of SI-1x6.4 antibody:

Exp1293 (Shanghai OPM Biosciences Co., Ltd.) suspension
cells were used to express SI-1x6.4 antibody. The day before
transfection, cells were inoculated at a density of 0.9x106
cells/mL in a 1 L shake flask containing 300 mL of OPM-293 CDO5
Medium (81075-001, Shanghai OPM Biosciences Co., Ltd.),
culturing was performed overnight at 37°C, 5% CO>, and 120 rpm
in a cell culture shaker. On the next day, the antibody
expression plasmid was transfected with PEI-MAX, wherein the
mass ratio of plasmid:PEI-MAX was 1:3. OPM-293 ProFeed
supplement was added at 5% (v/v) on the first day after
transfection, and then again at 5% (v/v) on the third day after
transfection, and centrifugation was performed to collect the
supernatant on the sixth day after transfection.

The collected cell expression supernatant was eluted with
0.05 M sodium acetate (pH 3.6) iIn a Protein A affinity
chromatography column (UniMab 50, Suzhou Nanomicro Technology
Co., Ltd.), and the captured antibody was adjusted to pH 7.0
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with 1 M Tris-HCI (pH 8.8) at 0.7/10 (v/v), and then passed
through a gel fTiltration chromatography column SEC (Superdex
200, GE) to remove impurities such as polymers, while the

antibody buffer was replaced with 20 mM PB (pH 6.5).
Antibody SI1-1 x 6.4:

Light chain nucleic acid coding sequence
SEQ ID NO: 1

GACATCTTGCTGACTCAGTCTCCAGTCATCCTGTCTGTGAGTCCAGGAGAAAGAGTC
AGTTTCTCCTGCAGGGCCAGTCAGAGTATTGGCACAAACATACACTGGTATCAGCAA
AGAACAAATGGTTCTCCAAGGCTTCTCATAAAGTATGCTTCTGAGTCTATCTCTGGGA
TTCCTTCCAGGTTTAGTGGCAGTGGATCAGGGACAGATTTTACTCTTAGCATCAACAG
TGTGGAGTCTGAAGATATTGCAGATTATTACTGTCAACAAAATAATAACTGGCCAACC
ACGTTCGGTGCTGGGACCAAGCTGGAGCTGAAACGTACGGTGGCTGCACCATCTGTC
TTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCC
TGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCCC
TCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACC
TACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGT

CTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAA
CAGGGGAGAGTGTTAG

Light chain amino acid sequence
SEQ ID NO: 2

DILLTQSPVILSVSPGERVSESCES S

GIDFTLSINSVESEDIADYYC{ ¥ fFGAGTRKLELKRTVAAPSVFIFPPSDEQLK SGTA
SVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEK
HKVYACEVTHOGLSSPVTKSFNRGEC

wherein the variable region is:
SEQ ID NO: 28

DILLTOSPVILSVSPGERVSESCEAS:,
GIDFTLSINSVESEDIADYYC{)

where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 25), CDR2 (SEQ ID NO: 26), and CDR3 (SEQ ID NO: 27),
respectively.

Nucleic acid coding sequence for the construct of the heavy

chain and single-chain Fv (scFv) structural domain
SEQ ID NO: 3
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CAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCCCTCACAGAGCCTGTC
CATCACCTGCACAGTCTCTGGTTTCTCATTAACTAACTATGGTGTACACTGGGTTCGCC
AGTCTCCAGGAAAGGGTCTGGAGTGGCTGGGAGTGATATGGAGTGGTGGAAACACA
GACTATAATACACCTTTCACATCCAGACTGAGCATCAACAAGGACAATTCCAAGAGCC
AAGTTTTCTTTAAAATGAACAGTCTGCAATCTAATGACACAGCCATATATTACTGTGCC
AGAGCCCTCACCTACTATGATTACGAGTTTGCTTACTGGGGCCAAGGGACTCTGGTCA
CTGTCTCTAGCGCTAGCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAA
GAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCG
AACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTC
CCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCC
TCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAAC
ACCAAGGTGGACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCCC
ACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAA
ACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGOTCACATGCOTGGTGGTGGA
CGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGG
TGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTG
GTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGC
AAGOTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAA
AGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGA
CCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCG
CCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
OTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCAAGCTCACCGTGGACAAGAGC
AGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAAC
CACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTGGCGGTGGAGGGTCCGGCGG
TGGTGGATCACAGGTGCAATTGCAGGAGTCGGGGGGAGGCCTGGTCAAGCCTGGAG
GGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTAGTAGTTATTGGATGAG
CTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTGGCCAACATAAACCGCG
ATGGAAGTGCGAGTTACTATGTGGACTCTGTGAAGGGCCGATTCACCATCTCCAGAG
ACGACGCCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACG
GCTGTGTATTACTGTGCGAGAGATCGTGGGGTGGGCTACTTCGATCTCTGGGGCCGTG
GCACCCTGGTCACCGTCTCGAGCGGTGGAGGCGGTTCAGGCGGAGGTGGTTCCGAGC
GOGTGGCGOCTCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTOGTCTGGGTCTCCTGGA
CAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTTTG
TCTCCTGGTACCAACAACACCCAGGCAAAGCCCCCAAACTCATGATCTATGATGTCAG
TGATCGGCCCTCAGGGGTGTCTGATCGCTTCTCCGGCTCCAAGTCTGGCAACACGGC
CTCCCTGATCATCTCTGGCCTCCAGGCTGACGACGAGGCTGATTATTACTGCAGCTCA
TATGGGAGCAGCAGCACTCATGTGATTTTCGGCGGAGGGACCAAGGTGACCGTCCTA
TAA

Amino acid sequence for the construct of heavy chain and single-
chain Fv (scFv) structural domain
SEQ ID NO: 4

OQVOLKOSGPGILVOPSOSLSITCTVSGESETNY GYHIWVROSPGKGLEWLGE T SGONETN TR
§ FSRLSINKDNSKSOVEEKMNSLOSND TAIYYCARAE P YD YRS WGOG TV TVSSASTKGPS
VFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY SLSSY
VTVPSSSLGTOTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDELTKNQV
SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDK SRWQQGNVE
SCSVMHEALHNHY TQKSLSLSPGGGGGSGGGGSQVOLOLSGGGLFKPGGSIRL SCAASGE
TESSY AWV ROAPGKGLEWVANIN S ANV VDSV QRETISRDDAKNSLYLOMNSLRAE
DIAVYYCARDRG VG Y RO WGRGTLY TVSSGGGGSGGGGSGGGGSOSALTOPASVSGSPGOST
TISC L FSSIH GUENT SWYQOHPGRAPKIMIY 3 SERESGVSDRIESSGSKSGNTASLIISGL OA

DDEADYYCSSYOSSSTHVIFGOGGTRVITVL

where the variable region of the heavy chain is:
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SEQ ID NO: 38

where the underlined portions are, from left to right, CDR1
(SEQ ID NO: 29), CDR2 (SEQ ID NO: 30), and CDR3 (SEQ ID NO: 31),
respectively.

The variable region of the heavy chain in the structural
domain of the single chain Fv (scFv) is:

SEQ ID NO: 39

QVOLOESGGGLVEPGGSLRLSCAASGFTES Y WAL WIVROAPGRKGLEWVANIN DG SANY VTR

where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 32), CDR2 (SEQ ID NO: 33), and CDR3 (SEQ ID NO: 34),
respectively.
The variable region of the light chain in the single-chain
Fv (scFv) structural domain is:
SEQ ID NO: 40
QSALTOPASVSGSPGOSHIS UG TSN GGYS

NEUSWYQQOHPUGRKAPKLMIY G ESRENGEVSDRE
SGSKSGNTASLISGLOADDEADYYCRSY HYIFGGGTRYTVL

where the underlined portions are, from left to right, CDR1
(SEQ ID NO: 35), CDR2 (SEQ ID NO: 36), and CDR3 (SEQ ID NO: 37),
respectively.

2) Expression and purification of SI1-1x22 antibody: a
similar method was followed for the expression and
purification of SI1-1x22 antibody.

Antibody SI1-1x22:

Nucleic acid coding sequence for the construct of light
chain and single-chain Fv (scFv) structural domain

SEQ ID NO: 9
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GACATCTTGCTGACTCAGTCTCCAGTCATCCTGTCTGTGAGTCCAGGAGAAAGAGTC
AGTTTCTCCTGCAGGGCCAGTCAGAGTATTGGCACAAACATACACTGGTATCAGCAA
AGAACAAATGGTTCTCCAAGGCTTCTCATAAAGTATGCTTCTGAGTCTATCTCTGGG
ATTCCTTCCAGGTTTAGTGGCAGTGGATCAGGGACAGATTTTACTCTTAGCATCAAC
AGTGTGGAGTCTGAAGATATTGCAGATTATTACTGTCAACAAAATAATAACTGGCCA
ACCACGTTCGGTTGTGGGACCAAGCTGGAGCTGAAACGTACGGTGGCTGCACCATC
TGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTG
TGCCTGCTGAATAACTTICTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAA
CGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACA
GCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACAC
AAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAG
CTTCAACAGGGGAGAGTGTGGTGGCGGCGGAAGTGGCGGTGGAGGATCCGGCGGTG
GTGGATCACAGGTGCAGCTGCAGGAGTCGGGGUGAGGCCTGGTCAAGCCTGGAGGG
TCCCTGAGTCTCTCCTGTGCAGCCTCTGGATTCACCTTTAGTAGTTATTGGATGAGCT
GGOGTCCOGCCAGGCTCCAGOGGAAGGGOGCTOGOAGTOGOGTOOGCCAACATAAACCGCGAT
GGAAGTGCGAGTTACTATGTGGACTCTGTGAAGGGCCGATTCACCATCTCCAGAGA
CGACGCCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGG
CTGTGTATTACTGTGCGAGAGATCGTGGOGTGGOCTACTTCGATCTCTGGGGCCGTG
GCACCCTGOGTCACCOTCTCGAGCGOGTGGAGGCGGTTCAGGCGGAGGTGGTTCCGGC
GGTGGCGGCTCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGA
CAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTTT
GTCTCCTGGTACCAACAACACCCAGGCAAAGCCCCCAAACTCATGATCTATGATGTC
AGTGATCGGCCCTCAGGGOGTGTCTGATCGCTTCTCCGGCTCCAAGTCTGGCAACACG

GCCTCCCTGATCATCTCTGGCCTCCAGGCTGACGACGAGGCTGATTATTACTGCAGC
TCATATGGGAGCAGCAGCACTCATGTGATTTTCGGCGGAGGGACCAAGGTGACCGT
CCTATAA

Amino acid sequence of construct of light chain and single-
chain Fv (scFv) structural domain
SEQ ID NO: 10

DILLTOSPVH SV SPGERVSISCRASOSIG TN WYOORTNGSPRLLIKY 4 SESISGIPSRIESGS GS
O TITGCGTKLELKRTVAAPSVFIFPPSDEQLK SGTA
SVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEK
HKVYACEVTHQGLSSPVTKSFNRGECGGGGSGGGGSGGGGSQVOLOESGGGLVKPGGS
LSLSCAASGFTESSY AWV ROAPCKGLEWVANINR G ASY Y VR UK GRITTISRDDAKNSLY
LOMNSLRAEDTAVYY CARDRGE O YT DEWGRGTLV TV SSGGGGSGGGGSGGGGSOSALTOP
ASVSGSPGOSITISC i INSEVGUYNET SWYOQOHPGRKAPKIMIY DY SORESGVSDRESGSKSG
NTASLISGLOADDEADYYCESYGSSSTEIFGGGTIKVTTL

where the variable region of the light chain is:
SEQ ID NO: 49

DILLTOSPVILSVSPGERVSFSCEASSH LN
GIDFTLSINSVESEDIADYYC{); FGCGTIKLEIK

where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 25), CDR2 (SEQ ID NO: 26), and CDR3 (SEQ ID NO: 27),
respectively.

The variable region of the heavy chain in the structural
domain of the single-chain Fv (scFv) is:
SEQ ID NO: 50
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SYKGRFTISRDDAKNSLYLOMNSLRAEDTAVYYCARDR VG YFIEWGRGTLVIVSS
where the underlined portions are, from left to right, CDR1
(SEQ ID NO: 32), CDR2 (SEQ ID NO: 33), and CDR3 (SEQ ID NO: 34),

respectively.

The variable region of the light chain in the single-chain
Fv (scFv) structural domain is:
SEQ ID NO: 51
QSALTOPASVSGSPGOSHISC {5 S8 FGGENE
FSGSKSGNTASLISGLOADDEADY YOS YUSSSIHEIFGGGTKY TV,

FEWYQQHPGKAPKIMIY D ESORESGVSDR

where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 35), CDR2 (SEQ ID NO: 36), and CDR3 (SEQ ID NO: 37),
respectively.

Nucleic acid coding sequence for heavy chains

SEQ ID NO: 11

CAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCCCTCACAGAGCCTGTC
CATCACCTGCACAGTCTCTGGTTITCTCATTAACTAACTATGGTGTACACTGGGTTCGC
CAGTCTCCAGGAAAGTGCCTGGAGTOGCTGOGAGTGATATGGAGTGGTGGAAACAC
AGACTATAATACACCTTTCACATCCAGACTGAGCATCAACAAGGACAATTCCAAGA
GCCAAGTTTTCTTTAAAATGAACAGTCTGCAATCTAATGACACAGCCATATATTACT
GTGCCAGAGCCCTCACCTACTATGATTACGAGTTTGCTTACTGGGGCCAAGGGACTC
TGGTCACTGTCTCTGCTGCTAGCACCAAGGGCCCATCGOTCTTCCCCCTGGCACCCT
CCTCCAAGAGCACCTCTGOGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTAC
TTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCA
CACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGAC
CGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCC
CAGCAACACCAAGGTGGACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACA
CATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCC

CCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTG
GTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACG
TACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGA
GTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCT
CCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGG
GATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCC
AGCGACATCGCCGTGGAGTGGGAGAGUAATGGGCAGCCGGAGAACAACTACAAGA
CCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCAAGCTCACCGT
GGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGG
CTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTTAA

Amino acid sequence of the heavy chain
SEQ ID NO: 12
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QVOLKEOSGPGIVOPSOSISITCTVSGESLINY GEHWVROSPGRCIEWTL G SO NTI PN
FESRILSINKDNSKSQVFERMNSLOSNDTAIYYCAR A I T Y Y EFATWGOGTLVTVSAASTKGPS
VFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOQSSGLYSLSS
VVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVELFP
PKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRYV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPTEKTISK AKGQPREPQVYTLPPSRDELTKN
QVSLTCLVKGFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTOKSLSLSPG

where the variable region of the heavy chain is:

SEQ ID NO: 52

QVOLKQOSGPGLYOPSOSLSITCTVSGESLINY GEHWVROSPGKCLEWLGE FSGUNTOYNIT
FISRLSINKDNSKSQVFFKMNSLOSNDTAIVYCARZL I Y Y Y EE A WGOGTLVTVSA

where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 29), CDR2 (SEQ ID NO: 30), and CDR3 (SEQ ID NO: 31),

respectively.

(3) Expression and purification of S1-1x24 antibody: a
similar method was followed for the expression and
purification of SI1-1x24 antibody.

Antibody S1-1x24:

Light chain nucleic acid coding sequence

SEQ ID NO: 13

GACATCTTGCTGACTCAGTCTCCAGTCATCCTGTCTGTGAGTCCAGGAGAAAGAGTC
AGTTTCTCCTGCAGGGCCAGTCAGAGTATTGGCACAAACATACACTGGTATCAGCAA
AGAACAAATGOTTCTCCAAGGCTTCTCATAAAGTATGCTTCTGAGTCTATCTCTGGG
ATTCCTTCCAGGTTTAGTGGCAGTGGATCAGGGACAGATTTTACTCTTAGCATCAAC
AGTGTGUAGTCTGAAGATATTGCAGATTATTACTGTCAACAAAATAATAACTGGCCA
ACCACGTTCGOTGCTGGOGACCAAGCTGUGAGCTCGAAACGTACGGTOGCTGCACCATC
TGTCTTCATCTICCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTG
TGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAA
CGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACA
GCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACAC
AAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAG
CTTCAACAGGGGAGAGTGTTAG

Light chain amino acid sequence
SEQ ID NO: 14
DILLTOSPYILSVSPGERVSFSCE A

SOSIGINIHWYOORINGSPRELIKY A SESISGIPSRESGSGS

SYVCLLNNFYPREAK VOWKVDNALQSGNSOESYVTEQDSKDSTYSLSSTLTLSK ADYEK
HKVYACEVTHQGLSSPVTK SENRGEC

wherein the variable region is:

SEQ ID NO: 28

HWYOORTNGSPRLLIK Y ASESISGIPSRISGSGS
..... "FGAGTKLELK

where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 25), CDR2 (SEQ ID NO: 26), and CDR3 (SEQ ID NO: 27),
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respectively.

Nucleic acid coding sequence for the construct of heavy
chain and single-chain Fv (scFv) structural domain

SEQ ID NO: 15

CAGGTGCAGCTGCAGGAGTCGGGGGGAGGCCTGGTCAAGCCTGGAGGGTCCCTGAG
ACTCTCCTGTGCAGCCTCTGGATTCACCTTTAGTAGTTATTGGATGAGCTGGGTCCGC
CAGGCTCCAGGGAAGGGGCTGGAGTGGGTGGCCAACATAAACCGCGATGGAAGTGC
GAGTTACTATGTGGACTCTGTGAAGGGCCGATTCACCATCTCCAGAGACGACGCCAA
GAACTCACTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCTGTGTATTA
CTGTGCGAGAGATCGTGGGGTGGGCTACTTCGATCTCTGGGGCCGTGGCACCCTGGT
CACCGTCTCGAGCGGTGGAGGCGGTTCAGGCGGAGGTGGTTCCGGCGGTGGCGGCT
CCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCAC
CATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTTTGTCTCCTGGTAC
CAACAACACCCAGGCAAAGCCCCCAAACTCATGATCTATGATGTCAGTGATCGGCCC
TCAGGGGTOTCTGATCGCTTCTCCGGCTCCAAGTCTGGCAACACGGUCTCCCTGATC
ATCTCTGGCCTCCAGGCTGACGACGAGGCTGATTATTACTGCAGCTCATATGGGAGCA
GCAGCACTCATGTGATTTITCGGCGGAGGGACCAAGGTGACCGTCCTAGGCGGTGGAG
GATCCGOGCOGTGGTGGATCACAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTG
CAGCCCTCACAGAGCCTGTCCATCACCTGCACAGTCTCTGGTTTCTCATTAACTAACT
ATGGTIGTACACTGUGGTTCGCCAGTCTCCAGGAAAGGUTCTGGAGTGGCTGGGAGTGA
TATGGAGTGGTGGAAACACAGACTATAATACACCTTTCACATCCAGACTGAGCATCAA
CAAGGACAATTCCAAGAGCCAAGTTTTCTTTAAAATGAACAGTCTGCAATCTAATGAC
ACAGCCATATATTACTGTGCCAGAGCCCTCACCTACTATGATTACGAGTTTGCTTACTG
GGGCCAAGGGACTCTGGTCACTGTCTCTAGCGCTAGCACCAAGGGCCCATCGGTCTT
CCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCT
GGTCAAGGACTACTTCCCCGAACCGGTGACGOTGTCOTGGAACTCAGGCGCCCTGA
CCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCA
GCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACG
TGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTGAGCCCAAATCTTGT
GACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTC
AGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGA
GGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACT
GGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAG
TACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTG
AATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGA
GAAAACCATCTCCAAAGCCAAAGGGCAGUCCCGAGAACCACAGGTGTACACCCTGC
CCCCATCCCOGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAAC
AACTACAAGACCACGCCTICCCOGTGCTUGGACTCCGACOGGCTCCTICTTCCTCTATAGCA
AGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTG
ATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGOT
TAA

Amino acid sequence of the construct of the heavy chain and
single-chain Fv (scFv) structural domain
SEQ ID NO: 16
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QVOLOESGGGLVEPGGSLRI SCAASGFIFSSY WAL WV ROAPGKGLEWVANINEDGSASTYED
SERGRETISRDDAKNSLYLOMNSLRAFED TAVY YO AR E 3 ELEWGRGTLVTVSSGGGGSG
GGGSGGGGSOSALTOPASYSGSPGOSITISC G IO GGINEFSWYOQHPGKAPKIMIY VS

LEESGUSDRIESGSKSGNTASLISGLQADDEADYY FIFGGGTEKVTTLGGOG SGG
GG SQVOLKOSGPGLVYOPSOSLSITCTIVSGIST TN Y TEWVROSPGRKGEI WL GE TSNS
NTPFESRLSINKDNSKSOVFFKMNSLOSNDTAIYYCARS L T YOV EI Ay WGOGTLVTY SSASTK
GPSVFPLAPSSKSTSGOGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY SL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPK SCDKTHTCPPCPAPELLGGPSVELE
PPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR
VVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTK
NOVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQ
GNVFSCSVMHEALHNHY TQKSLSLSPG

where the variable region of the heavy chain is:

SEQ ID NO: 38
OVOLKOSGPGLVOPSOSISI TCTVSGFSLINYGEEWIVROSPGKGLEWLG ] T SGLNIRTNTER

*TSRLSINKDNSKSOQVFFKMNSLOSNDTAIYYCARAL IV YRV EFATWGQGTLYTYSS

Where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 29), CDR2 (SEQ ID NO: 30), and CDR3 (SEQ ID NO: 31),
respectively.

The variable region of the heavy chain in the structural
domain of the single-chain Fv (scFv) is:

SEQ ID NO: 39

MRFTISRDDAKN%LYLQMSLMH)TAW YCAR; RO YRDE, WGR(JTU/ ﬂSS
where the underlined portions are, from left to right, CDR1
(SEQ ID NO: 32), CDR2 (SEQ ID NO: 33), and CDR3 (SEQ ID NO: 34),
respectively.

The variable region of the light chain in the single-chain
Fv (scFv) structural domain is:

SEQ ID NO: 40
()S'AI }’QPA S ’S'G\‘P(}Q\'H?\'("»"’ ""\"\"1‘"’&"3{5 3"*\ F \W}’()()HP(;KAPKI MIYESPRVNGVSDRE

where the underllned portions are, from left to right, CDR1
(SEQ ID NO: 35), CDR2 (SEQ ID NO: 36), and CDR3 (SEQ ID NO: 37),
respectively.
Example 92
1) Expression and purification of SI-1x4 antibody:

(Shanghai OPM Biosciences Co., Ltd.) suspension cells were
used to express SlI-1x4 antibody. The day before transfection,
cells were iInoculated at a density of 0.9x106 cells/mL in a 1L
shake flask containing 300 mL of OPM-293 CDO5 Medium (81075-
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001, Shanghai OPM Biosciences Co., Ltd.), and cultured overnight
at 37°C, 5% CO2, and 120 rpm in a cell culture shaker. On the
next day, the antibody expression plasmid was transfected with
PEI-MAX, wherein the mass ratio of plasmid:PEI-MAX was 1:3.
OPM-293 ProFeed supplement was added at 5% (v/v) on the first
day after transfection, and then again at 5% (v/v) on the third
day after transfection, and then centrifugation was performed
to collect the supernatant on the sixth day after transfection.

The collected cell expression supernatant was collected and
eluted with 0.05 M sodium acetate (pH 3.6) in a Protein A
affinity chromatography column (UniMab 50, Suzhou Nanomicro
Technology Co., Ltd.), and the captured antibody was adjusted
to pH 7.0 with 1 M Tris-HCI (pH 8.8) at 0.7/10 (v/v), and then
passed through a gel Tfiltration chromatography column SEC
(Superdex 200, GE) to remove impurities such as polymers, while
the antibody buffer was replaced with 20 mM PB (pH 6.5).

Antibody SI1-1x4:

Light chain nucleic acid coding sequence

SEQ ID NO: 5

GATATTCAAATGACTCAATCTCCTTCTTCTCTTTCTOCTTCTOTTGGTGATCGTGTTACT
ATTACTTGTCGTTCTTCTCAAAATATTGTTCATTCTAAT GGTAATACTTATCTTGATTGGT
ATCAACAAACTCCTGGTAAAGCTCCTAAACTTCTTATTTATAAAGTTTCTAATCGTTTT
TCTGGTGTTCCTTCTCGTTTTICTGGTTICTGGTTCTGGTACTGATTTITACTTTTACTATT
TCTTCTCTTCAACCTGAAGATATTGCTACTTATTATTGTTTTCAATATTCTCATGTTCCTT
GGACTTTTGGTCAAGGTACTAAACTTCAAATTACTCGTACGGTGGCTGCACCATCTGT
CTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGC
CTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCC
CTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCAC
CTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAG
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCA
ACAGGGGAGAGTGTTAG

Light chain amino acid sequence
SEQ ID NO: 6

DIOMTOSPSSLSASVGDRY TITCHSSUNIEHSNGN T LOWYQOTPGRAPKLLIVE T SNRESGYP
SRESGSGSGTDETFTISSLOPEDIATYYCEOVSHEE W TFGOGTKLOITRTVAAPSVEIFPPSDEQ
LKSGTASVVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSK
ADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

wherein the variable region is:
SEQ ID NO: 44

DIOMTOSPSSLSASYGDRY TITCRSSONILHSNGN T 1L EWYOOTPGRKAPKLLIVK L SN RESGIP
SRESGSGSGTDFTFTISSLOPEDIATYYCEGY SHU P ITGOGTKLOIT
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where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 41), CDR2 (SEQ ID NO: 42), and CDR3 (SEQ ID NO: 43),

respectively.

Nucleic acid coding sequence for the construct of the heavy
chain and single-chain Fv (scFv) structural domain
SEQ ID NO: 7

CAGGTGCAGCTGCAGCAGAGCGGCGCCGAGGTGAAGAAGCCCGGCAGCAGCGTGA
AGGTGAGCTGCAAGGCCAGCGGCTACACCTTCACCAACTACTACATCTACTGGGTGC
GGCAGGCCCCCGGCCAGGGCCTGGAGTGGATCGGCGGCATCAACCCCACCAGCGGC
GGCAGCAACTTCAACGAGAAGTTCAAGACCCGGGTGACCATCACCGCCGACGAGAG
CAGCACCACCGCCTACATGGAGCTGAGCAGCCTGCGGAGCGAGGACACCGCCTTCTA
CTTCTGCACCCGGCAGGGCCTGTGGTTCGACAGCGACGGCCGGGGCTTCGACTTCTG
GGGCCAGGGCACCACCGTGACCGTGAGCAGCGCTAGCACCAAGGGCCCATCGGTCT
TCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCC
TGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGA
CCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCA
GCAGCGTOGTGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACG
TGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTGAGCCCAAATCTTGT
GACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTC
AGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGA
GGTCACATGCGTGGTGOGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACT
GGTACGTGGACGGCOGTGCGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAG
TACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCOGTCCTGCACCAGGACTGGCTG
AATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGA
GAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGC
CCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAG

GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAAC
AACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCA
AGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTG
ATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGT
GGCGGTGGAGGGTCCGGCGGTGGTGOATCACAGGTGCAATTGCAGGAGTCGGGGGG
AGGCCTGGTCAAGCCTGGAGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCAC
CTTTAGTAGTTATTGGATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTG
GGOGTGGCCAACATAAACCGCGATGGAAGTGCGAGTTACTATGTGGACTCTGTGAAGGG
CCGATTCACCATCTCCAGAGACGACGCCAAGAACTCACTGTATCTGCAAATGAACAG
CCTGAGAGCTGAGGACACGGCTGTGTATTACTGTGCGAGAGATCGTGGGGTGGGCTA
CTTCGATCTCTGGGGCCGTGGCACCCTGGTCACCGTCTCGAGCGGTGGAGGCGGTTC
AGGCGGAGGTGGTTCCGGCGGTGGCGGCTCCCAGTCTGCCCTGACTCAGCCTGCCTC
CGTOTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGA
COTTGOTGGTTATAACTTTGTCTCCTGGTACCAACAACACCCAGGCAAAGCCCCCAA
ACTCATGATCTATGATGTCAGTGATCGGCUCCTCAGGGGTGTCTGATCGCTTCTCCGGC
TCCAAGTCTGGCAACACGGCCTCCCTGATCATCTCTGGCCTCCAGGCTGACGACGAG
GCTGATTATTACTGCAGCTCATATGGGAGCAGCAGCACTCATGTGATTTTCGGCGGAG
GGACCAAGGTGACCGTCCTATAA

Amino acid sequence of the construct of heavy chain and
single chain Fv (scFv) structural domain
SEQ ID NO: 8
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QFOLOOSGALTKKPGSSFRVSCEASGYIHENY VY WTVROAPGOGLEWIG NS {SGGSNENE
NENTRVITTADESS TIAYMRILSSERSED TAFYFCEROCGE B EDNDGRGEDEWGOGTTVTVSSAS

TKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVYVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPK SCDKTHTCPPCPAPELL GGPS

VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOQVYTLPPSRD
ELTKNQVSLTCLVKGFYPSDIAVEWE SNGOQPENNYKTTPPVLDSDGSFFLY SKLTVDKSR
WOQQGNVFSCSVMHEALHNHYTQKSLSLSPGGGGGSGGGGSUFOLOLESGGGLVKPGGSE
RLSCAASGE T SSY WAISWYVROAPGRKGELEW VAN IN R AN Y VDT KGRI TISRDDAKNSTYE
OMNSLRAEDTAVY YCAR ARG Y G VT I WGRGTLVIVSSGGGGSGGGGSGGGGSOSALTOPAS
VSGSPGOSITISC T IS GG WYQOHPGKAPKIMIY VR PSCVSDRESGSKSGNT
ASLHSGLOADDEADYYCSSYCASSTHPAGUGGTEVTTL

where the variable region of the heavy chain is:
SEQ ID NO: 48

£y

RERERVTHADESSTIAYMELSSLRSEDTAFYFCOIROGCGE R EENDGRGEDEWGOGTTIVITSS

where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 45), CDR2 (SEQ ID NO: 46), and CDR3 (SEQ ID NO: 47),
respectively.

The variable region of the heavy chain in the structural
domain of the single-chain Fv (scFv) is:
SEQ ID NO: 39

OVOLOESGCGGLVKPGGSLRLESCAASGI TISSYWAISWVRQAPGKGLEWVANENRDGAASY Y ED
SMRGRFTISRDDAKNSLYLOMNSLRAEDTAVYYCARRG Y GYEDLWGRGTLVTVSS

where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 32), CDR2 (SEQ ID NO: 33), and CDR3 (SEQ ID NO: 34),
respectively.

The variable region of the light chain in the single-chain
Fv (scFv) structural domain is:

SEQ ID NO: 40

QSALTOPASVSGSPGOSTTISC G TS EGGYNIESWYQOHPGR APKIMIY GV EDRESGVSDRE

SGSKSGNTASLIISGLOADDEADYYCSSYCSSYTHVIFGGGTIRVYTVE

where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 35), CDR2 (SEQ ID NO: 36), and CDR3 (SEQ ID NO: 37),
respectively.

2) Expression and purification of S1-1x25 antibody: a
similar method was followed for the expression and
purification of SI1-1x25 antibody.

Antibody SI-1 x 25:
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Nucleic acid coding sequence for the construct of light
chain and single-chain Fv (scFv) structural domain
SEQ ID NO: 17

CAGGTGCAGCTGCAGGAGTCGGGGGGAGGCCTGGTCAAGCCTGGAGGGTCCCTGAG
TCTCTCCTGTGCAGCCTCTGGATTCACCTTTAGTAGTTATTGGATGAGCTGGGTCCGCC
AGGCTCCAGGGAAGGGGCTGGAGTGGUTGGCCAACATAAACCGCGATGGAAGTGCG
AGTTACTATGTGGACTCTGTGAAGGGCCGATTCACCATCTCCAGAGACGACGCCAAG
AACTCACTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCTGTGTATTAC
TGTGCGAGAGATCGTGGGGTGGGCTACTTCGATCTCTGGGGCCGTGGCACCCTGGTC
ACCGTCTCGAGCGGTGGAGGCGGTTCAGGCGGAGGTGOGTTCCGGCGGTGGCGGCTC
CCAGTCTGCCCTGACTCAGCCTGCCTCCGTOTCTOGGGTCTCCTGGACAGTCGATCACC
ATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTTTGTCTCCTGGTACC
AACAACACCCAGGCAAAGCCCCCAAACTCATGATCTATGATGT CAGTGATCGGCCCT
CAGGGGTGTCTGATCGCTTCTCCGGCTCCAAGTCTGGCAACACGGCCTCCCTGATCAT
CTCTGGCCTCCAGGCTGACGACGAGGCTGATTATTACTGCAGCTCATATGGGAGCAGC
AGCACTCATGTGATTTTCGGCGGAGGGACCAAGGTGACCGTCCTAGGCGGTGGAGG
ATCCGGCGGTGGTGGATCAGACATCTTGCTGACTCAGTCTCCAGTCATCCTGTCTGTG
AGTCCAGGAGAAAGAGTCAGTTTCTCCTGCAGGGCCAGTCAGAGTATTGGCACAAA
CATACACTGGTATCAGCAAAGAACAAATGGTTCTCCAAGGCTTCTCATAAAGTATGCT
TCTGAGTCTATCTCTGGGATTCCTTCCAGGTTTAGTGGCAGTGGATCAGGGACAGATT
TTACTCTTAGCATCAACAGTGTGGAGTCTGAAGATATTGCAGATTATTACTGTCAACA
AAATAATAACTGGCCAACCACGTTCGGTTGTGGGACCAAGCTGGAGCTGAAACGTAC
GGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGA
ACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGT
GGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGCGAGAGTGTCACAGAGCAG
GACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAGCAGA
CTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCC
COGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG

Amino acid sequence of construct of light chain and single-
chain Fv (scFv) structural domain
SEQ ID NO: 18

OQVOLORSGGGLVRPGOGSLESLSCAASGETESS FASWYVROAPGR GEFWVANTNEDGRAS T
SERCGRETISRDDAKNSLYLOMNSLRALDIAVYYCAR MR VG VEFH WOGRGHLVTVSSGGGGSG
GGGSGGGGSOSAL TOPASVSGSPGOSTTINC (G {88 GENE Y SWYQQHPGRKAPKIMIY A S
LRPSGVSDRESGSKSGNTASLIISGLOADDEADYYCSSY OSSN HPIFGGGTKY TV GGGGSGG
GGSDILLTOSPVILSVSPGERVSESCH: NIHWYOORINGSPRELIK (ASESISGIPSRESG
SGSGTDFTLSINSVESEDIADYYC Y ONNNIE FIFGCGTKLELKRTVAAPSVFIFPPSDEQLKS
GTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKAD

YEKHKVYACEVTHQGLSSPVTKSFNRGEC
10 where the variable region of the light chain is:

SEQ ID NO: 49

DHLLTOSPVILSVSPGERVSFSCEA
GIDFTLSINSVESEDIADYYC )

where the underlined portions are, from left to right, CDR1
(SEQ ID NO: 25), CDR2 (SEQ ID NO: 26), and CDR3 (SEQ ID NO: 27),

15 respectively.

FINIEWYOQRTNGSPRELLIK Y ASESINGIPSRESGSGS
fTFGCGTRLELK
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The variable region of the heavy chain in the structural
domain of the single-chain Fv (scFv) is:
SEQ ID NO: 50

where the underlined portions are, from left to right, CDR1
(SEQ ID NO: 32), CDR2 (SEQ ID NO: 33), and CDR3 (SEQ ID NO: 34),
respectively.

The variable region of the light chain in the single-chain
Fv (scFv) structural domain is:

SEQ ID NO: 51

OSALTOPASVSGSPGOSITISCIG ISSRVGOYNNE,

S{HVIFGGGTRKVIVE

where the underlined portions are, from left to right, CDR1
(SEQ ID NO: 35), CDR2 (SEQ ID NO: 36), and CDR3 (SEQ ID NO: 37),
respectively.

Nucleic acid coding sequence for the heavy chain
SEQ ID NO: 19

CAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCCCTCACAGAGCCTGTC
CATCACCTGCACAGTCTCTGGTTTCTCATTAACTAACTATGGTGTACACTGGGTTCGC
CAGTCTCCAGGAAAGTGCCTGGAGTOGGCTGGGAGTGATATGGAGTGGTGGAAACAC
AGACTATAATACACCTTTCACATCCAGACTGAGCATCAACAAGGACAATTCCAAGA
GCCAAGTTTTCTTTAAAATGAACAGTCTGCAATCTAATGACACAGCCATATATTACT
GTGCCAGAGCCCTCACCTACTATGATTACGAGTTTGCTTACTGGGGCCAAGGGACTC
TGGTCACTGTCTCTGCTGCTAGCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCT
CCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTAC
TTCCCCGAACCGOGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGLGCGTGCA
CACCTTCCCGGCTGTCCTACAGTCCTCAGUGACTCTACTCCCTCAGCAGCGTGGTGAC
COGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCC
CAGCAACACCAAGGTGGACAAGAGAGTTGAGCCCAAATCTTGTGACAAAACTCACA
CATGCCCACCUTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCC
CCCCAAAACCCAAGGACACCCTCATOGATCTCCCGGACCCCTGAGGTCACATGCGTG
OGTGGTOGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACG
TACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGA
GTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCT
CCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGG
GATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCC
AGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGA
CCACGCCTCCCOTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCAAGCTCACCGT
GGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGG
CTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTTAA

Amino acid sequence of the heavy chain
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SEQ ID NO: 20

OVOLKOSGPGLYOPSOSLSITCTVSGESLINY G EHWVROSPGKCLEWLG FIFFESGUNTOYNIT
FISRLSINKDNSKSOVIT KMNSTLOSNDTAIYYCAR AL £ P v EEAYWGOGTLVTVSAASTKGPS
VFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSS
VVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELL GGPSVELEFP
PKPKDTLMISRTPEVTCVVVDVSHEDPEVKINWY VDGVEVHNAKTKPREEQYNSTYRYV

VSVLTVLHODWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREPOVYTLPPSRDELTKN
QVSLTCLVKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGSFFLY SKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPG

where the variable region of the heavy chain is:
SEQ ID NO: 52

CTERLSINKDNSKSQVFI KMNSLOSNDTAIYYCARAL FY Y Vi Ay WGOGTLVTY SA

where the underlined portions are, from left to right, CDR1

(SEQ 1D NO: 29), CDR2 (SEQ ID NO: 30), and CDR3 (SEQ ID NO: 31),
respectively.

(3) Expression and purification of SI1-1x26 antibody: a
similar method was followed for the expression and
purification of SI1-1x26 antibody.

Antibody SI1-1x26:

Nucleic acid coding sequence for the construct of light
chain and single-chain Fv (scFv) structural domain

SEQ ID NO: 21
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GATATTCAAATGACTCAATCTCCTTCTTCTCTTTCTGCTTCTGTTGGTGATCGTGTTACT
ATTACTTGTCGTTCTTCTCAAAATATTGTTCATTCTAATGGTAATACTTATCTTGATTGGT
ATCAACAAACTCCTGGTAAAGCTCCTAAACTTCTTATTTATAAAGTTTCTAATCGTTTT
TCTGGTGTTCCTTCTCGTTTTTCTGGTTCTGGTTCTGGTACTGATTTTACTTTTACTATT
TCTTCTCTTCAACCTGAAGATATTGCTACTTATTATTGTITTCAATATTCTCATGTTICCTT
GGACTTTTGGTTGCGGTACTAAACTTCAAATTACTCGTACGGTGGCTGCACCATCTGT
CTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGC
CTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCC
CTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCAC
CTACAGCCTCAGCAGCACCCTGACGCTCGAGCAAAGCAGACTACGAGAAACACAAAG
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCA
ACAGGGUAGAGTGTGGTGGCGGCOGAAGTOGGCGOGTGOGAGGATCCGGCGGTGOTGO
ATCACAGOGTGCAGCTGCAGGAGTCGLGOGGGAGOGCCTGGTCAAGCCTGGAGGGTCCC
TGAGTCTCTCCTGTGCAGCCTCTGGATTCACCTTTAGTAGTTATTGGATGAGCTGGGT
CCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTGGCCAACATAAACCGCGATGGAA
OGTGCGAGTTACTATGTGGACTCTGTGAAGGGCCGATTCACCATCTCCAGAGACGACG
CCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCTGTGT
ATTACTGTGCGAGAGATCGTGGGGTGGGCTACTTCGATCTCTGGGGCCGTGGCACCCT
GGTCACCGTCTCGAGCGGTGGAGGCGGTTCAGGCGGAGGTGGTTCCGGCGGTGGCG
GCTCCCAGTCTGCCCTGACTCAGCCTGCCTCCOGTGTCTGGGTCTCCTGGACAGTCGAT
CACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTTTGTCTCCTGG
TACCAACAACACCCAGGCAAAGCCCCCAAACTCATGATCTATGATGTCAGTGATCGG
CCCTCAGGGGTGTCTGATCGCTTCTCCOGGCTCCAAGTCTGGCAACACGGCCTCCCTG
ATCATCTCTGGCCTCCAGGCTGACGACGAGGCTGATTATTACTGCAGCTCATATGGGA
GCAGCAGCACTCATGTGATTTTCGGCGGAGGGACCAAGGTGACCGTCCTATAA

Amino acid sequence of the construct of light chain and
single-chain Fv (scFv) structural domain
SEQ ID NO: 22

DIOMTOSPSSLSASVGDRV TTTCESSONIFHINGN VL DWYQOTPGRKAPKLLIY A FSNRFSGYP
SRESGSCGSGTDFTFTISSLOPEDIATYYCHOY SHEPWIFGCGTKLOITRTVAAPSVFIFPPSDEQ
LKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSK
ADYEKHKVYACEVTHQGLSSPVTKSFNRGECGGGGSGGGGSGGGGSQYOLORSGOGGLY
KPGGSLSLSCAASGFTFS Sy B AMISWVROAPGKGLEWVANINR O GSASY Y EDSVRGRFTISRDDA
KNSLYLOMNSLRAED TAVY VOARDGRGE G YEDIWOGRGTLITYSSGGGGSGGGGSGGGGES 54
LTQPASVSGSPGOSITISC Y (G iSE Gl Y NE VSWYQQOHRPGKAPKIMIY 3 SORESGVSDRESGS

KSGNTASLUSGLOADDEADYYCASYGSSTHVIFGGGTRVIVE

where the variable region of the light chain is:
SEQ ID NO: 53

DIOMIOSPSSLSASVGDRV HTCESSONIEHSNGN e‘ YLLWYQOTPGKAPKLLIYE ESKRESGYF
SRFSGSGSOTDFTFTISSLOPEDIATYYC*{_;e d: '.,{FGCGTKLQIT

where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 41), CDR2 (SEQ ID NO: 42), and CDR3 (SEQ ID NO: 43),
respectively.

The variable region of the heavy chain in the structural
domain of the single-chain Fv (scFv) is:
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SEQ ID NO: 50

where the underlined portions are, from left to right, CDR1
(SEQ ID NO: 32), CDR2 (SEQ ID NO: 33), and CDR3 (SEQ ID NO: 34),
respectively.

The variable region of the light chain in the single-chain
Fv (scFv) structural domain is:

SEQ ID NO: 51

QOSALTQPASVSGSPGOSTHISC SN GGY
SGSKSGNTASLISGLQADDEADY Y(

FSWYQQOHPGKAPKIMIYESRENGEVSDRE

where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 35), CDR2 (SEQ ID NO: 36), and CDR3 (SEQ ID NO: 37),

respectively.

Nucleic acid coding sequence for the heavy chain
SEQ ID NO: 23

CAGGTGCAGCTGCAGCAGAGCGGCGCCGAGGTGAAGAAGCCCGGCAGCAGCGTGA
AGGTGAGCTGCAAGGCCAGCGGCTACACCTTCACCAACTACTACATCTACTGGGTGC
GGCAGGCCCCCOGCCAGTOTCTOGAGTGGATCGGCGGCATCAACCCCACCAGCGGC
GGCAGCAACTTCAACGAGAAGTTCAAGACCCGGGTGACCATCACCGCCGACGAGAG
CAGCACCACCGCCTACATGGAGCTGAGCAGCCTGCGGAGCGAGGACACCGCCTTCTA
CTTCTGCACCCGGCAGGGCCTGTGGTTCGACAGCGACGGCCGGGGCTTCGACTTICTG
GGGCCAGGGCACCACCGTGACCOTGAGCAGCGCTAGCACCAAGGGCCCATCGGTCT
TCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGOGGGGCACAGCGGCCCTGGGCTGCC
TGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGA
CCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCA
GCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACG
TGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAGAGTTGAGCCCAAATCTTGT
GACAAAACTCACACATGCCCACCUGTGCCCAGCACCTGAACTCCTGGGGGGACCGTC
AGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGA
GGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACT
GGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAG
TACAACAGCACGTACCGTGTGOGTCAGCGTCCTCACCOGTCCTGLCACCAGGACTGOGCTG
AATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGA
GAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGC
CCCCATCCCGGGATGAGCTGACCAAGAACCAGUTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAAC
AACTACAAGACCACGCCTCCCOGTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCA
AGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTG
ATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGT
TAA

Amino acid sequence of the heavy chain
SEQ ID NO: 24
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QVOLOOSGALVKEPGSSFKVSCKASGYIFIN Y VIV IWVROAPGOCLEWIG INE S5GGISNENE
REXNIRVITTADESSTTAYMET SSLRSEDTAFYFCTR ¥ LW DS G RGN WGOGTTVITSSAS
TKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPK SCDK THTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRD
ELTKNQVSLTCLVKGEF YPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSR
WOOQGNVFSCSVMHEALHNHYTOQKSLSLSPG

where the variable region of the heavy chain is:
SEQ ID NO: 54

KEETRVTTTADESS TTAYMELSSLRSEDTAFYFC

(JGLWEINIRGR I WGOGTTVTVSS

where the underlined portions are, from left to right, CDR1
(SEQ 1D NO: 45), CDR2 (SEQ ID NO: 46), and CDR3 (SEQ ID NO: 47),
respectively.

Example 93

1) A sample of SI-1x6.4 antibody-drug conjugate was prepared
by coupling S1-1x6.4 antibody with payload:

After cellular expression and purification by Protein A
affinity chromatography and molecular sieve chromatography, the
SI-1x6.4 antibody was replaced in 20 mM PB, pH 6.5 buffer, and
the SI1-1x6.4 antibody was concentrated or diluted to a protein
concentration of 3 mg/mL. The payload was a white powder, which
was dissolved to 20 mg/mL using DMA and set aside. To open the
interchain disulfide bonds of SI-1x6.4 antibody, 20-fold TECP
was first added according to the molecular ratio and a reaction
was performed at room temperature for 3 h. Then 20-fold payload
solution was added according to the molecular ratio and a
reaction was performed at room temperature for 1 h. After the
reaction was completed, the payload that was not coupled to SI-
1x6.4 was removed by ultrafiltration using a 30 KDa
ultrafiltration centrifuge tube, and the SI1-1x6.4 antibody-drug
conjugate sample was thus obtained.

2) A sample of SI1-1x22 antibody-drug conjugate was
prepared by coupling SI1-1x22 antibody with payload following a
similar method.

3) A sample of SI1-1x24 antibody-drug conjugate was
prepared by coupling SI1-1x24 antibody with payload following a

similar method.
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Example 94
1) A sample of Sl1-1x4 antibody-drug conjugate was prepared
by coupling S1-1x4 antibody with payload:
After cellular expression and purification by Protein A
5 affinity chromatography and molecular sieve chromatography, the
SI-1x4 antibody was replaced in 20 mM PB, pH 6.5 buffer, and
the SI-1x4 antibody was concentrated or diluted to a protein
concentration of 3 mg/mL. The payload was a white powder, which
was dissolved to 20 mg/mL using DMA and set aside. To open the
10 interchain disulfide bonds of S1-1x4 antibody, 20-fold TECP was
first added according to the molecular ratio and a reaction was
carried out at room temperature for 3 h. Then, 20-fold payload
solution was added according to the molecular ratio and a
reaction was carried out at room temperature for 1 h. At the
15 end of the reaction, the payload that was not coupled with SI-
1x4 was removed by ultrafiltration wusing a 30 KbDa
ultrafiltration centrifuge tube to obtain a sample of SI-1x4
antibody-drug conjugate.
2) A sample of SI-1x25 antibody-drug conjugate was
20 prepared by coupling SI-1x25 antibody with payload following a
similar method.
3) A sample of SI-1x26 antibody-drug conjugate was
prepared by coupling SI1-1x26 antibody with payload following a
similar method.
25 Example 95
ADC-1 was prepared according to the general-purpose coupling
method of Example 93,

o v 0 g 9
S1-1:6.4-1 N N~ o
e

ADC-1 =

Example 96
30 ADC-2 was prepared according to the general-purpose coupling
method of Example 93,
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SI-1x6.4-1 N@)L N\)J\ N ~o o]
ey

Example 97

ADC-3 was prepared according to the general-purpose coupling
method of Example 93,

wwkgffgmwmvkw

5 ADC-3 ;
Example 98
ADC-4 was prepared according to the general-purpose coupling
method of Example 93,
spueA-(}ﬁi?iuwn\)?\H o HJH/\OX%O
10 Example 99

ADC-5 was prepared according to the general-purpose coupling
method of Example 93,

a H
sk16.4 N N\)L \)L ~
?{fj\u/\[g N 19 N

L ADC-5

Example 100

15 ADC-6 was prepared according to the general-purpose coupling
method of Example 93,
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Example 101
ADC-7 was prepared according to the general-purpose coupling
method of Example 93,

5 ADC-7

Example 102
ADC-8 was prepared according to the general-purpose coupling
method of Example 93,

CH.

0
o o] o
S|-1x6.4/§ﬁ@)LN/\WH\)kN & HQLHAO
° i\NHH ° noo

]
(@) 0
HN

kCOOH

n
ADC-8 =

10 Example 103
ADC-9 was prepared according to the general-purpose coupling
method of Example 93,

Sl-1x6.4—

Example 104
15 ADC-10 was prepared according to the general-purpose coupling
method of Example 93,
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Example 105

ADC-11 was prepared according to the general-purpose coupling

method of Example 93,

jo)
o] o o CF3
H H ¢
SHXGA‘q ®) N/WNJ!\N ©) NQS\H/\O o °
o H o H o HN
C

COOH

5 ADC-11
Example 106
ADC-12 was prepared according to the general-purpose coupling
method of Example 93,

CFs

o
0 9 v oQ :
SMXGA‘%QJ)LNWH\)J\N o NJ]\N/\O@YO
o iNHH o H oo A

HN

COOH

ADC-12 =
10 Example 107
ADC-13 was prepared according to the general-purpose coupling

method of Example 93,

o
o [¢] 9
H H
14641 M _o
SI-1x6.4 q . N/\(NQKN S NVLKH/\O
o H o H o HN
NH
N Z

COOH

ADC-13

Example 108
15 ADC-14 was prepared according to the general-purpose coupling
method of Example 93,

SI-1x6.4-




Example 109
ADC-15 was prepared according to the general-purpose coupling
method of Example 93,

COOH

NH
o 7 H\i H{)j\ H o\X(O
N S ~
spnsA-&% ﬁ/T : H/\g o
o

ADC-15

5 Example 110
ADC-16 was prepared according to the general-purpose coupling
method of Example 93,

o ™ DB oﬂfo
N )
SI-““\&N&GJO ”/\g : N/\No( - HN
(o]

Example 111
10 ADC-17 was prepared according to the general-purpose coupling
method of Example 93,

o o o
H H
6.4 ; 0
S-1:6.4 q,; N/ﬁ(N\)LN P LN
R

ADC-17

Example 112
ADC-18 was prepared according to the general-purpose coupling
15 method of Example 93,

o
o o 9
H H
i o
SI-1x6.4 g@J\NWNQKN 5 NJ&NAOQf
S H H H
Q HN
o o
NH

COOH N

ADC-18

Example 113
ADC-19 was prepared according to the general-purpose coupling
method of Example 93,
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Example 114
ADC-20 was prepared according to the general-purpose coupling
method of Example 93,

N S)
spneA—&i‘sl NY TN YT
o o o
o

5 — ADC-20
Example 115
ADC-21 was prepared according to the general-purpose coupling
method of Example 93,

o o o
H H { }
i o
SI-1x6.4 qﬁ, N/H(NVKN S NQKN/\O
o L) H oo H @

ADC-21

10 Example 116
ADC-22 was prepared according to the general-purpose coupling
method of Example 93,

o

o o o

Si-1x6.4 N@/MN/\(HJJ\N 5 H\)J\N/\o; e

S OH H H HN
] “NH [¢] o

kCOOH

ADC-22

Example 117
15 ADC-23 was prepared according to the general-purpose coupling
method of Example 93,

— COOH ]

N N N_©O o
a-ueA—&fR’\fg %HAOW : HA[)( e
o

HN




Example 118
ADC-24 was prepared according to the general-purpose coupling
method of Example 93,

N
; /(ff

slxea- N
o

o]

ADC-24

5 Example 119
ADC-25 was prepared according to the general-purpose coupling
method of Example 93,

o CH,
o v 9 0 ©
S1:6.41_Nr N/\(NJJ\N S N%H/\O 50
o H § H o HN
NH
N o

COOH

ADC-25

Example 120
10 ADC-26 was prepared according to the general-purpose coupling
method of Example 93,

CH3

o
o Q n ©

SI-1:6.4 NJ?J)LN/WH\)\N 5 N%NAO/E(O
LMoo Hoo .

®
5 HN

NH

ADC-26

Example 121
ADC-27 was prepared according to the general-purpose coupling
15 method of Example 93,v

o o [e] z
H H :
smxsqu N/WN\)\N 5 NQK”AO O
o H g H o HN

ADC-27

Example 122
ADC-28 was prepared according to the general-purpose coupling
method of Example 93,
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ADC-28

Example 123
ADC-29 was prepared according to the general-purpose coupling
method of Example 93,

Sl-1x6.4-7

Example 124
ADC-30 was prepared according to the general-purpose coupling
method of Example 93,

o
H
sk1x6.4-K N gl N
ey

10 Example 125
ADC-31 was prepared according to the general-purpose coupling
method of Example 93,

o o H
H :
spne.kg,? N/\(NJkNrs) NQ(H/\O(R
Sohw o T f B3
N

ADC-31

Example 126
15 ADC-32 was prepared according to the general-purpose coupling
method of Example 93,

o /©
o o [e] H
H H :
SI-1x6.4 q@))\N/\WNJKN o NVU\N/\O O
6 LMo AR H HN

SNH

LCOOH

o
— ADC-32 —n

Example 127
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ADC-33 was prepared according to the general-purpose coupling
method of Example 93,

o
o o} o
H H
«6.4-1 I 0
SI-1x6.4 q@)\NWNQ&N (S) N\)ij/\O ®
H H H
o = f o 0o HN
~N

NH
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— ADC-33 —n

Example 128

5 ADC-34 was prepared according to the general-purpose coupling
method of Example 93,

J ° o} e} M) V

SI-1x6.4 ?ﬁ@)i\u/\grl%u 5 I NVMNAO (R:-‘N )

NH

kCOOH

Example 129

ADC-35 was prepared according to the general-purpose coupling
10 method of Example 93,

o AN
o o] o] z
H H :
i o
SI-1x6.4 qMN/\WNJLN 5 N ~o@
H H H
o) i H g o) HN
~
NH

Example 130
ADC-36 was prepared according to the general-purpose coupling
method of Example 93,

o
o o] v 9
spwe.r%@kh‘/\wn%’q o N\)LNAO/(Q
o "o fo ;

HN

NH

15 Avc.3s ';
Example 131
ADC-37 was prepared according to the general-purpose coupling
method of Example 93,
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Example 132
ADC-38 was prepared according to the general-purpose coupling

method of Example 93,

o)
o 0 9
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HN
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NH

HO. ® OH o)
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Example 133
ADC-39 was prepared according to the general-purpose coupling

method of Example 93,

CHy

°, o °
H H
| fo}
Sl-1-6.4 q@ﬂLN N Ay Nﬁm/\o%s)\(
SOH H HN
o (e} o
“NH

N
HOMOH 0
o o A

Example 134
ADC-40 was prepared according to the general-purpose coupling

10

method of Example 93,

CHs

o

o] o] o
H H
i o
SI-1+6.4 q@)LN/WN\/kN S NQKN/\O o~
E H H
] N o [¢]

NH

HN

Ho A OH el

(] [o]

ADC-40 ° —In

Example 135

15 ADC-41 was prepared according to the general-purpose coupling

method of Example 93,
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Example 136
ADC-42 was prepared according to the general-purpose coupling

method of Example 93,

0
o 0o ] CF3
H H :
S|-1x6.4/q@)LN/WNQKN(S NVMN/\O(SJ o
:H Hoo H HN
0 o
NH
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5 (- ADC-42 ° —n
Example 137
ADC-43 was prepared according to the general-purpose coupling

method of Example 93,

o H 9 0
SI-1x6.4] N@)LN/\WN\)kN SN N o
o L." o "o ’ " @

(- ADC-43

10 Example 138
ADC-44 was prepared according to the general-purpose coupling

method of Example 93,

o I ?
SI-1><6.4‘§‘N\//{5J)LN/\WH\AN s H\)LN
o A "o i

B o
“NH

HOMOH
o )

(- ADC-44

Example 139
15 ADC-45 was prepared according to the general-purpose coupling

method of Example 93,
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Example 140
ADC-46 was prepared according to the general-purpose coupling
method of Example 93,

o
o
SI-1><6A4‘§§J§))LN/\(HJ\N o HQJ\ o~ ><T¢O
o " ) A

5 ADC-46 "=

Example 141
ADC-47 was prepared according to the general-purpose coupling
method of Example 93,

CHy

S|-1xs4/gU)L /WN\/KN(S) MU\N o%S)\(
.

— ADC-47 ° —In

10 Example 142
ADC-48 was prepared according to the general-purpose coupling
method of Example 93,

o
si1-64-1 N gl N\/U\

— ADC-48

Example 143
15 ADC-49 was prepared according to the general-purpose coupling
method of Example 93,
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Example 144
ADC-50 was prepared according to the general-purpose coupling

method of Example 93,

e Ho$ H
SI-1x6.4] N‘LSJ)LN/\[(N\)J\N o~ N
o " "o

Example 145
ADC-51 was prepared according to the general-purpose coupling

method of Example 93,

o

o o o
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10 Example 146
ADC-52 was prepared according to the general-purpose coupling
method of Example 93,

o \%
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Example 147
15 ADC-53 was prepared according to the general-purpose coupling

method of Example 93,
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Example 148
ADC-54 was prepared according to the general-purpose coupling

method of Example 93,

HN
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5 ADC-54
Example 149
ADC-55 was prepared according to the general-purpose coupling

method of Example 93,

CHy

o, Lo o
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o S H g H o H HN
~,
NH O
N

_P.
o 6HOH

10 Example 150
ADC-56 was prepared according to the general-purpose coupling

method of Example 93,

° 5 y © by 9 CHs
SI-1+6.4-1 N@)LN/WN\/\&N(S NMU\N/\o(RJ o
& i H 4§ H oo H
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NKH Q
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(- ADC-56

Example 151
15 ADC-57 was prepared according to the general-purpose coupling

method of Example 93,
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Example 152
ADC-58 was prepared according to the general-purpose coupling
method of Example 93,

a H
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Example 153
ADC-59 was prepared according to the general-purpose coupling
method of Example 93,

o H 9 0
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— ADC-69

10 Example 154
ADC-60 was prepared according to the general-purpose coupling
method of Example 93,

° o y © v 9 V
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Example 155
15 ADC-61 was prepared according to the general-purpose coupling
method of Example 93,
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Example 156

ADC-62 was prepared according to the general-purpose coupling
method of Example 93,
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Example 157

ADC-63 was prepared according to the general-purpose coupling
method of Example 93,
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10 Example 158

ADC-64 was prepared according to the general-purpose coupling
method of Example 93,
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Example 159

15 ADC-65 was prepared according to the general-purpose coupling
method of Example 93,
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Example 160

ADC-66 was prepared according to the general-purpose coupling
method of Example 93,
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Example 161

ADC-67 was prepared according to the general-purpose coupling
method of Example 93,

o
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C
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10 Example 162

ADC-68 was prepared according to the general-purpose coupling
method of Example 93,
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Example 163
15 ADC-69 was prepared according to the general-purpose coupling
method of Example 93,
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Example 164
ADC-70 was prepared according to the general-purpose coupling

method of Example 93,
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Example 165
ADC-71 was prepared according to the general-purpose coupling

method of Example 93,
— COOH
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[e)
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10 Example 166
ADC-72 was prepared according to the general-purpose coupling

method of Example 93,

SI-1x6.4—

— ADC-72

Example 167
15 ADC-73 was prepared according to the general-purpose coupling

method of Example 93,
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Example 168
ADC-74 was prepared according to the general-purpose coupling
method of Example 93,

o H ] H
SI-1:6.4-1 N N
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5 Example 169
ADC-75 was prepared according to the general-purpose coupling
method of Example 93,

o //ZS
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Example 170
10 ADC-76 was prepared according to the general-purpose coupling
method of Example 93,
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Example 171
ADC-77 was prepared according to the general-purpose coupling
15 method of Example 93,

el o 9
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Example 172
ADC-78 was prepared according to the general-purpose coupling
method of Example 93,
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Example 173
ADC-79 was prepared according to the general-purpose coupling
method of Example 93,

o by 0 g 9
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Example 174
ADC-80 was prepared according to the general-purpose coupling
method of Example 93,
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si-:641 N gll N N g
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10 Example 175
ADC-81 was prepared according to the general-purpose coupling
method of Example 93,
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Example 176
15 ADC-82 was prepared according to the general-purpose coupling
method of Example 93,
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Example 177
ADC-83 was prepared according to the general-purpose coupling

method of Example 93,

CHg
SI-1x6.41 qﬁNﬁfN\)kN 5 \)L -~ W
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Example 178
ADC-84 was prepared according to the general-purpose coupling
method of Example 93,
SI-1x6.4-] N\)KN S JL O;Ha
§( oL, ey oy
o ADC-84 B ;
10 Example 179
ADC-85 was prepared according to the general-purpose coupling
method of Example 93,
SI-1x6.4-] ) N@([LH/\KJN%N 5 \AN O%j\f
TCOOH
Example 180
15 ADC-86 was prepared according to the general-purpose coupling

method of Example 93,
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Example 181

ADC-87 was prepared according to the general-purpose coupling
method of Example 93,
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Example 182
ADC-88 was prepared according to the general-purpose coupling
method of Example 93,
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10 Example 183
ADC-89 was prepared according to the general-purpose coupling
method of Example 93,
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Example 184
15 ADC-90 was prepared according to the general-purpose coupling
method of Example 93,
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Example 185
ADC-91 was prepared according to the general-purpose coupling
method of Example 93,
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5 Example 186
ADC-92 was prepared according to the general-purpose coupling
method of Example 93,
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Example 187
10 ADC-93 was prepared according to the general-purpose coupling
method of Example 93,
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Example 188
ADC-94 was prepared according to the general-purpose coupling
15 method of Example 93,
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Example 189
ADC-95 was prepared according to the general-purpose coupling
method of Example 93,
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Example 190
ADC-96 was prepared according to the general-purpose coupling
method of Example 93,

Sl-1x6.4-

Example 191
ADC-97 was prepared according to the general-purpose coupling
method of Example 93,

s S a R LT
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10 Example 192
ADC-98 was prepared according to the general-purpose coupling
method of Example 93,

o
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Example 193
15 ADC-99 was prepared according to the general-purpose coupling
method of Example 93,
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Example 194
ADC-100 was prepared according to the general-purpose coupling
method of Example 93,

smquﬁ /\/OMOM /W(NJKN (S’ JL a ;E:T
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Example 195
ADC-101 was prepared according to the general-purpose coupling
method of Example 93,
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10 Example 196
ADC-102 was prepared according to the general-purpose coupling
method of Example 93,
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Example 197
15 ADC-103 was prepared according to the general-purpose coupling
method of Example 93,
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Example 198
ADC-104 was prepared according to the general-purpose coupling

method of Example 93,
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5 Example 199
ADC-105 was prepared according to the general-purpose coupling

method of Example 93,
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Example 200

10 ADC-106 was prepared according to the general-purpose coupling
method of Example 93,
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Example 201
ADC-DS was prepared from compound 45 according to the general-

15 purpose coupling method of Example 93,

Hn OVNW/\Q%NTK\H NWAMb—Sl-wsA
o L) o 0 S
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Example 202
ADC-107 was prepared according to the general-purpose coupling

method of Example 94,
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Example 203

ADC-108 was prepared according to the general-purpose coupling
method of Example 94,
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Example 204

ADC-109 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 205

ADC-110 was prepared according to the general-purpose coupling
method of Example 94,
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g HN.
NH
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Example 206

15 ADC-111 was prepared according to the general-purpose coupling
method of Example 94,
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Example 207
ADC-112 was prepared according to the general-purpose coupling
method of Example 94,
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Example 208
ADC-113 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 209
ADC-114 was prepared according to the general-purpose coupling
method of Example 94,
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Example 210
15 ADC-115 was prepared according to the general-purpose coupling
method of Example 94,
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Example 211
ADC-116 was prepared according to the general-purpose coupling
method of Example 94,
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5 - ADC-116 ° -r-

Example 212
ADC-117 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 213
ADC-118 was prepared according to the general-purpose coupling
method of Example 94,

Sl-1x4-7

ADC-118 "
Example 214
15 ADC-119 was prepared according to the general-purpose coupling
method of Example 94,

ADC-118
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Example 215
ADC-120 was prepared according to the general-purpose coupling
method of Example 94,
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5 Example 216
ADC-121 was prepared according to the general-purpose coupling
method of Example 94,
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Example 217
10 ADC-122 was prepared according to the general-purpose coupling
method of Example 94,
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Example 218
ADC-123 was prepared according to the general-purpose coupling
15 method of Example 94,
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Example 219
ADC-124 was prepared according to the general-purpose coupling
method of Example 94,
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Example 220
ADC-125 was prepared according to the general-purpose coupling
method of Example 94,
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Example 221
ADC-126 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 222
ADC-127 was prepared according to the general-purpose coupling
method of Example 94,
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Example 223

15 ADC-128 was prepared according to the general-purpose coupling
method of Example 94,

ADC-128
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Example 224
ADC-129 was prepared according to the general-purpose coupling
method of Example 94,
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5 Example 225
ADC-130 was prepared according to the general-purpose coupling
method of Example 94,

Sl-1x4] N
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Example 226
10 ADC-131 was prepared according to the general-purpose coupling
method of Example 94,
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Example 227
ADC-132 was prepared according to the general-purpose coupling
15 method of Example 94,
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Example 228
ADC-133 was prepared according to the general-purpose coupling
method of Example 94,
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Example 229
ADC-134 was prepared according to the general-purpose coupling
method of Example 94,

o it o
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Example 230
ADC-135 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 231
ADC-136 was prepared according to the general-purpose coupling
method of Example 94,

Sl-1x4—

Example 232
15 ADC-137 was prepared according to the general-purpose coupling
method of Example 94,
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Example 233
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ADC-138 was prepared according to the general-purpose coupling
method of Example 94,
Sl x4/§ﬁ{?)kﬁ/ﬁgn\)kﬁ 5 | NQ&H/\O/{;:KO

NH
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o
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Example 234
5 ADC-139 was prepared according to the general-purpose coupling
method of Example 94,
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Example 235
ADC-140 was prepared according to the general-purpose coupling
10 method of Example 94,
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Example 236
ADC-141 was prepared according to the general-purpose coupling
method of Example 94,

o AN
° o o E
H H :
S|-1x4’§ﬁ@)kN/\n/NJkN‘s) N\)i\N/\O(R) o
E H H
o = ) ) HN
~N
NH

15 - apcaar  © =

Example 237
ADC-142 was prepared according to the general-purpose coupling
method of Example 94,

215



Sk1x4-]

Example 238
ADC-143 was prepared according to the general-purpose coupling

method of Example 94,
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Example 239
ADC-144 was prepared according to the general-purpose coupling
method of Example 94,
° 5\NHH (¢} H oo : HN
HO. ® OH 0
o]
10 Example 240
ADC-145 was prepared according to the general-purpose coupling
method of Example 94,
Example 241
15 ADC-146 was prepared according to the general-purpose coupling

method of Example 94,
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Example 242
ADC-147 was prepared according to the general-purpose coupling

method of Example 94,
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5 (- ADC-147 ° —n
Example 243
ADC-148 was prepared according to the general-purpose coupling

method of Example 94,
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10 Example 244
ADC-149 was prepared according to the general-purpose coupling

method of Example 94,
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Example 245
15 ADC-150 was prepared according to the general-purpose coupling
method of Example 94,

o o vV
0 H 9 H :
Sh1x4-1 NMNWNJKN E R
4 i H g H & H HN
SNH

HO__A oH o

[o] (o]

o
(- ADC-1560 —n

217



Example 246
ADC-151 was prepared according to the general-purpose coupling

method of Example 94,
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5 Example 247
ADC-152 was prepared according to the general-purpose coupling
method of Example 94,
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Example 248
10 ADC-153 was prepared according to the general-purpose coupling
method of Example 94,
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Example 249
ADC-154 was prepared according to the general-purpose coupling

15 method of Example 94,
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Example 250
ADC-155 was prepared according to the general-purpose coupling

method of Example 94,
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Example 251
ADC-156 was prepared according to the general-purpose coupling
method of Example 94,
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Example 252
ADC-157 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 253
ADC-158 was prepared according to the general-purpose coupling
method of Example 94,
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Example 254
15 ADC-159 was prepared according to the general-purpose coupling
method of Example 94,
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Example 255
ADC-160 was prepared according to the general-purpose coupling

method of Example 94,
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Example 256
ADC-161 was prepared according to the general-purpose coupling
method of Example 94,
Si-1 x“’q@))oku/wn\)?\” ©) njj\”/\ogﬁ\;o
\TO/?\OH Q
10 Example 257
ADC-162 was prepared according to the general-purpose coupling
method of Example 94,
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Example 258
15 ADC-163 was prepared according to the general-purpose coupling

method of Example 94,
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Example 259
ADC-164 was prepared according to the general-purpose coupling
method of Example 94,
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Example 260
ADC-165 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 261
ADC-166 was prepared according to the general-purpose coupling
method of Example 94,
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Example 262
15 ADC-167 was prepared according to the general-purpose coupling
method of Example 94,
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Example 263
ADC-168 was prepared according to the general-purpose coupling
method of Example 94,
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Example 264
ADC-169 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 265
ADC-170 was prepared according to the general-purpose coupling
method of Example 94,
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Example 266
15 ADC-171 was prepared according to the general-purpose coupling
method of Example 94,
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Example 267
ADC-172 was prepared according to the general-purpose coupling
method of Example 94,
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Example 268
ADC-173 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 269
ADC-174 was prepared according to the general-purpose coupling
method of Example 94,
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Example 270
15 ADC-175 was prepared according to the general-purpose coupling
method of Example 94,
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Example 271
ADC-176 was prepared according to the general-purpose coupling
method of Example 94,
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Example 272
ADC-177 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 273
ADC-178 was prepared according to the general-purpose coupling
method of Example 94,

"
0 v 9 v S H
N N._©O
SI-1X4~&1{QWN¢E/\( (?J\H/\g ~
o o
o
o

— ADC-178

Example 274
15 ADC-179 was prepared according to the general-purpose coupling
method of Example 94,
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Example 275
ADC-180 was prepared according to the general-purpose coupling
method of Example 94,
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5 Example 276
ADC-181 was prepared according to the general-purpose coupling
method of Example 94,
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Example 277
10 ADC-182 was prepared according to the general-purpose coupling
method of Example 94,
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Example 278
ADC-183 was prepared according to the general-purpose coupling
15 method of Example 94,
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Example 279
ADC-184 was prepared according to the general-purpose coupling
method of Example 94,
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Example 280
ADC-185 was prepared according to the general-purpose coupling
method of Example 94,
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Example 281
ADC-186 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 282
ADC-187 was prepared according to the general-purpose coupling
method of Example 94,
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Example 283
15 ADC-188 was prepared according to the general-purpose coupling
method of Example 94,
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Example 284
ADC-189 was prepared according to the general-purpose coupling
method of Example 94,

CH3
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5
Example 285
ADC-190 was prepared according to the general-purpose coupling
method of Example 94,
ADC-190 ;
10 Example 286
ADC-191 was prepared according to the general-purpose coupling
method of Example 94,
SI-1x4 qka/\{(N%N S MKN o%)\(
kCOOH @
Example 287
15 ADC-192 was prepared according to the general-purpose coupling

method of Example 94,
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Example 288

ADC-193 was prepared according to the general-purpose coupling
method of Example 94,
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Example 289

ADC-194 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 290

ADC-195 was prepared according to the general-purpose coupling
method of Example 94,
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Example 291

15 ADC-196 was prepared according to the general-purpose coupling
method of Example 94,
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Example 292
ADC-197 was prepared according to the general-purpose coupling
method of Example 94,
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5 Example 293
ADC-198 was prepared according to the general-purpose coupling
method of Example 94,
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Example 294
10 ADC-199 was prepared according to the general-purpose coupling
method of Example 94,
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Example 295
ADC-200 was prepared according to the general-purpose coupling
15 method of Example 94,
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Example 296
ADC-201 was prepared according to the general-purpose coupling
method of Example 94,
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Example 297

ADC-202 was prepared according to the general-purpose coupling
method of Example 94,
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Example 298
ADC-203 was prepared according to the general-purpose coupling
method of Example 94,
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10 Example 299
ADC-204 was prepared according to the general-purpose coupling
method of Example 94,
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Example 300
15 ADC-205 was prepared according to the general-purpose coupling
method of Example 94,
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Example 301
ADC-206 was prepared according to the general-purpose coupling

method of Example 94,
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Example 302
ADC-207 was prepared according to the general-purpose coupling

method of Example 94,
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10 Example 303

ADC-208 was prepared according to the general-purpose coupling

method of Example 94,
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Example 304
15 ADC-209 was prepared according to the general-purpose coupling

method of Example 94,
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Example 305

ADC-210 was prepared according to the general-purpose coupling
method of Example 94,
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5 Example 306

ADC-211 was prepared according to the general-purpose coupling
method of Example 94,
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Example 307

10 ADC-212 was prepared according to the general-purpose coupling
method of Example 94,
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Example 308
ADC-213 was prepared from compound 45 according to the general-
15 purpose coupling method of Example 94,
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Example 309
ADC-214 was prepared from compound 5A according to the general-
purpose coupling method of Example 93,
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Example 310
ADC-215 of HER3 was prepared from compound 5A according to the

general-purpose coupling method of Example 93,
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where the H3 antibody is the portion of the SI1-1x6.4 antibody
knockout targeting EGFR.
Example 311
ADC-216 to ADC-223 were prepared according to the general-
10 purpose coupling method of Example 93,
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Example 312
ADC-224 to ADC-231 were prepared according to the general-
purpose coupling method of Example 93,
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Example 313
10 ADC-232 to ADC-239 were prepared according to the general-
purpose coupling method of Example 94,
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Example 314
ADC-240 to ADC-247 were prepared according to the general-

purpose coupling method of Example 94,
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Example 315

The monomer rate was determined using the SEC-HPLC method:

Chromatography column: Biocore SEC-300 5 um, 4.6x300 mm

Manufacturer: NanoChrom,
5 Mobile phase: 50 mM PB + 300 mM NaCl + 200 mM Arg + 5% IPA,

pH = 6.5

Table 1: Methodological parameters

Item No.: B213-050030-04630S

Parameters Settings
Flow rate 0.3 mL/min
Wavelengths 214 nm and 280 nm
Column temperature 30°C

Sample plate

temperature

room temperature

Injection volume

20 ug

Maximum pressure

150 bar/15 MPa/2175 PSI

Gradient

isocratic

Operating time

20 minutes

10 Table 2. Monomer rate data for the disclosed Iligand-drug

conjugate (ADC) disclosed In the present application

Molecule name Degradation % Aggregate % Mionomer
rate %

ADC-1 0.01 1.60 98.39
ADC-2 0.0 1.51 98.49
ADC-5 0.0 2.43 97 .57
ADC-6 0.0 2.42 97.58
ADC-7 0.12 2.16 97.72
ADC-8 0.07 1.37 98.56
ADC-10 0.05 1.35 98.60
ADC-11 0.11 1.51 98.38
ADC-12 0.05 1.62 98.33
ADC-13 0.08 1.30 98.62
ADC-14 0.02 1.49 98.49
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ADC-48 0.06 1.71 98.23
ADC-52 0.05 1.56 98.39
ADC-DS 0.0 2.82 97.18
ADC-64 0.0 1.16 98.84
ADC-68 0.01 0.44 98.55
ADC-75 0.0 1.61 98.39
ADC-81 0.2 1.59 98.39
ADC-87 0.07 1.30 98.63
ADC-96 0.08 1.32 98.60
ADC-102 0.05 1.31 98.64
ADC-108 0.0 6.36 93.64
ADC-112 1.2 2.81 95.99
ADC-113 0.03 1.22 98.75
ADC-120 0.0 1.73 98.27
ADC-122 0.01 1.44 98.55
ADC-129 0.13 2.54 97.33
ADC-130 0.37 2.18 97.45
ADC-131 0.60 1.00 98.40
ADC-132 0.03 2.22 97.75
ADC-133 0.53 1.37 98.10
ADC-145 0.11 1.24 98.65
ADC-158 0.98 2.89 96.13
ADC-160 0.10 1.45 98.45
ADC-172 0.65 1.31 98.04
ADC-179 0.1 1.06 98.84
ADC-188 0.11 1.33 98.56
ADC-193 0.11 1.51 98.38
ADC-206 0.09 1.32 98.59
ADC-214 0.03 1.18 98.79
ADC-215 0.0 3.01 96.99
ADC-219 0.0 7.35 92.65
ADC-227 0.06 4.5 95.44
ADC-235 0.1 6.83 93.07

CONCLUSION: The ADC disclosed i1n the present invention 1is
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characterized by a low degradation rate and a low aggregation

rate, and has the excellent property of a high monomer rate.

Example 316

The drug antibody ratio DAR was determined using the RP-HPLC

method:

Chromatography column name:

1000A Manufacturer: Sepax

Table 3: Methodological parameters

Proteomix RP-1000 4.6x100mm 5um

Parameters Settings
Mobile A: 0.1% TFA aqueous solution; B: 0.1% TFA
phase acetonitrile solution
Flow rate 0.5 mL/min
Wavelength 214 nm and 280 nm
Column 65°C
temperature
Sample room temperature
plate
temperature
Injection 25 ug
volume
Max i mum 100bar/10MPa/1450PSI
pressure
Time Flow Mobile Mobile
(min) rate phase A phase B
(mL/min) %) (%)
0.0 0.5 75 25
Gradient > 0-° I 25
28 0.5 50 50
30 0.5 95
32 0.5 95
33 0.5 75 25
40 0.5 75 25

Table 4: Detailed data on ADC drug-antibody coupling ratio (DAR)
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Sample Batch Sample Batch
RP-DAR RP-DAR
Name number Name number
ADC- 20200708 7.83
ADC-5 20201028 7.65
120
ADC- 20200708 6.97
ADC-6 20200923 6.99
122
ADC- 20191125 7.44
ADC-10 20200104 7.38
137
ADC- 20200708 7.52
ADC-12 20191125 7.61
140
ADC- 7.50
ADC-18 20201028 7.71 20201028
142
ADC- 20201028 7.61
ADC-23 20200104 7.19
143
ADC- 20200708 7.28
ADC-24 20200104 7.09
159
ADC- 20200708 7.89
ADC-36 20200708 7.44
160
ADC- 7.24
ADC-41 20201028 7.81 20201028
168
ADC- 7.89
ADC-42 20201028 7.55 20201028
169
ADC- 7.55
ADC-55 20200708 7.54 20201028
170
ADC- 6.91
ADC-59 20200708 7.57 20201028
171
ADC-64 20201028 7.42 ADC- 20200708 7.32
176
ADC- 20200708 7.18
ADC-70 20200104 7.60
183
ADC- 20200708 7.49
ADC-71 20200104 7.50
184
ADC- 20200708 7.30
ADC-72 20200104 7.42
185
ADC-88 20200708 7.31 ADC- 20200708 7.77
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186
ADC- 20200708 7.26
ADC-96 20191125 7.75
190
ADC- 20191125 7.42
ADC-100 20200708 7.56
199
ADC- 7.85
ADC-108 20200708 7.62 20201028
214
ADC-112 20201116 7.46 ADC- 7.38
20211013
215
7.14 ADC- 7.46
ADC-219 20211015 20211013
227
7.26 ADC- 7.38
ADC-235 20211013 243 20211027

CONCLUSION: The ADC disclosed iIn the present invention has the
excellent property of high DAR value, which can significantly
increase the concentration of the drug at the target site
location at the same dose of ADC drug administered.

Example 317

ADC maintained the affinity of the corresponding original
bispecific antibodies SI-1x6.4, SI-1x4, SI1-1x22, SI1-1x24, SI-
1x25 and S1-1x26 for EGFR and HERS3:

The relative affinities of SI-1x6.4 versus ADC-6 and Sl1-1x4
versus ADC-112 for EGFR and HER3 were compared by double-antigen
sandwich ELISA. The specific steps were as follows:

Recombinant EGFR-His*6 antigen-coated plates were closed
with 1% bovine serum protein; then SI-1x6.4, ADC-6, SI-1x4, and
ADC-112 were diluted, respectively, and then diluted with a
starting concentration of 5,000 ng/mL in successive 3-fold
gradients, for a total of 11 concentrations; the samples were
incubated on the coated ELISA plates for a certain period of
time, fTollowed by biotin-labeled HER3-Fc antigen incubation,
followed by streptavidin HRP-labeled incubation; finally, TMB
color development was performed, followed by sulfuric acid
solution termination, and the absorbance value at 450 nm was
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detected on a microplate reader. The assay results were plotted
against concentration for 0D450 nm.

CONCLUSION: As shown in the accompanying Figures 3A and 3B,
after coupling, ADC-6 and ADC-112 maintained similar affinities
to those of SI-1x6.4 and SI-1x4, respectively, with no
significant difference in EC50 values; indicating that coupling
of toxins to SI1-1x6.4 and SI-1x4 did not affect their affinity
for the antigen.

Similarly, using a similar testing method to that described
above, the results are shown in FIG. 3C, FIG. 3D, FIG. 3E, and
FIG. 3F; after coupling, ADC-219, ADC-227, ADC-235, and ADC-243
retained similar affinities to those of SI-1x22, SI-1x24, SI-
1x25, and S1-1x26, respectively, with no significant difference
in the EC50 values; indicating that coupling of toxins to SlI-
1x22, S1-1x24, SI1-1x25 and SI-1x26 did not affect their affinity
for the antigen.

Example 318
In vitro pharmacodynamic assays:

A variety of human-derived tumor cell lines (human epidermal
cancer cells A431, human In situ pancreatic adenocarcinoma cells
BXPC-3, human pharyngeal squamous cell carcinoma cells FaDu,
human Blung cancer squamous cell carcinoma cell line HARA-B,
human non-small cell lung cancer cells HCC827, and human colon
cancer cells SW620) were utilized as experimental models for
evaluating i1n vitro efficacy of the ADC-coupled drug in the
present invention. A certain number of tumor cells were
inoculated in a 96-well plate, and the gradient-diluted test
antibody and the corresponding ADC drug were added to the cells,
followed by 5 days of treatment; the cell viability was measured
using Alamar Blue or MTS, and the inhibitory effect of the test
antibody and ADC on the tumor cell lines was evaluated by
calculating the IC50. The starting concentration of the antibody
drug was 500 nM, and the dilution was 7-fold, totaling 8

concentration points, and the treatment was carried out for 5
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The final calculation method was survival rate =
(experimental group - blank) / (control group - blank group) x
100%,
calculate the half inhibitory concentration (IC50) as well as

Efficacy (%).

days.

then Graph Pad Prism was used for curve fitting, to

Table 5: In vitro efficacy of six naked antibodies (SI1-1X4,
SI-1x6.4, SI-1X22, SI1-1X24, SI1-1X25, SI1-1X26) and six ADCs
(ADC-112, ADC-6, ADC-219, ADC-227, ADC-235, ADC-243) in A431

10

A431
Groups I1Cso (NM) Groups Efficacy
)

ADC-112 4_.95 ADC-112 85.63
ADC-6 0.98 ADC-6 87.88
ADC-219 0.75 ADC-219 89.37
ADC-227 0.77 ADC-227 86.13
ADC-235 0.81 ADC-235 86.86
ADC-243 3.61 ADC-243 89.63
S1-1X4 >500 S1-1X4 31.99
S1-1X6.4 6.98 S1-1X6.4 62.18
S1-1X22 4.47 S1-1X22 69.01
S1-1X24 6.23 S1-1X24 69.98
S1-1X25 5.54 S1-1X25 75.89
S1-1X26 >500 S1-1X26 44 _63

Table 6: In vitro efficacy of six naked antibodies (SI1-1X4,
SI-1x6.4, SI1-1X22, S1-1X24, SI1-1X25, SI1-1X26) and six ADCs (ADC-
112, ADC-6, ADC-219, ADC-227, ADC-235, ADC-243) in BXPC-3

BxPC-3

Efficacy
Groups 1Cs0 (NM) Groups

)
ADC-112 46.75 ADC-112 61.96
ADC-6 12.29 ADC-6 61.02
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ADC-219 16.58 ADC-219 65.64
ADC-227 32.48 ADC-227 68.85
ADC-235 15.69 ADC-235 68.24
ADC-243 16.69 ADC-243 65.96
SI1-1X4 >500 SI-1X4 N/A
SI1-1X6.4 >500 SI1-1X6.4 NZA
SI-1X22 >500 SI-1X22 N/A
SI1-1X24 >500 SI1-1X24 N/A
SI-1X25 >500 SI-1X25 N/A
S1-1X26 >500 S1-1X26 NZA

Table 7: In vitro efficacy of six naked antibodies (S1-1X4, SI-
1x6.4, SI1-1X22, SI1-1X24, SI-1X25, SI1-1X26) and six ADCs (ADC-
112, ADC-6, ADC-219, ADC-227, ADC-235, ADC-243) iIn FaDu

FaDu
Groups 1Cs0 (NM) Groups Efficacy
%)

ADC-112 1.01 ADC-112 74.09
ADC-6 0.18 ADC-6 74_.31
ADC-219 0.21 ADC-219 74 .68
ADC-227 0.25 ADC-227 72.44
ADC-235 0.28 ADC-235 74 .09
ADC-243 0.40 ADC-243 72.63
S1-1X4 >500 S1-1X4 23.34
S1-1X6.4 >500 S1-1X6.4 38.92
S1-1X22 >500 S1-1X22 39.45
S1-1X24 >500 S1-1X24 36.18
S1-1X25 >500 S1-1X25 41 .65
S1-1X26 >500 S1-1X26 34.43

Table 8: In vitro efficacy of six naked antibodies (S1-1X4, SI-
1x6.4, SI1-1X22, SI1-1X24, SI1-1X25, SI1-1X26) as well as six ADCs
(ADC-112, ADC-6, ADC-219, ADC-227, ADC-235, ADC-243)
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HARA-B
Groups 1Cs0 (NM) Groups Efficacy
%)

ADC-112 14.73 ADC-112 60.67
ADC-6 3.89 ADC-6 73.43
ADC-219 2.37 ADC-219 73.4
ADC-227 2.45 ADC-227 71.07
ADC-235 3.18 ADC-235 73
ADC-243 9.93 ADC-243 64.77
S1-1X6.4 >500 S1-1X6.4 39.27
S1-1X22 >500 S1-1X22 43 .36
S1-1X24 >500 S1-1X24 43 .65
S1-1X25 >500 S1-1X25 44 .73
S1-1X26 >500 S1-1X26 36.55
S1-1X4 >500 S1-1X4 44 .32

Table 9: In vitro efficacy of six naked antibodies (S1-1X4, SI-
1x6.4, SI1-1X22, SI1-1X24, SI-1X25, SI-1X26) and six ADCs (ADC-
5 112, ADC-6, ADC-219, ADC-227, ADC-235, ADC-243) iIn HCC827.

HCC827
Groups 1Cs0 (NM) Groups Efficacy
)

ADC-112 2.35 ADC-112 73.10
ADC-6 1.06 ADC-6 71.31
ADC-219 0.65 ADC-219 71.21
ADC-227 0.51 ADC-227 66.61
ADC-235 0.43 ADC-235 68.22
ADC-243 2.11 ADC-243 69.56
S1-1X4 >500 S1-1X4 18.52
S1-1X6.4 2.08 S1-1X6.4 60.02
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SI-1X22 1.42 S1-1X22 63.69

SI1-1X24 1.48 SI1-1X24 66.70
SI-1X25 1.32 SI-1X25 69.43
S1-1X26 >500 S1-1X26 28.44

Table 10: In vitro efficacy of six naked antibodies (SI-1X4,
SI-1x6.4, SI1-1X22, S1-1X24, SI1-1X25, SI1-1X26) and six ADCs (ADC-
112, ADC-6, ADC-219, ADC-227, ADC-235, ADC-243) in SW620.

SW620
Groups 1Cso0 (NM) Groups Efficacy
)

ADC-112 5.82 ADC-112 70.72
ADC-6 4_51 ADC-6 75.35
ADC-219 4_20 ADC-219 75.56
ADC-227 5.78 ADC-227 70.76
ADC-235 4.69 ADC-235 73.94
ADC-243 3.91 ADC-243 69.68
S1-1X4 >500 S1-1X4 4_02
S1-1X6.4 >500 S1-1X6.4 0.24
S1-1X22 >500 S1-1X22 3.45
S1-1X24 >500 S1-1X24 5.61
S1-1X25 >500 S1-1X25 5.92
S1-1X26 >500 S1-1X26 6.47

CONCLUSION: In human epidermal cancer cells A431, human in situ
pancreatic adenocarcinoma cells BXPC-3, human pharyngeal
squamous cell carcinoma cells FaDu, human lung cancer squamous
cell carcinoma cell line HARA-B, human non-small-cell lung
cancer cells HCC827, and human colon cancer cells SW620, six
ADCs (ADC-112, ADC-6, ADC-219, ADC-227, ADC-235, ADC-243) all
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showed more sensitive efficacy and stronger tumor cell growth
inhibition relative to their respective corresponding naked
antibodies (SI1-1X4, SI1-1x6.4, SI-1X22, SI-1X24, SI-1X25, SI-
1X26) (Figure 4A - Figure 4F and Table 5 - Table 10).

Example 319
In vivo efficacy testing:

In the present invention, BALB/c nude mice were
subcutaneously inoculated with a variety of human tumor cell
lines (A431, SW620, A431+SW620) as experimental models to
evaluate the in vivo efficacy of ADC-coupled drugs. A certain
number of tumor cell lines were iInoculated subcutaneously in
BALB/c nude mice, and when the tumor volume grew to 150-300 mm3,
the antibodies and corresponding ADC drugs were injected into
the tail vein; the drugs were administered once a week four
times, with continuous observation, and tumor measurements were
performed twice a week to evaluate the inhibitory effect of the
test antibodies and ADCs on the tumor cell lines.

CONCLUSION:

In the A431 single-tumor model with high expression of EGFR,
10 mg/kg of ADC-6 (DAR=8) exhibited stronger tumor inhibition
relative to SI-1x6.4 naked antibody (Figure 5A).

In the SW620 single-tumor model with low EGFR expression,
10 and 15 mg/kg of ADC-6 also exhibited stronger tumor
suppression relative to 15 mg/kg of SI-1x6.4 naked antibody;
and was stronger than the tumor suppression of Cet-ADC (ADC-
214, DAR=8) at a dose corresponding to the molecular molar
concentration (Figure 5B).

In A431+SW620 heterogeneous tumors, 5, 15, and 30 mg/kg of
ADC-6 similarly demonstrated stronger tumor inhibition relative
to 30 mg/kg of S1-1x6.4 naked antibody (Figure 5C).

Example 320
In vivo efficacy testing:
BALB/c Nude mice subcutaneously inoculated with human

epidermal cancer cells A431 and human pancreatic cancer cells
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BXPC3 were utilized as experimental models i1n the present
invention to evaluate the in vivo efficacy of ADC-coupled drugs.
A certain number of tumor cell [lines were 1inoculated
subcutaneously on the right shoulder side of female BALB/c Nude
mice, and when the average tumor volume grew to 180-250 mm3,
the corresponding ADC drugs were injected into the tail vein
once a week for Tfour consecutive administrations under
continuous observation, and the tumor volume was measured twice
a week to evaluate the inhibitory effect of the test ADC drugs
on the growth of the tumors.

% change to DO = (Dn-D0)/D0*100;

% TGl = 1 - [changes of tumor volume iIn treatment group/
changes of tumor volume in control group] x 100.

In the EGFR high-expressing A431 single-body tumor model,
42 days after the fTirst administration, each test ADC drug
caused significant tumor growth inhibition (P < 0.05) iIn the
BALB/c-Nude mouse subcutaneous graft tumor model of human
epidermal cancer cells A431, wherein ADC-6, ADC-219, ADC-235,
ADC-227 and ADC-112 had comparable tumor-suppressing effects,
all of them showing strong tumor-suppressing effects (Figure
6A).

In the BxPC3 single-body tumor model with medium expression
of EGFR, 35 days after the first administration, each test ADC
drug caused significant tumor growth inhibition (P < 0.05) 1in
the human epidermal cancer cell BxPC3 BALB/c-Nude mouse
subcutaneous graft tumor model, wherein ADC-6, ADC-219, ADC-
235, ADC-227 and ADC-112 had comparable tumor-suppressing
effects, all showing strong tumor-suppressing effects (Figure
6B).

Example 321
In vitro efficacy of Payload compound 5A:
1) Experimental materials:

Cells: Cells for testing were obtained from the Cell Bank
of the Chinese Academy of Sciences;

Cell culture medium DMEM: Gibco;

248



10

15

20

25

30

35

FBS: BIOWEST.

2) Preparation of culture medium:

Growth medium (with 10% FBS, Penicillin/streptomycin (100
U/mL);

Detection medium (with 1% FBS, Penicillin/streptomycin (100
U/mL) .

3) Operation:

Turn on the UV light of the biosafety cabinet 30 min in
advance, and then turn on the ventilation for 3 min. Put the
growth medium, detection medium, D-PBS and pancreatin into a
37°C constant-temperature water bath to preheat, and then
sterilize the surface with alcohol, and put into the biosafety
cabinet. Place cells with about 80% confluence in the biosafety
cabinet, draw off the old medium, rinse with D-PBS, draw and
discard, digest with pancreatin for 2-3 min, and then the growth
medium for neutralization, and centrifuge at 1200 rpm for 3 min.
Draw off the centrifugation supernatant, mix evenly with 4 mL
of detection medium, and collect 100 uL for counting (wherein
50 uL of cell fluid is taken out, 50 uL of Trypan Blue Stain is
added and mixed evenly, followed by counting). Plate spreading
was performed according to a pre-optimized cell spreading
density; 80ul/well was spread in a 96-well plate, with only 80
uL of detection medium being added to wells E11 and F11, and
150 uL of DPBS being added to the edge wells. 24 h after
spreading the plate, diluted antibody was added, 20 uL per well,
and a control was set up; only 20 uL of detection medium was
added to the 11th column, and 2 duplicate wells were set up for
each concentration; after addition, uniform mixing was
performed on a cell vortex mixer, at 550 rpm for 3 min.

Dilution of solution: Use detection medium to prepare 300
uL of a test sample solution with a starting concentration of
5 uM in the first column of a V-shaped 96-well plate, add 240
uL of detection medium to the second to 10th columns
respectively, take 60 uL from the evenly mixed first column and

add it to the second column, mix uniformly up and down with a
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multi-channel pipette 10 times, discard the pipette tips, and

perform operations for the next 7 concentrations in turn.

4) Detection:

After 4 days,

take out the MTS reagent,

thaw at room

temperature iIn the dark, then mix thoroughly and evenly using

a vortex mixer,

then add 20 pL of CellTiter One Solution Reagen

MTS reagent per 100 pL of cell culture volume along the side

wall of the wells in the biosafety cabinet, gently tap the plate

surface to mix the MTS solution evenly,

cell culture incubator and

leave to

incubate for 2 h

and then put into a

in the

dark. At the end of the reaction, take out the 96-well plate

and measure the 0D490 nm absorbance value

in the microplate

reader, and record, organize, analyze and store the data.

5) Results:

Table 11 illustrates that compound 5A (Payload) showed good

inhibition of the following solid tumor cells and hematoma cells.

Table 11: In vitro

inhibitory effect of compound 5A on human

non-small cell lung adenocarcinoma cells H1975, human non-small

cell lung cancer cells HCC827,

human epidermal

A431, human gastric cancer cells NCI-N87,

human

cancer cells

in situ

pancreatic adenocarcinoma cells BXPC-3, human epidermal cancer

cells A431 + human colon cancer cells SW620, human breast cancer

cells ZR-75-1,

multiple myeloma cells RPMI18226,

human plasma cell

leukemia cells H929, human
human leukemia cells JJN-3,

human breast cancer cells MDA-MB-361 and human breast cancer

cells SK-BR-3.

Group 1650 Efficacy%
(M)

H1975 970.33 76.78
HCC827 655.60 80.57
A431 438.77 84 .97
NCI1-N87 1023.92 63.93
BxPC-3 320.09 64.4
A431+SW620 604.87 68.26
ZR-75-1 557.95 54.79
H929 23.94 99.03
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RPM18226 147 .00 93.61

JIN-3 36.11 80.59
MDA-MB-361 572.13 62.34
SK-BR-3 732.43 70.9

Example 322: In vitro efficacy data for ADC-6 and ADC-214:

The 1n vitro efficacy of ADC-coupled drugs was evaluated
using an experimental model of two human tumor cell lines (human
poorly differentiated lung cancer squamous cell carcinoma cell
line Oka-c-1, human lung squamous cell carcinoma cells SK-MES-
1).

Inoculate a certain number of tumor cells in a 96-well plate,
add the gradient-diluted test antibody and the corresponding
ADC drug to the cells, treat for 5 days, measure the cell
viability using Alamar Blue or MTS, and evaluate the inhibitory
effect of the test antibody, the ADC and the small molecule
drug dsz on the tumor cell lines by calculating the IC50. The
starting concentration of the antibody drug was 500 nM, and the
dilution was 7-fold, totaling 7 concentration points, and the
treatment was carried out for 5 days. The final calculation
method was survival rate = (experimental group - blank) /
(control group - blank group) x 100%, followed by curve fitting
using Graph Pad Prism, and calculation of the half inhibitory
concentration (IC50). The results are shown in Figures 7A and

7B and Table 12.

Table 12: In vitro efficacy of SI-1x6.4, Cetuximab, ADC-6,
ADC-214 and d3 on human poorly differentiated lung cancer
squamous cell carcinoma cell 1line Oka-c-1 and human [lung

squamous cell carcinoma cells SK-MES-1.

Group I1IC50 (nMm)
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S1-1x6.4 [Cetuximab ADC-6 ADC-214 ds
Oka-c-1 0.033 0.015 0.013 0.017 0.846
SK-MES-1 0.227 0.289 0.097 0.542 2.044
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Claims
1. A ligand-camptothecin derivative conjugate as shown in

general formula I, or a pharmaceutically acceptable salt or

5 solvate thereof;

—1Ab

wherein:
Ab is a bispecific antibody or antigen-binding fragment
10 thereof which simultaneously targets two different epitopes or
targets;

L1 is selected without limitation from:

NS N 0 0 i o o / %Ajiéwg
Q ﬁ s S O A N

COOH COOH

0

N ﬁﬁ

COOH or " cooH

Q fﬁNz KLN%L

15 preferably L: is 0 COOH , “¥ “COOH

0

'%ﬂN-E- ey ﬁ v
¢ D COOH

preferably L; is o, COOH Or ;

L, has the structure shown in formula A below:
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formula A
wherein Y 1is a scaffold selected from C1-C6 alkyl,
substituted C1-C6 alkyl, or C3-C8 cycloalkyl; preferably Y 1is
C1-C6 alkyl; Ac is a hydrophilic structural unit; and the carbon
No. 2 attached to Y has absolute chirality in the R configuration
or the S configuration;
Lz 1s present or absent, and when present, Lz is selected

O OVO%V H;ﬁ
0

from PEG hydrophilic units: , 0 Is selected
from integers 1-10, preferably integers 2-8;

L4 Is an enzymatic cutting unit;

Ls is a linking unit;

the chiral carbon atom No. 1 attached to N in formula I has
absolute chirality in the R configuration or the S configuration;

R 1s selected from hydrogen atom, deuterium atom, halogen,
C1-C6 alkyl, substituted Cl1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy Cl1-C6 alkyl, C6-C10
aryl, substituted C6-C10 aryl, 5-10-membered heteroaryl, and
substituted 5-10-membered heteroaryl;

preferably R is selected from a hydrogen atom or a C1-C6
alkyl group;

R:1 is selected from hydrogen atom, deuterium atom, halogen,
Cl1-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, carboxyl,
3-7 membered heterocyclyl, substituted 3-7 membered
heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-10
membered heteroaryl, and substituted 5-10 membered heteroaryl;

preferably R: is selected from a hydrogen atom or a C1-C6
alkyl group;

more preferably R: is selected from C1-C6 alkyl;

R> Is selected from hydrogen atom, deuterium atom, halogen,

Cl1-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
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C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, carboxyl,
3-7 membered heterocyclyl, substituted 3-7 membered
heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-10
membered heteroaryl, and substituted 5-10 membered heteroaryl;

preferably R> is selected from a hydrogen atom, a halogen or
a C1-C6 alkyl group;

more preferably R> is selected from halogen;

X is selected from -C(0)-CRaRb-(CR3R4)n-0-, -C(0)-CRaRab-
(CR3R4)m-NH- or -C(0)-CRaRb-(CR3R4)n-S-;

preferably X is selected from -C(0)-CRaRp-(CR3R4)n-0-;

Ra and Rp are each independently selected from a hydrogen
atom, a deuterium atom, a halogen, a C1-C6 alkyl, a deuterated
Cl1-C6 alkyl, a halogenated C1-C6 alkyl, a C3-C8 cycloalkyl, a
C3-C8 cycloalkyl Cl1-C6 alkyl, a C6-Cl10 aryl C1-C6 alkyl, a Cl-
C6 alkoxy Cl1-C6 alkyl, a 3-7 membered heterocyclic group, a
substituted 3-7 membered heterocyclic group, a C6-C10 aryl,
substituted C6-C10 aryl, 5-10 membered heteroaryl, and
substituted 5-10 membered heteroaryl;

preferably, Ra and R, are each independently selected from a
hydrogen atom, a C1-C6 alkyl, a halo-Ci1-C6 alkyl, a C3-C8
cycloalkyl C1-C6 alkyl, or a C6-C10 aryl C1-C6 alkyl;

alternatively, Ra, R, and the carbon atoms to which they are
connected form a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl Cl-
C6 alkyl group, a 3-7-membered heterocyclic group, or a
substituted 3-7-membered heterocyclic group; preferably Ra, Ro
and the carbon atoms to which they are connected form a C3-C8
cycloalkyl group;

Rz, Rs are identical or different and are each independently
a hydrogen atom, deuterium atom, halogen, C1-C6 alkyl,
halogenated C1-C6 alkyl, deuterated C1-C6 alkyl, C1-C6 alkoxy,
hydroxyl, amino, cyano, nitro, hydroxy C1-C6 alkyl, C3-C8
cycloalkyl, 3-7-membered heterocyclyl, or substituted 3-7-
membered heterocyclyl;

preferably, Rz, Rs are each independently a hydrogen atom or

C1-C6 alkyl group;
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alternatively, Rs, Rs and the carbon atoms connected thereto
form a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl C1-C6 alkyl
group, a 3-7-membered heterocyclic group, or a substituted 3-7-
membered heterocyclic group;

m @s selected from integers 0-4, preferably 0, 1; n 1is
selected from integers 1-10.

2. The ligand-camptothecin derivative conjugate as shown in
general formula I as claimed in claim 1, or a pharmaceutically
acceptable salt or solvate thereof, characterized in that Ab is
a bispecific antibody or antigen-binding fragment thereof which
simultaneously targets two different epitopes or targets,
preferably a bispecific antibody or antigen-binding fragment
thereof that simultaneously targets EGFR and HER3.

3. The ligand-camptothecin derivative conjugate as shown in
general formula 1 as claimed in claim 1 or 2, or a
pharmaceutically acceptable salt or solvate thereof,
characterized in that the Ab antibody comprises: an 1gGl heavy
chain, a x light chain, and a single-chain Fv (scFv) structural
domain; wherein the single-chain Fv (scFv) structural domain
forms a construct with the IgGl heavy chain or the x light chain;
wherein the IgGl heavy chain and the x light chain form an IgG
portion with binding specificity for EGFR; the scFv structural
domain has binding specificity for HER3, and the scFv structural
domain i1s linked via a linker (e.g., having an amino acid
sequence of (gly-gly-gly-gly-ser),, wherein n is an integer of
at least 1, and preferably n is an integer of 1 to 10) to a C-
terminus or N-terminus of the IgGl heavy chain or a C-terminus
or N-terminus of the x light chain; and wherein the single-chain
Fv structural domain has a structural order of N-terminus-heavy
chain variable region-joint-light chain variable region-C-
terminus, or N-terminus-light chain variable region-joint-heavy
chain variable region-C-terminus (e.g., the joint consists of
an amino acid sequence of (gly-gly-gly-gly-ser)m, wherein m is
an integer of at least 3, and preferably m is 3, 4, 5, or 6).

4. The ligand-camptothecin derivative conjugate as shown in
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general formula 1 as claimed in any one of claims 1 - 3, or a
pharmaceutically acceptable salt or solvate thereof,
characterized in that the x 1light chain of the Ab antibody
comprises CDRs as shown in SEQ ID NO: 25, SEQ ID NO: 26, and
SEQ ID NO: 27, the IgGl heavy chain comprises CDRs as shown in
SEQ ID NO: 29, SEQ ID NO: 30, and SEQ ID NO: 31, and the single-
chain Fv (scFv) structural domain comprises heavy chain variable
region CDRs as shown in SEQ ID NO: 32, SEQ ID NO: 33, and SEQ
ID NO: 34, and light chain variable region CDRs as shown in SEQ
ID NO: 35, SEQ ID NO: 36, and SEQ ID NO: 37.

5. The ligand-camptothecin derivative conjugate as shown in
general formula 1 as claimed in any one of claims 1 - 4, or a
pharmaceutically acceptable salt or solvate thereof,
characterized i1n that the Ilight chain of the Ab antibody
comprises a variable region as shown in SEQ ID NO: 28, the 1gGl
heavy chain comprises a variable region as shown in SEQ ID NO:
38, and the single-chain Fv (scFv) structural domain comprises
a heavy chain variable region as shown in SEQ ID NO: 39 and a
light chain variable region as shown in SEQ ID NO: 40.

6. The ligand-camptothecin derivative conjugate as shown in
general formula 1 as claimed 1n any one of claims 1 - 5, or a
pharmaceutically acceptable salt or solvate thereof,
characterized in that the light chain amino acid sequence of
the Ab antibody i1s SEQ ID NO: 2, and the amino acid sequence of
the construct of the antibody heavy chain and the single-chain
Fv (scFv) structural domain is SEQ ID NO: 4.

7. The ligand-camptothecin derivative conjugate as shown in
general formula 1 as claimed in any one of claims 1 - 6, or a
pharmaceutically acceptable salt or solvate thereof,
characterized in that the Ilight chain nucleic acid coding
sequence of the Ab antibody is SEQ ID NO: 1, and the nucleic
acid coding sequence of the construct of the antibody heavy
chain and the single-chain Fv (scFv) structural domain is SEQ
ID NO: 3.

8. The ligand-camptothecin derivative conjugate as shown in
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general formula 1 as claimed in any one of claims 1 - 3, or a
pharmaceutically acceptable salt or solvate thereof,
characterized in that the x 1light chain of the Ab antibody
comprises CDRs as shown in SEQ ID NO: 41, SEQ ID NO: 42, and
SEQ ID NO: 43, the IgGl heavy chain comprises CDRs as shown in
SEQ ID NO: 45, SEQ ID NO: 46, and SEQ ID NO: 47, and the single-
chain Fv (scFv) structural domain comprises heavy chain variable
region CDRs as shown in SEQ ID NO: 32, SEQ ID NO: 33, and SEQ
ID NO: 34, and light chain variable region CDRs as shown in SEQ
ID NO: 35, SEQ ID NO: 36, and SEQ ID NO: 37.

9. The ligand-camptothecin derivative conjugate as shown in
general formula 1 as claimed in any one of claims 1 — 3 and 8,
or a pharmaceutically acceptable salt or solvate thereof,
characterized i1n that the Ilight chain of the Ab antibody
comprises a variable region as shown in SEQ ID NO: 44, the 1gGl
heavy chain comprises a variable region as shown in SEQ ID NO:
48, and the single-chain Fv (scFv) structural domain comprises
a heavy chain variable region as shown in SEQ ID NO: 39 and a
light chain variable region as shown in SEQ ID NO: 40.

10. The ligand-camptothecin derivative conjugate as shown iIn
general formula I as claimed in any one of claims 1 — 3 and 8 -
9, or a pharmaceutically acceptable salt or solvate thereof,
characterized in that the light chain amino acid sequence of
the Ab antibody i1s SEQ ID NO: 6, and the amino acid sequence of
the construct of the antibody heavy chain and the single-chain
Fv (scFv) structural domain is SEQ ID NO: 8.

11. The ligand-camptothecin derivative conjugate as shown iIn
general formula I as claimed in any one of claims 1 — 3 and 8 -
10, or a pharmaceutically acceptable salt or solvate thereof,
characterized in that the Ilight chain nucleic acid coding
sequence of the Ab antibody is SEQ ID NO: 5, and the nucleic
acid coding sequence of the construct of the antibody heavy
chain and the single-chain Fv (scFv) structural domain is SEQ
ID NO: 7.

12. The ligand-camptothecin derivative conjugate as shown iIn
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general formula 1 as claimed in any one of claims 1-3 and 4, or
a pharmaceutically acceptable salt or solvate thereof,
characterized in that the light chain of the Ab antibody
comprises a variable region as shown in SEQ ID NO: 49, the IgGl
heavy chain comprises a variable region as shown in SEQ ID NO:
52, and the single chain Fv (scFv) structural domain comprises
a heavy chain variable region as shown in SEQ ID NO: 50 and a
light chain variable region as shown in SEQ ID NO: 51.

13. The ligand-camptothecin derivative conjugate as shown iIn
general formula I as claimed in any one of claims 1-3, 4 and 12,
or a pharmaceutically acceptable salt or solvate thereof,
characterized in that the heavy chain amino acid sequence of
the Ab antibody is SEQ ID NO: 12, and the amino acid sequence
of the construct of the antibody light chain and the single
chain Fv (scFv) structural domain is SEQ ID NO: 10.

14. The ligand-camptothecin derivative conjugate as shown iIn
general formula I as claimed iIn any one of claims 1-3, 4 and
12-13, or a pharmaceutically acceptable salt or solvate thereof,
characterized i1n that the heavy chain nucleic acid coding
sequence of the Ab antibody i1s SEQ ID NO: 11, and the nucleic
acid coding sequence of the construct of the antibody light
chain and the single-chain Fv (scFv) structural domain i1s SEQ
ID NO: 9.

15. The ligand-camptothecin derivative conjugate as shown iIn
general formula 1 as claimed 1in any one of claims 1-3, 4 and 5,
or a pharmaceutically acceptable salt or solvate thereof,
characterized in that the light chain amino acid sequence of
the Ab antibody is SEQ ID NO: 14, and the amino acid sequence
of the construct of the antibody heavy chain and the single-
chain Fv (scFv) structural domain is SEQ ID NO: 16.

16. The ligand-camptothecin derivative conjugate as shown iIn
general formula 1 as claimed in any one of claims 1-3, 4, 5 and
15, or a pharmaceutically acceptable salt or solvate thereof,
characterized in that the Ilight chain nucleic acid coding
sequence of the Ab antibody is SEQ ID NO: 13, and the nucleic
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acid coding sequence of the construct of the antibody heavy
chain and the single-chain Fv (scFv) structural domain is SEQ
ID NO: 15.

17. The ligand-camptothecin derivative conjugate as shown iIn
general formula I as claimed in any one of claims 1-3, 4 and 12,
or a pharmaceutically acceptable salt or solvate thereof,
characterized in that the heavy chain amino acid sequence of
the Ab antibody is SEQ ID NO: 20, and the amino acid sequence
of the construct of the antibody light chain and the single-
chain Fv (scFv) structural domain is SEQ ID NO: 18.

18. The ligand-camptothecin derivative conjugate as shown iIn
general formula I as claimed in any one of claims 1-3, 4, 12
and 17, or a pharmaceutically acceptable salt or solvate thereof,
characterized i1n that the heavy chain nucleic acid coding
sequence of the Ab antibody i1s SEQ ID NO: 19, and the nucleic
acid coding sequence of the construct of the antibody light
chain and the single-chain Fv (scFv) structural domain i1s SEQ
ID NO: 17.

19. The ligand-camptothecin derivative conjugate as shown iIn
general formula 1 as claimed 1n any one of claims 1-3 and 8, or
a pharmaceutically acceptable salt or solvate thereof,
characterized i1n that the light chain of the Ab antibody
comprises a variable region as shown in SEQ ID NO: 53, the IgGl
heavy chain comprises a variable region as shown in SEQ ID NO:
54, and the single-chain Fv (scFv) structural domain comprises
a heavy chain variable region as shown In SEQ ID NO: 50 and a
light chain variable region as shown in SEQ ID NO: 51.

20. The ligand-camptothecin derivative conjugate as shown in
general formula I as claimed in any one of claims 1-3, 8 and 19,
or a pharmaceutically acceptable salt or solvate thereof,
characterized in that the heavy chain amino acid sequence of
the Ab antibody is SEQ ID NO: 24, and the amino acid sequence
of the construct of the antibody light chain and the single-
chain Fv (scFv) structural domain is SEQ ID NO: 22.

21. The ligand-camptothecin derivative conjugate as shown in

260



10

15

20

25

30

general formula I as claimed in any one of claims 1-3, 8 and
19-20, or a pharmaceutically acceptable salt or solvate thereof,
characterized 1in that the heavy chain nucleic acid coding
sequence of the Ab antibody is SEQ ID NO: 23, and the nucleic
acid coding sequence of the construct of the antibody light
chain and the single-chain Fv (scFv) structural domain is SEQ
ID NO: 21.

22. The ligand-camptothecin derivative conjugate as shown in
general formula I as claimed iIn any one of claims 1-21, or a
pharmaceutically acceptable salt or solvate thereof,
characterized in that the Ab antibody comprises: two 1gGl heavy
chains; two x light chains; and two single-chain Fv (scFv)
structural domains.

23. The ligand-camptothecin derivative conjugate as shown in
general formula I as claimed In any one of claims 1-22, or a
pharmaceutically acceptable salt or solvate thereof,
characterized in that said X i1s selected without limitation from
the following structures or isomers thereof:

\;,9% p%on v R0 Ry Low v ?«L%
0] , O , O ,» © » © » © » 0 ’

CF3
E “Ioz'L ¥ i 0% \;ﬂ/\ole \fn)\o% \§n><o:§i ?H/(o}i \:’H\o’%‘i
o] , O , O , O , O , O or o

where the left wavy line 1iIs connected to a camptothecin

derivative portion, and the right wavy line iIs connected to Ls.

24_. The ligand-camptothecin derivative conjugate as shown in
general formula I as claimed in any one of claims 1-23, or a
pharmaceutically acceptable salt or solvate thereof,
characterized in that Ls is selected without limitation from
peptide residues formed of amino acids,

wherein optionally, the amino acid is further substituted
with one or more substituents selected from deuterium atoms,
halogens, hydroxyl, cyano, amino, nitro, carboxyl, C1-C6 alkyl,
substituted C1-C6 alkyl, C1-C6 alkoxy and C3-C8 cycloalkyl or
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substituted C3-C8 cycloalkyl;

preferably, the peptide residue is a peptide residue formed
from one, two or more amino acids selected from phenylalanine
(F), glycine (G), valine (V), lysine (K), citrulline (C), serine
(S), glutamic acid (E) or aspartic acid (D);

more preferably, the peptide residue 1iIs a tetrapeptide
residue consisting of glycine (G) - glycine (G) - phenylalanine
(F) - glycine (G).

25. The ligand-camptothecin derivative conjugate as shown in
general formula I as claimed iIn any one of claims 1-24, or a
pharmaceutically acceptable salt or solvate thereof,
characterized in that:

Ls is selected without limitation from -NRs(CRsR7)q- Or a

chemical bond, and g i1s selected from integers 0-6;

Rs, Re and Rz are 1identical or different, and are each
independently selected from a hydrogen atom, a deuterium atom,
a halogen, a C1-C6 alkyl group, a substituted C1-C6 alkyl group,
a deuterated C1-C6 alkyl group, a C3-C8 cycloalkyl group, a C3-
C8 cycloalkyl C1-C6 alkyl group, a Cl1-C6 alkoxy C1-C6 alkyl
group, a 3-7 membered heterocyclic group, a substituted 3-7
membered heterocyclic group, a C6-C10 aryl group, a substituted
C6-C10 aryl group, a 5-10 membered heteroaryl group, and a
substituted 5-10 membered heteroaryl group;

preferably, Rs, Re and R7; are each independently selected
from a hydrogen atom or a C1-C6 alkyl group;

more preferably, Rs, Rs and R7 are each independently selected
from a hydrogen atom.

26. The ligand-camptothecin derivative conjugate as shown in
general formula I as claimed in any one of claims 1-25, or a
pharmaceutically acceptable salt or solvate thereof,
characterized in that the [linking unit -Li-L>-Ls3-Ls-Ls- 1is

selected without limitation from the following structures;

OH
o
o
o o O RgR 0] o O RgR
- H H oR7 3 ¢ H H R
%q Ay A e %N NWNQLNI L%
2 H H ‘ 2 H H \
o 0 o Rs o 0 0 Rs
Ac Ac .
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preferably:

ey Topeeriog
C}*ﬁr% $ J* qj*ww%wo Ny 5) A *f‘

wherein:

10

Ac is a hydrophilic structural unit;
15 Rs, Re and R7 are identical or different, and are each
independently selected from hydrogen atom, deuterium atom,

halogen, C1-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6
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alkyl, C3-C8 cycloalkyl, C3-C8 cycloalkyl C1-C6 alkyl, C1-C6
alkoxy C1-C6 alkyl, 3-7-membered heterocyclyl, substituted 3-7-
membered heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-
10-membered heteroaryl, and substituted 5-10-membered
heteroaryl;

preferably, Rs, Re and R; are each independently selected
from a hydrogen atom or a C1-C6 alkyl group;

more preferably, Rs, Rs and R7 are each independently selected
from a hydrogen atom;

the carbon atom No. 2 connected to N has absolute chirality
in the R configuration or the S configuration;

the left wavy line is linked to the antibody or its antigen-
binding fragment portion, and the right wavy line is linked to
the X;

o Is selected from integers 1-10.

27. A ligand-camptothecin derivative conjugate as shown in
general formula 11, or a pharmaceutically acceptable salt or
solvate thereof;

Ab

wherein:
Ab 1s a bispecific antibody or antigen-binding fragment
thereof that simultaneously targets EGFR and HER3;
L: 1s a linking unit connected to Ab, and 1s selected without
limitation from:
O
?1:§ § yﬁ%i % i % o) 0 jl il
Y , H 72L H JJ\ \)J\g{ ,;71 H‘}i ,IFSIAH‘}LL ,

COOH % cooH % & ,\;
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COOH
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L1 1s preferably © COOH ,“¥ COOH ;
) 0
O
§\<§N_§_ }2 u‘z_ /EL”L%
preferably L: is o, COOH Or COOH

Lz @s present or absent, and when L3 1is present, Lz is

H
H O oA

selected from O , 0 1s selected from integers 1-

10, preferably integers 2-8;

Ac 1s a hydrophilic structural unit;

the 1-position, 2-position and 3-position chiral carbon
atoms have two chiral configurations, the R-absolute
configuration or the S-absolute configuration;

R 1s selected from hydrogen atom, deuterium atom, halogen,
Cl1-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, C6-C10
aryl, substituted C6-C10 aryl, 5-10-membered heteroaryl, and
substituted 5-10-membered heteroaryl;

preferably R is selected from a hydrogen atom or a Cl1-C6
alkyl group;

R:1 Is selected from hydrogen atom, deuterium atom, halogen,
Cl1-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, carboxyl,
3-7 membered heterocyclyl, substituted 3-7 membered
heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-10
membered heteroaryl, and substituted 5-10 membered heteroaryl;

preferably R: is selected from a hydrogen atom or a C1-C6
alkyl group;

more preferably R; Is selected from C1-C6 alkyl;

R> 1s selected from hydrogen atom, deuterium atom, halogen,
Cl1-C6 alkyl, substituted Cl1-C6 alkyl, deuterated C1-C6 alkyl,
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C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, carboxyl,
3-7 membered heterocyclyl, substituted 3-7 membered
heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-10
membered heteroaryl, and substituted 5-10 membered heteroaryl;

preferably R> is selected from a hydrogen atom, a halogen or
a C1-C6 alkyl group;

more preferably R> is selected from halogen;

X selected from -C(0)-CRaRp-(CR3R4)n-0-, -C(0)-CRaRp-(CR3R4)m-
NH- or -C(0)-CRaRn-(CR3R4)m-S-;

preferably X is selected from -C(0)-CRaRp-(CR3R4)n-0-;

Ra and Rp are each independently selected from a hydrogen
atom, a deuterium atom, a halogen, a C1-C6 alkyl, a deuterated
Cl1-C6 alkyl, a halogenated C1-C6 alkyl, a C3-C8 cycloalkyl, a
C3-C8 cycloalkyl C1-C6 alkyl, a C1-C6 alkoxy C1-C6 alkyl, a 3-
7-membered heterocyclic group, a substituted 3-7-membered
heterocyclic group, a C6-C10 aryl, a substituted C6-C10 aryl, a
5-10-membered heteroaryl, and a substituted 5-10-membered
heteroaryl;

preferably, Ra and R, are each independently selected from a
hydrogen atom, a C1-C6 alkyl, a halo-Ci1-C6 alkyl, a C3-C8
cycloalkyl C1-C6 alkyl or a C6-C10 aryl C1-C6 alkyl;

alternatively, Ra, R, and the carbon atoms to which they are
attached form a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl Cl1-
C6 alkyl group, a 3-7-membered heterocyclic group, or a
substituted 3-7-membered heterocyclic group; preferably Ra, Ro
and the carbon atoms to which they are attached form a C3-C8
cycloalkyl group;

Rz and Rs are 1identical or different, and are each
independently a hydrogen atom, deuterium atom, halogen, C1-C6
alkyl, halogenated C1-C6 alkyl, deuterated C1-C6 alkyl, C1-C6
alkoxy, hydroxyl, amino, cyano, nitro, hydroxy C1-C6 alkyl, C3-
C8 cycloalkyl, 3-7-membered heterocyclyl, or substituted 3-7-
membered heterocyclyl;

preferably, Rz and Rs are each independently a hydrogen atom

or C1-C6 alkyl group;

266



10

15

20

25

30

alternatively, Rs, Rs and the carbon atoms attached thereto
form a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl C1-C6 alkyl
group, a 3-7-membered heterocyclic group, or a substituted 3-7-
membered heterocyclic group;

m is selected from the integers 0-4, preferably 0, 1;

n is selected from the integers 1-10.

28. The ligand-camptothecin derivative conjugate or
pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 1-27, characterized in that: the Ac has
the structure shown in formula B below,

?S‘NH

z/Y

B

wherein:

Z i1s selected without limitation from the group consisting
of one or more of a hydrophilic structural carboxyl group,
phosphoric acid, polyphosphoric acid, phosphorous acid,
sulfonic acid, sulfinic acid, or polyethylene glycol (PEG);

preferably Z 1is selected from a hydrophilic structural
carboxyl group, phosphoric acid or polyethylene glycol (PEG);

Y®" is an optional scaffold connecting the amino group to Z;
preferably Y* is C1-C6 alkyl;

Ac is linked to the 2-position carbon marked in structural
formula 1 via scaffold Y.

29. The ligand-camptothecin derivative conjugate or
pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 1-28, characterized iIn that: the Ac 1is
selected without limitation from glycine, (D/L) alanine, (D/L)
leucine, (D/L) isoleucine, (D/L) valine, (D/L) phenylalanine,
(D/L) proline, (D/L) tryptophan, (D/L) serine, (D/L) tyrosine,
(D/L) cysteine, (D/L) cystine, (D/L) arginine, (D/L) histidine,
(D/L) methionine, (D/L) asparagine, (D/L) glutamine, (D/L)
threonine, (D/L) aspartic acid, (D/L) glutamic acid, natural or
unnatural amino acid derivatives or the following structures or

isomers thereof,
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preferably |\COOH , I(LV/Tg or %N\/fof\iO\ .

30. The [ligand-camptothecin derivative conjugate or
pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 1-29, characterized iIn that: the Ac 1is
selected without limitation from a glycine, phosphoric acid,
(D/L) glutamic acid or polyethylene glycol hydrophilic structure.

31. The Iligand-camptothecin derivative conjugate or
pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 1-30, characterized 1iIn that the

x¥
o) R-N
0 \/N \-
[¢) ‘OH N £ R
R.  has the structure shown in formula d below;
Ra Rb
m
d
wherein:

R 1s selected from hydrogen atom, deuterium atom, halogen,
C1-C6 alkyl, substituted Cl1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy Cl1-C6 alkyl, C6-C10
aryl, substituted C6-C10 aryl, 5-10-membered heteroaryl, and
substituted 5-10-membered heteroaryl;
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preferably R is selected from a hydrogen atom or a Cl1-C6
alkyl group;

R:1 is selected from hydrogen atom, deuterium atom, halogen,
Cl1-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, carboxyl,
3-7 membered heterocyclyl, substituted 3-7 membered
heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-10
membered heteroaryl, and substituted 5-10 membered heteroaryl;

preferably, R: is selected from a hydrogen atom or a C1-C6
alkyl group;

more preferably, Ri is selected from C1-C6 alkyl;

R> Is selected from hydrogen atom, deuterium atom, halogen,
Cl1-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, carboxyl,
3-7 membered heterocyclyl, substituted 3-7 membered
heterocyclyl, C6-C10 aryl, substituted C6-C10 aryl, 5-10
membered heteroaryl, and substituted 5-10 membered heteroaryl;

preferably, R> is selected from a hydrogen atom, a halogen
or a C1-C6 alkyl group;

more preferably, R> is selected from halogen;

Ra and Rp are each independently selected from a hydrogen
atom, a deuterium atom, a halogen, a C1-C6 alkyl, a deuterated
C1-C6 alkyl, a halogenated C1-C6 alkyl, a C3-C8 cycloalkyl, a
C3-C8 cycloalkyl C1-C6 alkyl, a C1-C6 alkoxy C1-C6 alkyl, a 3-
7-membered heterocyclic group, a substituted 3-7-membered
heterocyclic group, a C6-C10 aryl, a substituted C6-C10 aryl, a
5-10-membered heteroaryl, and a substituted 5-10-membered
heteroaryl ;

preferably, Ra and Ry, are each independently selected from a
hydrogen atom, a C1-C6 alkyl group, a halo-C1-C6 alkyl group, a
C3-C8 cycloalkyl C1-C6 alkyl group, and a C6-C10 aryl group;

alternatively, Ra, Rp and the carbon atoms to which they are
connected form a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl Cl-
C6 alkyl group, a 3-7-membered heterocyclic group, or a

substituted 3-7-membered heterocyclic group; preferably Ra, Rob
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and the carbon atoms to which they are linked form a C3-C8
cycloalkyl group;

the 1-position chiral carbon atom has two chiral
configurations, the R absolute configuration or the S absolute
configuration;

m is selected from O or 1.

32. The ligand-camptothecin derivative conjugate or
pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 1-31, characterized in that: the structural
formula d i1s selected without limitation from the following

compounds:
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33. A linker-drug compound or a pharmaceutically acceptable
salt or solvate thereof, characterized by having the structure

shown in formula 111 below,
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wherein:

R is selected from hydrogen atom, deuterium atom, halogen,
Cl1-C6 alkyl, substituted C1-C6 alkyl, deuterated C1-C6 alkyl,
C3-C8 cycloalkyl Cl1-C6 alkyl, C1-C6 alkoxy C1-C6 alkyl, C6-C10
aryl, substituted C6-C10 aryl, 5-10-membered heteroaryl, and
substituted 5-10-membered heteroaryl;

Ra Is selected from hydrogen atom, deuterium atom, halogen,
Cl1-C6 alkyl, deuterated C1-C6 alkyl, halogenated C1-C6 alkyl,
C3-C8 cycloalkyl, C3-C8 cycloalkyl C1-C6 alkyl, C1-C6 alkoxy
Cl1-C6 alkyl, 3-7 membered heterocyclic group, substituted 3-7
membered heterocyclic group, C6-C10 aryl, substituted C6-C10
aryl, 5-10 membered heteroaryl, and substituted 5-10-membered
heteroaryl;

Rp Is selected from hydrogen atom, deuterium atom, halogen,
C1-C6 alkyl, deuterated C1-C6 alkyl, halogenated C1-C6 alkyl,
C3-C8 cycloalkyl, C3-C8 cycloalkyl C1-C6 alkyl, Cl1-C6 alkoxy
C1-C6 alkyl, 3-7 membered heterocyclic group, substituted 3-7
membered heterocyclic group, C6-C10 aryl, substituted C6-C10
aryl, 5-10 membered heteroaryl, and substituted 5-10-membered
heteroaryl;

alternatively, Ra, Rp and the carbon atoms attached thereto
form a C3-C8 cycloalkyl group, a C3-C8 cycloalkyl C1-C6 alkyl
group, a 3-7-membered heterocyclic group, or a substituted 3-7-
membered heterocyclic group;

Lz @s present or absent, and when Lz 1Is present, 1t 1is

H
N Oé/\ }/\/N‘\
fn/V of ¥
selected from ©O
10;

, 0 1s selected from integers 1 to
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the 1-position or 2-position chiral carbon atom has two
chiralities, the R absolute configuration or S absolute
configuration;

Ac is a hydrophilic structural unit;

m is selected from O or 1.

34. The linker-drug compound or pharmaceutically acceptable
salt or solvate thereof as claimed in claim 33, characterized
Iin that: the Ac has the structure shown in formula B below,

#NH
z7Y
B

wherein:

Z i1s selected without limitation from the group consisting
of one or more of a hydrophilic structural carboxyl group,
phosphoric acid, polyphosphoric acid, phosphorous acid,
sulfonic acid, sulfinic acid, or polyethylene glycol (PEG);

Y® is an optional scaffold linking the amino group and Z;

Ac is connected to the 2-position carbon Hlabeled 1in
structural formula I by means of scaffold Y;

preferably, the linker-drug compound or the pharmaceutically
acceptable salt or solvate thereof i1s used to couple with the
ligand Ab to form the ligand-camptothecin derivative conjugate
of formula I or formula 1l as claimed in any one of claims 1-
32.

35. The linker-drug compound or pharmaceutically acceptable
salt or solvate thereof as claimed in claim 33 or 34,
characterized iIn that: the Ac i1s selected without limitation
from glycine, (D/L) alanine, (D/L) leucine, (D/L) isoleucine,
(b/L) valine, (D/L) phenylalanine, (D/L) proline, (D/L)
tryptophan, (D/L) serine, (D/L) tyrosine, (D/L) cysteine, (D/L)
cystine, (D/L) arginine, (D/L) histidine, (D/L) methionine, (D/L)
asparagine, (D/L) glutamine, (D/L) threonine, (D/L) aspartic
acid, (D/L) glutamic acid, natural or unnatural amino acid

derivatives or the following structures,
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36. The linker-drug compound or pharmaceutically acceptable
5 salt or solvate thereof as claimed in any one of claims 33-35,
characterized iIn that: Ac i1s selected without limitation from a
glycine, phosphoric acid, (D/L) glutamic acid or polyethylene
glycol hydrophilic structure.
37. The linker-drug compound or pharmaceutically acceptable
10 salt or solvate thereof as claimed in any one of claims 33-36,
characterized in that the linker-drug compound 1is selected
without limitation from the following structures or isomers
thereof,

15
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5 wherein: o i1s selected from the integers 1-10.
38. A method for preparing a ligand-camptothecin derivative
conjugate as shown in general formula 1 or general formula 11
or a pharmaceutically acceptable salt or solvate thereof,

characterized by comprising the following steps,

—T1Ab
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a [ligand-camptothecin derivative conjugate as shown in
general formula I or general formula 11 i1s obtained by a coupling
5 reaction of a reduced antibody or antigen-binding Tfragment
thereof with a linker-drug compound;
the 1-position, 2-position, or 3-position chiral carbon atom
has absolute chirality in the R-configuration or S-configuration;
Ab, Li, L2, L3, L4, Ls, X, R, Ri, Rz and n are as described in
10 any one of claims 1-37.
39. The ligand-camptothecin derivative conjugate or
pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 1-32 or the method as claimed in claim 38,
characterized in that: the ligand-camptothecin derivative
15 conjugate or the pharmaceutically acceptable salt or solvate
thereof 1is selected without limitation from the Tfollowing
structures or succinimide open-ring structures thereof or

isomers thereof,
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40. The [ligand-camptothecin derivative conjugate or
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wherein:

SI-1x4 i1s a bispecific antibody or antigen-binding fragment
thereof that simultaneously targets EGFR and HER3, preferably
as described in any one of claims 2-3, 8-11 and 22;

n is selected from the integers 1-10.

41. The [ligand-camptothecin derivative conjugate or
pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 1-32 or the method as claimed in claim 38,
characterized in that: the ligand-camptothecin derivative
conjugate or pharmaceutically acceptable salt or solvate thereof
is selected without limitation from the following structures or

succinimide open-ring structures thereof or isomers thereof,
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wherein:

SI1-1x22 i1s a bispecific antibody or antigen-binding fragment
thereof that simultaneously targets EGFR and HER3, preferably
as described in any one of claims 2-3, 4, 12-14 and 22;

n is selected from the integers 1-10.

42. The [ligand-camptothecin derivative conjugate or
pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 1-32 or the method as claimed in claim 38,
characterized in that: the ligand-camptothecin derivative

conjugate or the pharmaceutically acceptable salt or solvate
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thereof

structures or succinimide open-ring structures thereof or

isomers thereof,
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wherein:
10 SI1-1x24 is a bispecific antibody or antigen-binding fragment

thereof that simultaneously targets EGFR and HER3, preferably

is selected without

limitation from the Tfollowing

as described in any one of claims 2-5, 15, 16 and 22;

n is selected from the integers 1-10.

43. The

15 pharmaceutically acceptable salt or solvate thereof as claimed

ligand-camptothecin

derivative
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in any one of claims 1-32 or the method as claimed in claim 38,
characterized in that: the ligand-camptothecin derivative
conjugate or pharmaceutically acceptable salt or solvate thereof
is selected without limitation from the following structures or

5 succinimide open-ring structures thereof or isomers thereof,
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wherein:

SI1-1x25 i1s a bispecific antibody or antigen-binding fragment
thereof that simultaneously targets EGFR and HER3, preferably
as described in any one of claims 2-3, 4, 12, 17, 18 and 22;
15 n is selected from the integers 1-10.
44. The [ligand-camptothecin derivative conjugate or
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pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 1-32 or the method as claimed in claim 38,
characterized in that: the ligand-camptothecin derivative
conjugate or pharmaceutically acceptable salt or solvate thereof
5 is selected without limitation from the following structures or
succinimide open-ring structures thereof or isomers thereof,
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wherein:

SI1-1x26 i1s a bispecific antibody or antigen-binding fragment
thereof that simultaneously targets EGFR and HER3, preferably
15 as described in any one of claims 2-3, 8, 19-21 and 22;
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n is selected from the integers 1-10.

45. The [ligand-camptothecin derivative conjugate or
pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 1-32 or 39-44 or the linker-drug compound
or pharmaceutically acceptable salt or solvate thereof as
claimed in any one of claims 33-37, characterized in that: the
pharmaceutically acceptable salt comprises a sodium salt, a
potassium salt, a calcium salt or a magnesium salt formed with
an acidic functional group in the structural formula, and
acetate, trifluoroacetate, citrate, oxalate, tartrate, malate,
nitrate, chloride, bromide, 1odide, sulfate, bisulfate,
phosphate, lactate, oleate, ascorbate, salicylate, formate,
glutamate, methanesulfonate, ethanesulfonate, benzenesulfonate
or p-toluenesulfonate formed with a basic functional group In
the structure.

46. A pharmaceutical composition, comprising the ligand-
camptothecin derivative conjugate or pharmaceutically
acceptable salt or solvate thereof as claimed iIn any one of
claims 1-32 or 39-44 or the [linker-drug compound or
pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 33-37, and optionally a pharmaceutically
acceptable carrier.

47. A pharmaceutical preparation, comprising the ligand-
camptothecin derivative conjugate or pharmaceutically
acceptable salt or solvate thereof as claimed iIn any one of
claims 1-32 or 39-44 or the [linker-drug compound or
pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 33-37.

48. The use of the ligand-camptothecin derivative conjugate
or pharmaceutically acceptable salt or solvate thereof as
claimed in any one of claims 1-32 or 39-44 or the linker-drug
compound or pharmaceutically acceptable salt or solvate thereof
as claimed in any one of claims 33-37, or the pharmaceutical
composition as claimed in claim 46 and/or the pharmaceutical

preparation as claimed in claim 47, in the preparation of a drug
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for the treatment or prevention of cancer or tumors;

alternatively, the use of the ligand-camptothecin derivative
conjugate or pharmaceutically acceptable salt or solvate thereof
as claimed in any one of claims 1-32 or 39-44 or the linker-
drug compound or pharmaceutically acceptable salt or solvate
thereof as claimed in any one of claims 33-37, or the
pharmaceutical composition as claimed in claim 46 and/or the
pharmaceutical preparation as claimed in claim 47, for the
treatment or prevention of cancer or tumors;

preferably, the cancer or tumor expresses EGFR and/or HER3;

more preferably, the cancer or tumor 1is selected from
adenocarcinoma, ovarian cancer, cervical cancer, uterine cancer,
prostate cancer, renal cancer, urethral cancer, bladder cancer,
liver cancer, gastric cancer, endometrial cancer, salivary gland
cancer, esophageal cancer, lung cancer, colon cancer, rectal
cancer, colorectal cancer, bone cancer, skin cancer, thyroid
cancer, pancreatic cancer, melanoma, glioma, neuroblastoma,
glioblastoma multiforme, sarcoma, lymphoma and leukemia, and
other solid tumors or blood tumors.

49. A method for treating or preventing cancer or tumors,
the method comprising administering to a subject In need thereof
a prophylactically or therapeutically effective amount of the
ligand-camptothecin derivative conjugate or pharmaceutically
acceptable salt or solvate thereof as claimed iIn any one of
claims 1-32 or 39-44 or the Ilinker-drug compound or
pharmaceutically acceptable salt or solvate thereof as claimed
in any one of claims 33-37, or the pharmaceutical composition
as claimed in claim 46 and/or the pharmaceutical preparation as
claimed in claim 47;

preferably, the cancer or tumor expresses EGFR and/or HER3;

more preferably, the cancer or tumor 1is selected from
adenocarcinoma, ovarian cancer, cervical cancer, uterine cancer,
prostate cancer, renal cancer, urethral cancer, bladder cancer,
liver cancer, gastric cancer, endometrial cancer, salivary gland

cancer, esophageal cancer, lung cancer, colon cancer, rectal
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40

45

cancer, colorectal cancer, bone cancer,

cancer, pancreatic cancer, melanoma, glioma,

glioblastoma multiforme, sarcoma,

other solid tumors or blood tumors.

308

lymphoma and

skin cancer,
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