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ABSTRACT

Provided are an anticancer compound comprising a clcavable linker specifically activated in a
tumor microenvironment, and use thereof. The anticancer compound is represented by the following
formula, wherein, R, is a normal functional group or a protection group; R, is Ala, Thr, Val or lle; Ry is
Ala, Val or Asn; Ry is a drug group linked via a hydroxyl group or an amino group; and the general
formula of the drug is R4H. The anticancer compound is only activated at a local portion of a tumor, thus
avoiding the defect of immune system damage of a traditional chemotherapeutic drug, and promoting
tumor immunization by removing a tumor immunosuppression cell. The anticancer compound or
pharmaceutical composition thereof is jointly used with immunotherapy, thus improving the effect of

treating the tumor, and effectively inhibiting tumor metastasis and osseous metastasis.
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DESCRIPTION

Small Molecule Conjugates Specifically Activated in Tumor Microenvironment

for Targeting and Use thereof

Technical Field
The present disclosure belongs to a ficld of pharmaccutical chemistry, relating to an anti-tumor drug
compound. Specifically, the present disclosure relates to a cleavable linker specifically activated in tumor

microenvironment, an anti-tumor compound comprising a conjugate and usc thereof.

Technical Background

Conventional cytotoxic chemotherapy drugs have great toxicity to human normal cells and immune
system. For cxample, Docetaxel and Paclitaxel are effective anti-tumor agents widely used at present. They
are mainly used in various solid tumor, such as ovarian cancer and breast cancer, and have a certain efficacy
against lung cancer, intestinal cancer, imelanoma, head and neck cancer, lymphoma and cerebroma.
Clinically, these two compounds have serious toxicity, éuch as arrest of bone marrow, and allergic reaction,
and thus their doscs have been restricted. Docetaxel exhibits bone marrow toxicity, resulting in reduction in
neutrophilic granulocytes, and neurotoxicity and cardiovascular toxicity. Docetaxel can induce an allergic
reaction, and a local inflammation, alopecia, hypodynamia, or even liver toxicity if it overflows the blood
vessel. Mitomyecin is another effective antitumor agent widely used at present. It is mainly used in various
solid tumors, such as stomach cacer, colon cancer, liver cancer, pancreatic cancer, non-small cell lung cancer,
breast cancer, and malignant pleural and ascitic fluid. However, clinically, mitomycin cxhibits a serious
toxicity and adverse reaction, its dose thus is restricted. Mitomycin can induce a bone marrow toxicity,
resulting in reduction in leucocytes and platelets. It can also induce phlebitis, and tissue necrosis, alopecia,

hypodynamia and hepatorenal damage if it overflows the blood vessel.

Docetaxel Paclitaxel Mitomycin

In the tumor microenvirenment, the tumor cells express and secrete a great amount of asparagine
endopeptidases. Expression of asparagine endopeptidase can distinguish the tumor-associated macrophage
(M2 type) from the mononuclear cell and the inflammatory macrophage (M1 type). The cytokines secreted
by tumor induce thec mononuclear cells to transform to tumor-associated macrophages. The tumor-associated
macrophages can stimulate and produce strong immunosuppression and dircctly help infiltration and
metastasis of tumor cells. Meanwhile, a great amount of proteolytic enzymes are produced during metastasis
of tumor celis to degrade intercellular matrix. Thus, new compounds can be chemically synthesized and
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screended based on biochenmuistry and pharmacological detection and screening to {ind a chemical conjugate
that is ablc to be activated by asparagine endopeptidase and conjugated to drug via a secondary activated
linker. The conjugate can link different groups for solubitity or modification as needed to drugs for
chemotherapy having specific cytotoxicity, thus producing new drugs having new functions, such as new

targeting, activation, stability, solubility, mctabolism, toxicity and cfficacy, etc.

Summary of Invention

In order to develop antitumor drugs, the present disclosure creates a cleavable linker having
changeable propertics, such as activation by targetedly conjugating and treatment by dissolution, and
provides compounds containing a cleavable linker, as shown in formulae (1) and (II). Use of the cleavable
linker of the present disclosure, which can be specially activated in a tumor microenvironment, can
effectively block the toxicity of the linked drug Ry. Then the compounds are targetedly activated by an
asparagine cndopeptidase in the tumor microenvironment and the 4-aminobenzyl-OC(O)- is self-released,
allowing the final drugs the bring about new targeting, activation and metabolism properties.

Specifically, in the compounds containing a cleavable linker, the cleavable linker is the modified
tripeptide in the brackets, -R;-Ry-Asn-4-aminobenzyl-OC(O)-. R, and Ry link together through the cleavable
linker, wherein R, links to the cleavable linker through an amido bond formed by its carbonyl, and R, links
to the clcavable liner through carbonic acid ester bondformed by its oxygen atom with the cleavable linker
or through carbamate formed by its nitrogen atom with the cleavable linker:

Ry {- Rs- Rs- Asn- 4-amino benzy!l -OC(O)-} Ry (1),

H
R—R, —R3~Asn~—N—@—\ F
04,

o
an

wherein

R, is a functional group for increasing solubility or a protective group;

R, is an amino acid moiety selected from the group consisting of Ala, Thr, Val and Ile, R, forms an
amide bond with R, through a carbonyl group of}

R; is an annno acid moiety selected from the group consisting of Ala, Thr, Val and Asn;

R; links to Ry through an amido bond, R; links to Asn through an amido bond, and Asn links to -NH-
through its carbonyl;

R, 1s a drug group linking to the cleavable linker through carbonic acid cster bond or carbamate
formed by its hydroxyl or amino;

the compounds containing the cleavable linker canbe cleavable by contact with an asparagine
endopeptidase and then is separated from Ry; and

breakage of the compound containing the cleavable linker by contact with an asparagine
endopeptidase causes further cleavage of the carbonic acid ester bond or carbamate formed with R4,
resulting in that R, is separated from the cleavable group.

In the present disclosure, compounds containing activatable conjugates were synthesised, the
2
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compounds (formula (I),(I1) ) containing a clcavable linker have the following structure-ctficacy relationship
of structure and activation:

(1) The activatable conjugates can react with hydroxyl or amino group having proper activation grade
in the toxic function related key part of Ry via group conversion, and couple to form drugs wih new structure.
The resultant compounds have different activation efficiencies by asparagine endopeptidasc due to their
different steric hindrances. This is because the enzyme active center of asparagine endopeptidase locates at
the bottom of it’s globular depression. The cleavage site needs to approach the active center. Thus, the
polarity of the linking site bccomes important as it will determine whether a steric hindrance to the cleavage
site is produced by the linked compound. The extension and secondary breakage of 4-amino benzyl -OC(0)-
arm cffcctively reduce the steric hindrance from some drugs. However, in the present disclosure S6, S20 and
some unpublished compounds cannot be activated bacause of steric hindrance. Although they are
synthesised, they cannot form functional compounds containing a cleavable linker, (2) Through specific
activation by asparagine endopeptidase specially cxpressed by tumor cells or tumor associated macrophages,
the compounds containing the cleavable linker arc locally activated in the tumor and thus have a targeted
cytotoxicity. The drugs which could not be activated duc to steric hindrance are not toxic or have Jow
toxicity to the cells, and they cannot form anti-tumor drugs, (3) Cytotoxicity of drugs decreases greatly after
connecting the conjugate, because the conjugate reacts with hydroxyl or amino group of drugs, and the
active hydroxyl or amino groups on cell surface are usually key groups for drug cytotoxicity. (4) The
compounds containing the cleavable linker are stablc in non-tumorous environment, such as inblood, normal
organs, imimune system and in neutral pH, and have no toxic or low toxicity. (5) The asparagine
endopeptidase cleaves the conjugate at the Asn site. According to the analysis on the mctabolites, only
breakage can initate the activation between 4-amino benzyl -OC(Q)- and Ry, and thus assisting the cascade
activation. (6) As a linking arm, 4-amino benzyl -OC(O)- can cxtend the linkage, and thus can effectively
reduce the steric hindrance close to the reactive center of the asparagine endopeptidase afier linking to R,.
However, the activation by contacting with asparagine endopeptidasc is still affected by the structure and
polarity of Ry. (7) The polarity, solubility coming with R, are related to the activation efficency of the
conjugate, and are closely relevant to the solubility, stability and efficacy of the drugs containing the
cleavable linker. In addition to the couventional linking group, R, can link to a special hydrophilic group or
targeted group to bring a special function for the drugs containing the cleavable linker, such as improvement
of solubility, and efficacy in the Exampies.(8) In line with the distribution of the asparaginc cndopeptidase,
the compounds containing the cleavable linker can be activated in many kinds of tumors. They can broaden
the scope of the discases to be treated by the drug due to the changed solubility. Therefore, antitumor drugs
against various tumor or a specific tumor can be developed. (9) During metastasis of tumor cclls, a great
amount of asparaginc endopeptidases are secreted by the cells to degrade intercellular matrix. Therefore, the
targeted drugs after linking to the cleavable linkerexhibit a special efficacy to tumor metastasis.(10) The
compounds containing the cleavable linker have low toxicity and high efficacy, they arc nontoxic to immnuc
system and can be combined with immunotherapy at the samie time, making a synergistic cfficacy.

Description of the compounds and examples are as follows:

(1) Compounds S51~843, §15°, B15 and E15: Demonstrating new anti-cancer compounds can be
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synthesized by linking to the cleavable linker via two types of connection (Example 1-9), different
anti-cancer compound shows synthetic cfficiency and toxicity reduction (Example ), different activation
efficiencies (Example 10, 11) and efficacy (Example 12), providing comparative studies for the cleavable
linker when used together with different R|, Ry, Ry (Example 13~14).

(2) Compounds S2° ~84" and S10°~S24°, and compounds Al, A3~A4 and A10~A24: indicating that
Docetaxel compounds containing the cleavable linker and different Ry, R, and R, can be synthesized
(Example 16, 17, 27 and 28). The linking site, steric hindrance, connection length and variation of R, bring
about different solubility (Example 17 and 28, improved solubility), different activation efficiency
(Examplc20 and 30), low toxity, high cfficacy and new indications (Example 20-26, 31-35 and 66).

(3) Compounds B1, B3~B4 and B10~B24, compounds D2~D4 and D10~D24: indicating that
Docetaxel compounds containing the cleavable linker and different R, R; and R; can be synthesized
(Example 36, 37, 46 and 47). The linking site, steric hindrance, connection length and variation of R1 bring
about different solubility (Example 37 and 47, improved solubility), different activation efficiency (Example
38 and 49) , low toxity, high efficacy and new indications(Example 40-45 and 50-54).

(4) Compounds E2~E4 and E10~E24: indicating that Mitomycin compounds containing the cleavable
linker and different R}, R; and R; can be synthesized (Example 56 and 57). The linking site, steric hindrance,
connection length and variation of R, bring about different solubility (Example 57, improved solubility),
different activation efficiency (Example 58) , low toxity, high efficacy and new indications (Example
59-65).

In one cmbodiment, the compound of formula (II) has a structure as sct forth in any of the following

formulae (I1A), (JIB), (IIC), (IID), (111), (IV), (V), (VI), (VID, (VIII), and (IX):
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5 wherein

R is selected from the group consisting ot 6-maleimide-C,_j, alkylcarbonyl,

hydroxylaminocarbonyl-C, ;s alkylcarbonyl, C, s alkoxyl-(C,, atkoxyl) ,-C, ¢ alkylcarbonyl, or

LY

wherein each R is independently a Cy4alkyl, and cach n is independently any integer between 1-300,

10 preferably 1-150;
R, is Ala, Thr, Val or lle;
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R; is Ala, Thr, Val or Asn;

R is the active moiety of an anticancer compound containing a hydroxyl group (Rs-OH), i.e., a
moicty except the hydroxyl group used for linking, wherein the anticacer compound is sclected from the
group consisting of Camptothecin, 10-Hydroxyl Camptothecin, Topotecan, Floxuridine,
5'-Deoxy-5-Fluorouridine, Cytarabine, Etoposide, Fludarabine, Capecitabine, Vincristine, Epothilone B,
Paclitaxel and Docetaxel; and

R, is the active moiety of an anticancer compound containing an amino group (Rs-NHy), i.e., a moiety
except the amino group used for linking, wherein the anticacer compound is sclected from the group
consisting of Daunorubicin, Epirubicin, Methotrexate, Fludarabine, Gemeitabine, Cytarabine,
MelphalaN,Nimustine, Mitoxantrone and Mitomycin.

The present disclosure also provides a pharmaceutical composition comprising the compound of
formula (II) or a pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier or
excipient.

The present disclosure provides a method for preparing a compound of formula (I1I) or (IV), which is

shown as follows:

H
Ryrbly Ryt R

H

o B B B B

n, RE.OH
\

// b3

Py Fiy Hy o

Ho g,
b Ry By ANk,
R

R,

S H
(CCIORLA ™ Ri—RgRg=psaM- o 4

wherein the preparation of the compound of formula (III) comprises reacting R;-Rz-R3-Asn-4-amino
benzyl aicohol with 4-nitrophenyl chloroformate or (CCL10),CO to form an active carbonic acid ester bond
or chloroformate, and then reacting the active carbonic acid ester bond or chloroformate with the drug
comprising a hydroxyl group (Rs-OH) to form the compound of formula (III), wherein the drug is selected
from the group consisting of Camptothecin, 10-Hydroxyl Camptothecin, Topotecan, Floxuridine,
S'-Dcoxy-5-Fluorouridine, Cytarabine, Etoposide, Fludarabine, Capecitabine, Vincristine, Epothilone B,
Paclitaxel and Docetaxel;

the preparation of the compound of formula (IV) comprises reacting R;-R;-R3-Asn-4-amino benzyl
alcohol with 4-nitrophenyl chloroformate or (CCLO).CO to form an active carbonic acid ester bond or
chloroformate, and then reacting the active carbonic acid ester bond or chloroformate with the drug
comprising an amino group (ReNI,) to form the compound of formula (IV), wherein the drug is selected
from the group consisting of Daunorubicin, Epirubicin, Methotrexate, Fludarabine, Gemcitabine, Cytarabine,
MelphalaN,Nimustine, Mitoxantrone and Mitomycin:

wherein R, is a conventional functional group or a protecting group: R, is Ala, Thr, Val or Ile; and Ry

is Ala, Thr, Val or Asn.
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The present disclosure provides use of the compound of formula () or a pharmaccutically acceptable
salt thereof or the pharmaceutical composition of the present disclosure in the manufacturc of a medicament
for treating or preveuting a cancer.

The present disclosure provides use of a mitomycin derivative as shown in formula (IX) or a
pharmaceutically acceptable salt thereof in the manufacture of a medicament for treating or preventing an
ophthalmic disease.

The present disclosure provides use of the compound of formula (IT) or a pharmaceutically acceptable
salt thereof or the pharmaceutical composition of the present disclosure in the manufacturc of a medicament
for inhibiting tumor-associatcd macrophages, tumor growth, angiogenesis or infiltration and metastasis of
tumor cells, and/or promoting anti-tumor imniunization.

The present disclosure also provides a method for treating or preventing a cancer, comprising
administering a subject in need thereof a therapeutically or prophylactically effective amount of the
compound of formula (IT) or a pharmaceutically acceptable salt thereof or the pharmaceutical composition
of the present disclosure.

The present disclosure also provides a method for reducing the toxicity of an anticancer compound,
comprising linking the anticancer compound to R;-R;-Rs, wherein R, is a conventional functional group or a
protecting group; R; is Ala, Thr, Val or Tle; Ry is Ala, Thr, Val or Asn; and the anticancer compound is
selected from the group consisting of Camptothecin, 10-Hydroxyl Camptothecin, Topotecan, Floxuridine,
5'-Deoxy-5-Fluorouridine, Cytarabine, Etoposide, Fludarabine, Capecitabinc, Vincristine, Epothilone B,
Daunorubicin, Epirubicin, Methotrexate, Gemcitabine, MelphalaN,Nimustine, Mitoxantrone, Paclitaxel,

Docetaxel and Mitomycin.

Brief Description of the Drawings

Fig. 1 shows comparative experiments performed in HT1080 model by using a high dose of
Lcgutaxel, Capxol and Paclitaxel injections , which were used at an cqual molar dose and at an equal
toxic dose.

Fig. 2 shows the cxperimental results obtained from immunological stimulation test for
Paclitaxel and Legutaxel, demonstrating that morc toxic CD8 T cells (shown by the arrows in the right
pancl) were permeated from the tumor tissue treated by Lagutaxel.

Fig. 3 shows the experimental results obtained from immunological stimulation test for

Paclitaxel and Legutaxel.

Specific Mode for Carrying Out the Invention

I. Compounds

The compounds of the present disclosure comprises conjugates as shown in formula (A}, and
compounds of formula (IT) formed by conjugating the conjugates to a drug Ry. The compounds of formula
(IT) could accumulate at the tumor site, and are specifically activated, thus releasing the antitumor
compound.

The compound of formula (A) of the present disclosure has a structure as sct forth below:

7
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H =
R1“‘R2_R3_ASH_N_‘{\{ >‘m\

J

-

wherein, R, 1s a conventional functional group or a protecting group; R, is Ala, Thr, Val or Ile; R; is Ala, Thr,
Val or Asn; and R, is H, XC(O)-, or optionally substituted benzyloxycarbonyl (for example, optionally
substituted by 1, 2 or 3 substituents selected from the group consisting of nitro, C, 4 alkyl, halogen, hydroxyl
and amino), wherein X is halogen; wherein R, links to R; through an amido bond formed by the carbony! of
R;; and amino bonds are formed between R, and Rj, Ry and Asn, and Asn and -NH-.

The present disclosure also provides a compound of formula (11) :

e,

H £ w
R1_R2 _R3_A5n_“N—<\l\ ;:) """"" N, F{,«;

Y
wherein R, is a conventional functional group or a protecting group; Ra is Ala, Thr, Val or lle; R; is Ala, Thr,
Val or Asn; and R, is an active moiety of a drug linking through hydroxyl or amino group, and the drug is
represented by formula Ry-H.

In some embodiments, in the compounds of the present disclosure, R, ilinks to R, by forming an
amide bond via its carbonyl, R, Ry and Asn form a tripeptide, Asn links to -NH- via its carbonyl, R, links to
the cleavable linker through carbonic acid ester bond formed by its oxygen atom with the cleavable linker or
through carbamate formed by its nitrogen atom with the cleavable linker.

In scme preferred embodiments, R4 links to the cleavable linker through a carbamate formed by its
nitrogen atom of the amino substituent on the aromatic ring with the cleavable linker, or through carbonic
acid ester bond formed by its oxygen atom of hydroxy! substituent on the aromatic ring or heterocycle with
the cleavable linker.

In some embodiments, R; is preferably Ala.

In the present disclosure, Ry can be H or an amino protecting group. For example, R, can be a
hydrophilic or hydrophobic group. Alternatively, R; can be selected from any of Cy ¢ alkyl (such as methyl,
ethyl, propyl, butyl, pentyl, hexyl), polyethylene glycol-C, s alkylcarbonyl, succinyl, glucosiduronide,
malcimide-Cy. g alkylcarbonyl (such as 6- maleimide caproyl), 2-methoxyethoxy-C, ¢ alkylcarbonyl,
hydroxylaminocarbonyl-Cy_jg alkylcarbonyl (such as N-hydroxylamino-1,8- octandioic acid-1- monoacyl)
and caproy!l (C s alkylcarbonyl).

Preferably, Ry can be 6-maleimide-C, .y alkylcarbonyl, hydroxylaminocarbonyl-C_yg alkylcarbonyl,
Cy.4 alkoxyl-(C, 4 alkoxyl) ,-C . alkylcarbonyl, or
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wherein each R is independently a C,., alkyl, and cach n is independently any integer between 1-300,
preferably 1-150.
Preferably, when R4-H is a water-insoluble drug, R is preferably a PEG-type group, such as
polycthylene glycol-C,-Cs alkylcarbonyl, or
o

RIS AN R/u\

H

iz

o)
R~(\O/R\/>,r?\ R)Lﬁ/ R \/’\g/

Generally, R, links to the amino group of R,, and when R links to R, via its carbonyl, an amide
linkage (-CO-NH-) forms.

In the present disclosure, Ry is the active moiety of an anticancer compound, wherein the anticancer
compound includes, but is not limited to, Camptothecin, 10-Hydroxyl Camptothecin, Topotecan,
Floxuridine, 5'-Deoxy-5-Fluorouridine, Cytarabine, Etoposide, Fludarabine, Capecitabine, Vineristine,
Epothilone B, Daunotubicin, Epirubicin, Mcthotrexate, Gemeitabine, MelphalaN,Nimustine, Mitoxantrone,
Paclitaxel, Docetaxel and Mitorycin.

The compounds of formula (1I) may include the compounds having any of the following structures:

H /,‘“‘17‘\ H / /Zfii“‘,“ﬁ \\\
— e et N - —Val—Ala— [N N JyS— . o
R{—Thr—Ala—Asn N "‘l\ 7N /R,, Ry—Val—Ala—Asn M .\\ /},‘ \ f}(,ﬂ
............. oy “\5\ X, L3 Kﬁ\
‘O 0
H / H / e “.\
R,—lle—Ala—Asn wa{\\\ /RV. Ry—Ala—Ala—Asn Nm(\\\\ Py 25
e \-\:’:‘\ ,,,,,,,, / {3 ;\
gy
O, and <

In one embodiment, R, is <O-Rs, and the compound of formula (IT) has a structure set forth in the

following formula (111) :

H = -
R1—R2-R3—ASH—N‘<3 ""\\ O"'R5
7 o

O (11

wherein Rs is the active moiety of an anticancer compound containing a hydroxyl group (Rs-OH), ie., a
moiety cxcept the hydroxyl group used for linking, wherein the anticancer compound is selccted from the
group consisting of Camptothecin, 10-Hydroxyl Camptothecin, Topotecan, Floxuridine,
5'-Deoxy-5-Fluorouridine, Cytarabine, Etoposide, Fludarabine, Capecitabine, Vincristine, Epothilone B,
Paclitaxel and Docetaxe.

In one embodiment, R, is Re-NH, and the compound of formula (II) has a structure set forth in the

following formula (1V) :

/ 5
Ry—RyRg—Asn—N-—4 2=~ (HIN-Rg
o)

wherein Ry is the active moicty of an anticancer compound containing an amino group (Rs-NI), i.e., a
9
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moiety except the amino group used for linking, wherein the anticacer compound is selected from the group
consisting of Daunorubicin, Epirubicin, Methotrexate, Fludarabine, Gemcitabine, Cytarabine,
MelphalaN,Nimustine, Mitoxantrone and Mitomycin. In formula (IV}), “(F)” represents that H is present or
not present; if 11 is not present, N links to R via a double bond.

5 In each structure of the present disclosure, n generally is an integer in the range of 1-300. i.c. 1, 2, 3, 4,
5,6,7,8,9,10...... 100, 101, 102, 103...... 201,202, 203...... 295, 296, 297, 298, 299 and 300. It should be
understood that, although each integer between 1-300 1s not specifically described, these un-described
integers are obvious to the skilled artisan, and it should be constructed as that the present disclosure has
literally disclosed all of the integers falling within the range. In the present disclosure, n in each structure

10 generally is in the range of 1-250, 1-200, 1-150, 1-100, 1-50, and such as 5-10, 5-50, 5-100 and the like.
In one embodiment, compounds of formula (111) include:
(1) Compound S1 in which R, is 2-(2-methoxyethoxy) acetyl, R, is Thr, R; is Ala, and R, is

10-hydroxyl camptothecin
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15 (2) Compound S2 in which R; is 2-(2-methoxyethoxy) acetyl, R, is Ala, Ry is Ala, and Ry is
camptothecin
/O\/\ 0/\( ", Nww\,[fl;; o ’\0
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(3) Compound S3 in which R, is (N-hydroxylamino)-1,8-octandioic acid-1- monoacyl, R, is Ala, Rs

is Ala, and R, is Capecitabine
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(4) Compounds S7-S18, wherein R is 2-(2-Methoxycthoxy)Acetyl, R, is Thr, R; is Ala and Ry is
Camptothecin (S7), 10-Hydroxy! Camptothecin (S8), Topotecan (S9), Floxuridine (S10),
5'-Deoxy-5-Fluorouridine (S11), Cytarabine (S12), Fludarabine (S13), Etoposide (S14), Capecitabine (S15),

25 Gemcitabine (S16), Vincristine (S17), or Epothilone B (S18). The compounds and the position of the
hydroxyl are as follows:

[0
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38, 10-hydroxyl camptothecin-cleavable linker which is specifically activated in the tumor

microenvironment

S9, topotccan-cleavable linker which is specifically activated in the tumor microenvironment
O
A F
HN §

SR

S11, 5'-Deoxy-5-Fluorouridine-cleavable linker which is specifically activated in the tumor

microcnvironment

S12, Cytarabine-cleavable linker which is specifically activated in the tumor microenvironment
11
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S15, capecitabine-cleavable linker which is specifically activated in the tumor microenvironment
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S17, Vincristine-cleavable linker which is specifically activated in the tumor microenvironment

Q} e, Q.. $
I

S18, Epothilone B-cleavable linker which is specifically activated in the tumor microcnvironment
In one embodiment, compounds of formula (IV) include:

(1) Compound S4 in which R, is 2-(2-methoxyethoxy) acetyl, R, is Thr, R; is Ala, and R4 is
Daunorubicin
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(2) Compound S5 in which R, is 6-malcimide caproyl, R; is Ala, R; is Ala, and R, is Daunorubicin
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(3) Compounds S19-S28, wherein R, is 2-(2-Methoxyethoxy)Acetyl, R; and R; are Ala, R, is
Daunorubicin (S19), Epirubicin (S20), Fludarabine (S21), Gemcitabine (522), Nimustinc (S23),

Mitoxantrone (S24), Methotrexate (S25), Cytarabine (S26) , Melphalan (S27) or Doxorubicin (S28). The
compounds and the position of the amino group used for linking are as follows:

R
Ry
szﬂ
it

S20, Epirubicin-clcavable linker which is specifically activated in the tumor microenvironment
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[316] TH

S21, Fludarabine-cleavable linker which is specifically activated in the tumor microenvironment
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S24, Mitoxantrone-cleavable linker which is specifically activated in the tumor microenvironment
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S25, Methotrexate-cleavable linker which is specifically activated in the tumor microcnvironment
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S26, Cytarabine-cleavable linker which is specifically activated in the tumor microenvironment



CA 02958495 2017-02-17

o !

$28, Doxorubcin-cleavable linker which is specifically activated in the tumor microenvironment
5 In one embodiment, the present disclosure provides a paclitaxel derivative for targeted activation in

the tumor microenvironment, which has a structure as sct forth in the following fornula (V) :

V)

wherein R, is Ala, Thr, Val or Ile; R; is Ala, Thr, Val or Asn; n is any integer between 1-300,
preferably between 1-150.
10 Compounds of formula (V) include but is not limited to the following compounds:

(1) Compound S1” in whichnis 1, Ry is Alaand Rs is Ala

v

15 (3) Compound S3” in which n=11, Ry is Ala and Ry is Ala

15
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(5) Comnpounds S10°-824” in which nis 1 and R and K, are shown in the 1‘23Huwing table:
No. of Compound R, Ry n
St Ala Thr 1
S11” Ala Val 1
S12 Ala Asn 1
S13° Thr Ala I
S14’ Thr Thr |
S15° Thr Val 1
St16° Thr Asn 1
S17° Val Ala 1
S18’ Val Thr ) 1
S19° Val Val 1
S20° Val Asn 1
S21° He Ala 1
5227 Ile Thr 1
s e val 1
S24° lle Asn 1

In one embodiment, the present disclosure provides a water-soluble paclitaxel derivative for targeted

activation, which has a structure as set forth in the following formula (VI) :

(vVI)
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wherein R, is Ala, Thr, Val or Ile, Ry is Ala, Thr, Val or Asn, and n is any integer between 1-300, preferably

between 1-150.

Compounds of formula (V1) include but is not limited to the following compounds:

(1) Compund A1 in whichn is 1, Ry is Ala and Ry is Ala

10

Other compounds of formula (V) include the following compounds, in which n is 5 and R, and R; are

15 shown in the following table:

No. of Compound R | Rs
Al0 Ala Thr
All Ala Val
Al2 Ala Asn
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Al3 o Thr Ala
Al4 Thr Thr
AlS Thr Val

Al6 Thr Asn
Al7 Val Ala
Al8 Val Thr
A20 Val Asn
A2l Ile Ala
A22 Ile Thr
A23 lle Val

A24 Ile Asn

The present disclosure turther provides a water-soluble Docetaxel derivative for targeted activation of
tumor, which has a structure as set forth in the following formula (VII) :
o6
L 8K

o o

[ Fa]

(VID
wherein R, is any one amino acid sclected from the group consisting of Ala, Thr, Val and Ile; R; is any one
5 amino acid selected from the group consisting of Ala, Thr, Val and Asn; n is any integer between 1-300,
preferably between 1-150.
Compounds of formula (VII) include but is not limited to the following compounds:
(1) Compound BI in whichnis 1, Ry is Ala and R; is Ala

@ [ER SN
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10 (2) Compound B2 in which nis 5, R; is Ala and R; is Ala
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Compounds of formula (VII) further comprise the following compounds:

02958495 2017-02-17

No. of Compound R, R; n
BI0 Ala Thr 5
Bll Ala Val 5
B12 Ala Asn 5
B13 Thr Ala 5
B14 Thr Thr 5
B15 Thr Val 5
B16 Thr Asn 5
B17 Val Ala 5
B18 Val Thr 5
B19 Val Val 5
B20 Val Asn IEN
B21 lle Ala 5
B22 lic Thr 5
B23 Ile | Val 5
B24 Ile Asn 5
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The present disclosure further provides a Docetaxel derivative for targeted activation of tumor

microenvironment, which has a structure as sct forth in the following formula (VIII) :

(VI

wherein R, is any one amino acid selected from the group consisting of Ala, Thr, Val and Ile; R; is any one
5 amino acid selected from the group consisting of Ala, Thr, Val and Asn; n is any integer between 1-300,
preferably between 1-150, more preferably between 1-20, and most preferably between 1-11.
Compounds of formula (VIII) include:
(1) Compound D1, in which n is 1, R; and Ry are Ala

(4) Compound D4, in which n is 300, R, and R; are Ala

20
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Other compounds of formula (VIH} comprise the tullowing compounds:

No. of Compound R, R; n
D10 Ala Thr 1
DIl Ala Val 1
D12 Ala Asn 1
D13 Thr Ala 1
D14 Thr Thr 1
D15 Thr Val 1
D16 Thr Asn 1
D17 Val Ala 1
D18 Val Thr 1w
D19 Val Val 1
D20 N Val Asn 1
D21 lle Ala 1
D22 Tle Thr ]
~~ D23 lie h Val {
%"524 Ile Asn 1 t

In one embodiment, the present disclosure provides a mitomycin derivative for rcleasc by targeted

activation having a structure shown in the following formula (1X) :

(IX);

whercein Ry is any amino acid selected from the group consisting of Ala, Thr, Val and Ile; R, is any amino

acid sclected from the group consisting of Ala, Thr, Val and Asn; n is any integer between 1-300, preferably

21
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between 1-150, more preferably between 1-20, and most preferably between 1-11.

Examples of compounds of formula (IX) include:

(1) Compound El, in which n is 1 and R; and Ry are Ala

ity

oyh
ey
5 (2) Compound E2, in which n is S and R; and R; are Ala

Ni 1:

!
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(3) Compound E3, in which nis 11 and R; and R; are Ala

(4) Compound E4, in which nis 300 and R; and R; are Ala
P

(4

A
ey W)L“rr”j =

10
Examples of compounds of formula (1X) further comprise:

No. of Compound | R; R, n

E10 Ala Thr 1

Ell Ala Val 1

El2 Ala Asn 1

E13 Thr Ala 1

E14 ~ Thr Thr B

EI5 Thr Val ]

El6 Thr Asn ]

E17 va Ala R
El8 Val Thr ]

E19 Val vl e

E20 Val Asn |
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E21 lle Ala I |
E22 lie T ! |
E23 e Val 1 » l
i E24 lle Asn 1 %

The pharmaceutically acceptable salt of the above compounds are also included in the present
disclosure. Examples of pharmaceutically acceptable salts include inorganic and organic acid salts, such as
hydrochloride, hydrobromide, phosphate, sulphate, citrate, lactate, tartrate, maleate, fumarate, mandelate
and oxalate; and inorganic and organic base salts with bases, such as sodium hydroxy, Tris (hydroxymethyl)

aminomethane (TRIS, tromethamine) and N-methyl-glucamine.

11. Preparation of Compounds
R-Rp-R;-Asn-4-amino benzyl alcohol is used as the key intermediate in the present disclosure to

prepare the present compounds. Preferably, the reaction schemes for preparing the present compound are as

follows:
Scheme |
H
L y
e
-, - A
o H
(CCI30RCO ™ 52y T, Py~ Asn—N
Scheme 2

0,

I

H
s Bt | R-Ry Ry-Are

N e Pt S S

In Scheme 1, atter reacting R|-R;-R;-Asn-4-amino benzyl alcohol with 4-nitrophenyl chloroformate
or (CCI30) >CO to form an active carbonic acid ester bond or chloroformate, the active carbonic acid ester
bond or chloroformate is reacted with the drug comprising a hydroxyl group (Rs-OH) to forin a carbonic
acid diester product, which is also a conjugate. Scheme 1 can be used to prepare compounds in which Ry is
Camptothecin, 10-Hydroxyl Camptothecin, Topotecan, Floxuridine, 5'-Deoxy-5-Fluorouridine, Cytarabine,
Etoposide, Fludarabine, Capecitabine, Vincristine, Epothilone B, Paclitaxel or Docctaxel.

In Scheme 2, after reacting R-R,-R;-Asn-4-amino benzyl alcohol with 4-nitrophenyl chloroformate
or (CC1;0) ,CO to form an active carbonic acid ester bond or chloroformate, the active carbonic acid ester
bond or chloroformate is reacted with the drug comprising an amino group (R4-NH;) to form a carbonic acid
diester product, which 1s also a conjugate. Scheme 2 can be used to prepare compounds in which Ry is
Daunorubicin, Epirubicin, Methotrexate, Fludarabine, Gemeitabine, Cytarabine, MelphalaN Nimustine,
Mitoxantrone or Mitomycin.

Other reagents, reaction conditions, purification methods, ctc., used in the above preparation methods

will be apparent to the skilled artisan after reading the preparation examples disclosed herein.

23
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{11. Pharmaceutical composition

The present disclosure comprises a pharmaceutical composition comprising a compound of any of the
above structural formulae or a pharmaceutically acceptable salt thereof.

The pharmaccutical composition may further comprise a pharmaceutically acceptable carrier or
excipient. The carrier or excipient may be various pharmaceutically acceptable carricr or excipient known in
the art and can be varied according to the dosage form or administration route.

In one embodiment, the pharmaceutical composition may comprise one or more of solvents,
solubilizer/co-solvent, pH adjustor, freeze-dried cxcipient and osmo-regulator,

Freeze-dried excipient suitable for use in the present disclosure includes one or more of sugars, such
as lactose, maltose, dextran, glucose and fructosc; amino acids, such as arginine, lysine and histine; mannitol;
tartaric acid; maleic acid; citric acid; sodium chioride; and cyclodextrin, such as hydroxypropyl beta
cyclodextrin and sulfobutyl beta cyclodextrin.

pH regulator suitable for use in the present disclosure includes onc or more of hydrochloric acid,
phosphoric acid, sulfuric acid, carbonic acid, nitric acid, acetic acid, citric acid, DL-tartaric acid, D-tartaric
acid, L-tartaric acid, NaOH, KOH, meglumine, maleic acid, ethylene diamine, triethylamine, arginine, lysine,
histine, Nall,PO, and Na,HPO.,.

Solvent suitable for use in the present disclosure preferably is an organic solvent, including onc or
more of ethanol, propylene glycol, polycthylene glycol 300, polyethylene glycol 400, t-butyl alcohol,
glycerin, Tween, soybean oil, hydroxylpropyl beta cyclodextrin solution and sulfobutyl beta cycladextrin
solution.

Osmo-regulator suitable for use in the present disclosure includes one or more of glucose, sodium
chloride, mannitol and sodium lactate.

Solubilizer/co-solvent suitable for use in the present disclosure includes one or more of Tween 80,
Tween 60, poloxamer, hydroxypropyl beta cyclodextrin, polyethylene glycol (PEG), lithium 12-hydroxy
stearate, sulfobutyl beta cyclodextrin, PVP, glycerin and polyoxyethylene castor oil.

Typically, the compound of the present disclosure or its pharmaceutically acceptable salt thereof may
be administered to mammals, orally at a dose of 0.0025 to 50 mg/kg of body weight, per day, preferably,
approximately 0.01 to approximately 10 mg/kg of body weight. 1f a known anticancer agent or other
treatments arc also administered, they are administered in an amount that is cffective to achieve their
intended purpose. The amounts of such known anticancer agents effective for cancer are well known to
those skilled in the art.

The unit oral dose may comprise from approximately 0.01mg to approximately 50 mg, preferably
approximately 0.1mg to approximately 10 mg of the compound of the invention or its pharmaceutically
acceptable salt. The unit dose may be administered one or more times daily, as one or more tablets, cach
containing from approximately 0.1mg to approximately 50 mg, conveniently approximately 0.25 mg to 10
mg of the compound or its pharmaceutically acceptable salt.

The pharmaceutical composition of the present disclosure may be formulated into any suitable dosage

forms, including but is not limited to tablet, capsule and injection, etc. The pharmaceutical composition of
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the present disclosure may be administered via known routes in the art, including oral adminstration,

intravenous injection, intramuscular injection, etc.

1V. Use of Compound and Pharmaceutical Composition

Cytokines sccreted by tumor induce mononuclear cells to transform to tumor associated macrophages
(TAM). Tumor associated macrophage could be stimulated to product strong immunosuppression and could
directly help the tumor cells to infiltrate and metastasize. Expression of asparagine endopeptidasc can
distinguish the tumor-associated macropbage (M2 type) from the mononuclear cell and the inflammatory
macrophage (M1 type). The compounds of the subject invention can be activated to relcase in the presence
of asparagine endopeptidase. Since different moieties in the conjugate specifically activated by asparagine
endopeptidase could greatly affect the rargeting, activation, stability, toxicity and efficacy and the like of the
final diug, using the conjugate specifically activated by asparagine endopeptidasc of the present disclosure
could effectively reduce the toxicity of the linked drug, bring new targeting, activation and metabolism
propertics for the final drug, increasc treatment effect on tumor, produce new adaptive tumor diseases and
prevent tumor from metastasis. Thus, new structure and function could be produced.

It is also found in the present disclosure that the conjugates releasable in the tumor microenvironment,
such as compounds of formulae (1IT) to (IX) could kill tumor associated macrophage, weaken
immunosuppressive cytokines in the microenvironment, and promote release of toxic CD8 cells to imiprove
the immunization. More importantly, these compounds releasable in the tumor microenvironment could only
be activated in the tumor site, which is different from the waditional chemotherapeutic drugs which impair
the whole immune system. In the cxperiments, the compounds releasable in the tumor microenvironment
and programimed death-1 (PD-1) inhibitory antibody (PDLI antibody, which is commercially available and
considered as a candidate having immunological treatment effect atpresent) show strong synergistic
{reatment and thus could solve the problem that immunological treatment is difficult to be used in
combination with chemotherapeutic drug.

Thercfore, the compound, its pharmaceutically acceptable salt or the pharmaceutical composition of
the present disclosure could be used to treat or prevent various discases that were known to be treated by
Camptothecin, 10-Hydroxyl Camptothecin, Topotecan, Floxuridine, 5'-Deoxy-5-Fluorouridine, Cytarabine,
Etoposide, Fludarabine, Capecitabine, Vineristine, Epothilone B, Paclitaxcl, Docetaxel, Daunorubicin,
Epirubicin, Methotrexate, Gemcitabine, MelphalaN,Nimustine, Mitoxantrone, or Mitomycin, including
cancer and ophthalmic diseases.

For example, it is known in the art that camptothecin cau be used to treat or prevent malignant tumor,
psoriasis, wart, acute/chronic feukacmia and hepatosplenomegaly caused by schistosomiasis; 10-hydroxyl
campiothecin can be used to treat or prevent stomach cancer, liver cancer, head and neck cancer and
leukaemia, ctc.; paclitaxel is mainly used to treat ovarian cancer and breast cancer, and is also effective in
treating lung cancer, intestinal cancer, melanoma, head and neck cancer, lymphoma, brain cancer, etc; and
mitontycin can be used to chronic tymphoma, chronic myeloid leukemia, csophageal carcinoma, stomach
cancer, calon cancer, rectal cancer, lung cancer, pancreatic cancer, liver cancer, cervical cancer, cancer of the

uterus, ovarian cancer, breast cancer, tumor at head and neck, bladder tumor and malignant cavity effusion,
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cte.

Therefore, for example, discases that can be treated or prevented by the compound, its
pharmaceutically acceptable salt or the pharmaceutical composition of the present disclosure include but is
not limited to cancer in bladder, brain, breast/mammary gland, cervix, colon-rectum, oesophagus, kidney,
liver, lung, nasopharynx, pancreas, prostate, skin, stomach, uterus, ovary, testicle and blood. Specitically, the
canccer includes bladder cancer, brain cancer, breast cancer or mammary cancer, cervical cancer, colon-rectal
cancer, csophageal carcinoma, renal cancer, liver cancer, lung cancer, nasopharyngeal carcinoma, pancreatic
cancer, prostate cancer, skin cancer, stomach cancer, uterus cancer, ovarian cancer, testicular caner and
blood cancer.

In one specific embodiment, the mitomycin derivative as shown in formula (IX) or a pharmaceutically
acceptable thercof of the present disclosure can be used to treat or prevent an ophthalmic disease, including
treating or preventing scar after healing, choroidal neovascularization, or inhibiting macrophage. In other
cxamples, the mitomycin derivative as shown in formula (IX) can also be used to treat or prevent corneal
transplanlation, glaucoma, sequelac of pterygiuin surgery, etc.

The compound or pharmaceutical composition of the present disclosure can also be used to prevent
tumor metastasis, especially metastasis of tumor to lung. In one example, the compound or pharmaceutical
composition of the present disclosure can be used to prevent metastasis of mammary cancer to lung,.

Therefore, the present disclosure comprises a method for treating or preventing a discase, comprising
administering a subject in need thercof a therapeutically or prophylactically effective amount of the
compound of the present disclosure or a pharmaceutically acceptable salt thereof, or the pharmaceutical
composition comprising the compound of the present disclosure or a pharmaceutically acceptable salt
thereof.

The present disclosure also comprises a method for preventing tumor metastasis, comprising
administering a subject in need thereof the compound of the present disclosure or a pharmaceutically
accepltable salt thereof, or the pharmaceutical composition comprising the compound of the present
disclosure or a pharmaccutically acceptable salt thereof. Prevention of tumor metastasis comprising
preventing tumor for metastasizing to lung and/or bone.

Tumor associated macrophage (TAM) is a key inflammatory cell, playing crucial role in tumor
associated inflammation. In the tumor microenviconment, TAM promotes tumor development through
affecting various biclogical properties of tumor. It secretes some molecules, such as EGF, to directly
promote growth of tumor cell and angiogenesis, thereby promoting tumor infiltration and metastasis and
inhibiting functionating of acquired immunity. Accordingly, the presentinvention comprises a method for
inhibiting tumor associated macrophage, comprising administering a subject in need thereof the compound
or a pharmaceutically acceptable salt thereot of the present disclosure, or the pharmaccutical composition
comprising the compound or a pharmaceutically acceptable salt thereof of the present disclosure. By
inhibiting tumor assocated macrophage, tumor growth, angiogenesis, infiltration and metastasis of cancer
cell can be inhibited, and anti-tumor immunization can be promoted, thus cancer can be treated and/cr
prevented. Tn one specific embodiment, the tumor associated macrophage cxprc'sscs aspartate endopeptidase

and is a M2 type cell.
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The above-mentioned methods of the present disclosure can be used in combination with any
radiotherapy or immunotherapy known in the art.

Therefore, the present disclosure also comprises compounds, their phanmaceutically acceptable salts
or pharmaceutical composition of the present disclosure useful in the above-mentioned methods and uses.

The present disclosure also comprises use of the compound of the present disclosure, its
pharmaceutically acceptable salt or the pharmaceutical composition of the present disclosure in the
manufacture of a medicament for treating or preventing the above disease, such as cancer and cancer
metastasis. The present disclosure also comprises use of of the compound of the present disclosure or a
pharmaceutically acceptable salt thereof or the pharmaceutical composition of the present disclosure in the
manufacture of a medicament for inhibiting tumor-associated macrophages, tumor growth, angiogenesis or
infiltration and metastasis of tumor cells, or promoting anti-tumor immunization.

The present disclosure further provides a method for reducing the toxicity of an anticancer compound
(R4-H), comprising linking the anticancer compound to R;-Ro-R3, wherein R, R, and R, are defined as
above.

The method for treatment or prevention of the present disclosure comprises administering the
compound or pharmaceutical composition of the present disclosure to the subject in need thercof.
Administration route includes but is not limited to oral administration, intravenous inject, and intramuscular

injection, etc. Subject includes mammal, especially human.

It should be understood that the “comprise” and “include” used herein also include “consist of”. The
sum of all weight percentages or volume percentages should be equal to 100%. Unless specifically indicated,
various reagents and products used in the Examples are commercially available. And unless specifically
indicated, the methods are performed according to the conventional techniques. The following Examples are

not intended to Jimit the scope of the present disclosure.

V. Examples

The technical solutions of the present disclosure is further illustrated in connection with the following
examples.

Example 1: Synthesis of chemical intermediates

1) Synthesis of N-(N-benzyloxycarbonyl-L-alanyl)-L-Ala methyl ester (I)

PR ]
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N-benzyloxycarbonyl-L Ala (100g, 0.45mol) were dissolved in N,N-dimethylformamide (3L).
1-hydroxylbenzotriazole (HOBL, 72.6g, 0.54mol) and 1-ethyl-(3-dimcthylaminopropyl) carbodiimide
hydrochloride (EDC, 103.3g, 0.54mol) were added when stirring. After reacting for 1 hour under stirring,
the mixture was cooled to 0°C in an ice bath and L-Ala methyl ester (46.2g, 0.45mol) and
N.N-diisopropylethylamine (173.8g, 1.34mol) in the N,N-dimethylformamide solution (11.) was dropped

into the mixture. After dropping, the mixture was stirred under ambient temperatare for 10 hours, The
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solvents were removed by evaporation under reduced pressure. The crude product was dissolved i
dichloromethane (2L) and washed subsequently by saturated ammonium chloride solution, water and
saturated sodium chloride solution. The organic phasc was dried by anhydrous sodium sulphate. After
removing the solvents by evaporation under reduced pressure, the crude product was recrystallized Lo obtain

a white solid I (101g, Yield 73.1%).

2) Synthesis of N-(N-benzyloxycarbonyl-L-alanyl}-L-Ala (II)
p o}
Fifeg,
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N-(N-benzyloxycarbonyl-L-alanyl)-L-Ala methyl ester (100g, 0.34mol) were dissolved in a mixed
solution of tetrahydrofuran (2L) and water (1L). The mixture was cooled to 0°C and 1M lithium hydroxide
solution (400mL) were dropped into the mixture. The resultant mixture was stirred for reaction for 10 hours.
Concentrated hydrochloric acid was dropped to adjust the pH to be less than 6. Most of tetrahydrofuran were
removed by rotary evaporation. The residual water phase was extracted by dichloromethane (11.x3). The
organic phasc was dried by anhydrous sodium sulphate. A white solid II was obtained after vaporizing and

drying under reduced pressure (88g; Yicld, 92.2%).

3) Synthesis of 4-N-(N-fluorenylmethoxycarbony! -N’-triphenylmethyl-L-asparaginyl)-amino benzyl
alcohol (11I)

4-amino benzyl
alcohol

HATU, DIPEA, DMF

N-fluorenylmethoxycarbonyl -N’-triphenylmethyl-L- asparagine (20g, 0.03mol),
2-(7-azabenzotriazol)-N,N,N’,N'-tetramethyluronium hexatfluorophosphate (HATU) (15g, 0.04mol),
N,N-dimethylformamide (DMF) (200mL) were added into a three-neck flask and stirred for 30 minutes. A
solution of 4-amino benzyl alcohol (4.1g, 0.03mol) in DMF (5mL), and N,N-diisopropy! ethylamine
(DIPEA) (8.7g, 0.06mol) were added separately under 0°C and the mixture was stirred at ambicnt
temperature for 3 hours. Most DMF were removed by rotary evaporation. The residue was dissolved in ethyl
acetate (200mL), washed subsequently by saturated ammonium chloride solution and saturated sodium
chleride solution and dried by anhydrous sodium sulphate. After filtration, the solvent was removed by

evaporation. The resultant crude product was pulping to obtain a white solid Ill (21.3g, Yield 90%).

4) Synthesis ot 4-N-(N’-triphenyimethyl-L-asparaginyl)-amino benzyl alcohol (1V)
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i iperidine
4 on MY

DMF

4-N-(N-fluorenylmethoxycarbonyl -N’-triphenylmethyl-L-asparaginyl)-amino benzyl alcohol (13.0g,
18mmol) were dissolved in N,N-dimethylformamide (80mL). Piperidine (30mL) was added and then stirred
at ambient tempcrature for 2 hours. The solvents were removed by evaporation under reduced pressure. And
the resultant product was dried under high vacuum within a vacuum drying oven to remove a small quantity

of piperidine. A palc yellow solid 1V was obtained, which could be use in the next step without purification.

5} Synthesis of 4-N-(N-(N-(N-benzyloxycarbonyl-L-alanyl)-L-alanyl)-N’-triphenylmethyl-L -

asparaginyl)-amino benzyl alcohol (V)

sy

N-(N-benzyloxycarbonyl-L-alanyl)-L-Ala (6.0g, 20.4mmol), benzotriazol-N,N,N',N'
-tetramethyluronium hexafluorophosphate (HBTU, 11.6g, 30.6mmol) and DMF (50mL) were added into a
threc-neck flask and stirred for 30 minutes in an ice bath. A solution of
4-N-(N’-triphenylmethyl-L-asparaginyl)-amino benzy) alcohol in DMF (50mL), and
N,N-diisopropylethylamine (7.89¢, 61.2mmol) were added separately under 0°C. The resultant mixture was
stirred overnight at ambient temperature. The solvents were removed by evaporation under redued pressure.
The residuc was dissolved in acetyl acetate (200mL), washed subsequently by saturated ammonium chloride
solution and saturated sodium chloride solution and dried by anhydrous sodium sulphate. After filtration, the
solvent was removed by evaporation. The resultant crude product was recrystallized to obtain a white solid

V (I5g, Yield 97%).

6) Synthesis of 4-N-(N-(L-alany!)-L-alanyl)-N’-triphenylmethyl-L-asparaginyl)-amino benzy! alcohol
(VD
i'1,f4--<f

H,. PAIC ;
S [

4-N-(N-(N-(N-benzyloxycarbonyl-L-alanyl)-L-alanyl)-N’-triphcnylmethyl-L-asparaginyl)-amino
benzyl alcohol (5.0g, 6.6 lmmol) were dissolved in THF (150mL). 10% Pd/C (1g) was added. After
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introducing hydrogen gas, the resultant mixture was stirred for reaction under normal temperature and
normal pressure for 5 hours. Pd/C was removed by filtration and washcd by methanol. The filtrates and the
washing solutions were pooled. Most solvents were removed by rotary evaporation to obtain a crude product.

After colunm chromatography, a white solid VI was obtained (2.0g, Yield 49%).

7) Sythesis of 4-N-(N-N-(N-2-(2-methoxyethoxy) acetyl-L-alanyl)-L-alanyl)-N’-triphenylmethyl-L-
asparaginyl)-amino benzyl alcohol (VII)

PR S
Hdomel g St
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DMF

2-(2-methoxycthoxy) acetic acid (432mg, 3.22mmol) were dissolved in N,N-dimethylformamide
(20mL). Benzotriazol-N NN’ N'-tetramethyluronium hexafluorophosphate (1.83g, 4.83mmol) were added
and stirred for 30 minutes. Then 4-N-(N-(L-alany!)-L-alanyl)-N'-triphenylmethyi-L-asparaginyl)-amino
benzyl alcohol (2.0g, 3.22mmol) and N,N-diisopropylethylamine (1.24g, 9.61mmol) in
N,N-dimethylformamide (20mL) were dropped into the resultant mixture. After dropping, the temperature
was slowly raised to ambient tempcerature and then the mixture was stirred for 10 hours. Most of DMF were
removed by evaporation under reduced pressure. The residue was dissolved in acetyl acetate (200mL),
washcd subsequently by saturated ammonium chloride solution and saturated sodium chioride solution and
dried by anhydrous sodium sulphate. After filtration, the solvent was removed by rotary evaporation. The
resultant crude product was purificd by silla gel column chromatography to obtain a white solid VII (1.2g,

Yicld 50%).

8) Synthesis of 4-N-(N-(N-(N-(2-(2-methoxyethoxy) acetyl-L-alanyl)-L-alanyl)-L-asparaginyl)-
amino benzyl alcohol (VIIT)

no § w9
/o\/\o/\n/NaHLm/l\ran ﬂf\é
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4-N-(N-N-(N-2-(2-methoxycthoxy) acctyl-L-alanyl)-L-alanyl)-N’-triphenylmcthyl-L-asparaginyl)-
amino benzyl alcohol (VIT) (1.0g, 1.36mmol) were dissolved in dichloromethane (10mL). Trifluoroacetic
acid (2mL) were added and then the resultant mixture was stirred at ambient temperature for 5 hours. The
reaction solution was washed by water and scprated. The organic phase was dricd by anhydrous sodium
sulphate and the solvents were removed by evaporation under reduced pressurc. The residual trifluoroacetic
acid was removed by cvaporation under high vacuum. The resultant crude product was purified by column

chromatography to obtain VII1 (600mg, Yield 89%).

9) Synthesis of 4-N-(N-(N-(N-(2-(2-methoxyethoxy) acetyl-L-alanyl)-L-alanyl)-L-asparaginyl)-
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amino benzyl alcohol-p-nitrophenol-carbonic acid diester
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4-N-(N-(N-(N-(2-(2-methoxyethoxy) acetyl-L-alanyl)-L-alanyl)-L-asparaginyl)-amino benzyl alcohol
(500mg, 1.01mmol) were dissolved in dichloromethane (10mL). The resultant mixture was cooled to 5°C.
p-nitropheny! chloroformate (406mg, 2.02mmol) in a dichloromethane solution and pyridine (160mg,
2.03mmol) were subscquently dropped into the mixture under protection by nitrogen gas. After dropping,
the resultant mixture was stirred at ambient temiperature overnight. The reaction solution was washed by
water and separated. The organic phase was dried by anhydrous sodium sulphate and the solvents were
removed by rotary evaporation. The resultant crude product was purified by column chromatography to

obtain a pale yellow solid (450mg, Yield 67%).

Example 2: Synthesis of 4-N-(N-(N-(N-(2-(2-methoxycthoxy) acetyl-L-threonyl)-L-alanyl)-L-

asparaginyl)-amino benzyl alcohol-10-hydroxyl camptothecin-carbonic acid diester (81)

5
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51

4-N-(N-(N-(N-(2-(2-methoxyethoxy) acetyl-L-alany!}-L-alanyl)-L-asparaginyl)-amino bcnzyl
alcohol-p-nitrophenol-carbonic acid diester (330mg, 0.5mmol) and 10-hydroxyl camptothecin (182mg,
0.5mmol) were dissolved in anhydrous N,N-dimethylformamide (10mL). The resultant mixturc was cooled
to 0°C and then 4-dimethyl pyridine (DMAP) (122mg, 1.0mmol) and 1-hydroxyl benzotriazole (27mg,
0.2mmol) were added. The resultant mixture was stirred at ambient temperaturc overnight. The reaction
solution was poured into acetyl acetate (100mL), washed subsequently by water (50mLx*3) and saturated
sodium chloride (50mL), and dried by anhydrous sodium sulphate. The solvents were removed by rotary
evaporation (o obtain a crude product. The crude product was purified by column chromatography to obtain

the tatrget product S1, which is a pale yellow solid (82mg, Yicld 19%).

Example 3: Synthesis of 4-N-(N-(N-(N-(2-(2-methoxyethoxy) acctyl-L-alanyl}-L-alanyl)-L-

asparaginyl)-amino benzyl alcohol-camptothecin-carbonic acid diester (S2)
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Triphosgene (600mg, 2.02mmol) were dissloed in anhydrous dichloromethanc (10mL). The resultant
mixture was cooled to -10°C or below. 4-N-(N-(N-(N-(2-(2-methoxyethoxy) acetyl-L-alanyl)-L-alanyl)-L-
asparaginyl)-amino benzy! alcohol (500mg, 1.01mmol) and pyridine (0.35mL, 12.12mmol) in
dichioromethane (10mL) were dropped into the mixture under protection by nitrogen gas and the resultant
mixture was stirred at 0°C for 1 hour. The temperature of the imixture was allowed to warm up to ambient
temperature naturally. After stirring for 2 hours, camptothecin (348mg, Immol) in dichloromethane (10mL)
were dropped into the mixture. Reaction was taken place at ambient temperature for 6 hours. The reaction
solution was washed subscquently by water (30mL), saturated sodium bicarbonate solution (20mL) and
saturated sodium chloride (20mL), and dricd by anhydrous sodium sulphate and then by evaporation under
reduced pressure. The residue was purified by column chromatography to obtain a white solid (291mg,

Yield 53.5%).

Example 4: Synthesis of 4-N-(N-(N-(N-(8-(N-hydroxylamino)-1,8-octandioic
acid-1-monoacyl)-L-alanyl)-L-alanyl)-L-asparaginyl)-amino benzyl alcohol-capecitabine-carbonic acid

diester (S3)

N
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4-N-(N-(N-(N-(8-(N-hydroxylamino)-1,8-octandioic
acid-1-monoacyl)-L-alanyl)-L-alanyl)-L-asparaginyl)-amino benzyl alcohol-p-nitrophenol-carbonic acid
diester (715mg, 1.0mmol) and capecitabine (360mg, 1.0mmol) were dissolved by anhydrous
N, N-dimethylformamide (20mL) and cooled to 0°C or below. Then DMAP (244img, 2.0mmol) and
1-hydroxylbenzotriazole (27mg, 0.2mmol) were added. The resultant mixture was stirred at ambient
temperature overnight. The reaction solution was poured into acctyl acetate (100mL), washed subscquently
by water (100mLx3) and saturated sodium chloride (100mL), and dried by anhydrous sodium sulphate. The
solvents were removed by rotary evaporation to obtain a crude product. The crude product was purified by

column chromatography to obtain the target product S3, which is a pale yellow solid (198mg, Yield 21%).

Example 5: Synthesis of 4-N-(N-(N-(N-2-(2-methoxyethoxy) acetyl-L-threonyl)-L-alanyl)-L-

asparaginyl)-amino benzyl alcohol-daunorubicin-carbamate (S4)

L A b OUF.CIREA 5 dat ONERIO RN

54

4-N-(N-(N-(N-(2-(2-methoxycthoxy) acctyl-L-threonyl)-L-alanyl)-L-asparaginyl)-amino benzyl

alcohol-p-nitrophenol-carbonic acid diester (264mg, 0.4mmol) and N,N-diisopropylcthylamine (1ml.) were
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dissolved in N,N-dimethylformamide {10mL). Daunorubicin (211mg, 0.4mmol) in a
N.N-dimethylformamide (10mL) solution were dropped into the resultant mixture at 20°C. After dropping,
reaction was allowed to take place at embient temperature for 3 hours. The reaction solution was poured into
methyl tert-butyl ether, stirred for 0.5 hour and then filtered. The resultant red solid was purified by column

chromatography to obtain a rid soid product S4 (177mg, Yicld 42.2%).

Example 6: Synthesis of Compound S5
1) Synthesis of 4-N-(N-(N-(N-(6-maleimido caproyl-L-alanyl)-L-alanyl}-N'-triphenylmethyl-L-
asparaginyl)-amino benzyl alcohol

o
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6- Malcimide caproic acid (120mg, 0.57mmol) were dissolved in N,N-dimethylformamide (20mL).
1-hydroxylbenzotriazole (92mg, 0.68mmol) and N,N-diisopropyl ethylamine (0.19mL, 1.15mmol) were
added. 4-N-(N-(N-(L-alanyl)-L-alanyl)-N’-triphenylmethy!l-L-asparaginyl)-amino benzyl alcohol (353mg,
0.57mmol) was added into under protection by nitrogen gas. The resultant mixture was stirred for 0.5 hour
and then cooled to 0°C in an ice bath. Then 1-ethyl-(3-dimethylaminopropyl) carbodiimide hydrochloride
(120mg, 0.62mmel) in a N,N-dimethylformamide (10mL} sojution were dropped into the mixture. After
dropping, the resultant mixturc was warred up to ambient temperature and then stirred overnight. The
reaction solution was poured into acetyl acetate (150mL), and washed subsequently by water (100mLx3),
5% dilute hydrochloric acid (50mL) and 5% sodium carbonate (50mL). The organic phase was dried by
anhydrous sodium sulphate and then by evaporation under reduced pressure. The resultant product was
purified by column chromatography to obtain the product, which is a white solid (300mg, Yield 64.8%).

2) Synthesis of 4-N-(N-(N-(N-(6-maleimido caproyl)-L-alanyl)-L-alanyl)-L-asparaginyl)-amino
benzyl alcohol

Tl
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4-N-(N-(N-(N-(6-maleimido caproyl-L-alanyl}-L-alanyl}-N"-triphcnylmethyl-L-asparaginyl)-amino
benzyl alcohol (163mg, 0.2mmol) were dissolved in dichloromethane (SmL). Trifluoroacetic acid (2mL)
were added. The resultant mixture was stirred at ambient temperature for S hours. The reaction solution was
washed by water and then separated. The organic phase was dricd by anhydrous sodivm sulphate and the
solvents were removed by evaporation under reduced pressure. The residual trifluoroacetic acid was
removed by evaporation under high vacuum. The resultant crude product was purificd by column
chromatography to obtain a pale yellow solid (97mg, Yield 85%).

3) Synthesis of 4-N-(N-(N-(N-(6-maleimido caproyl)-L-alanyl)-L-alanyl)-L-asparaginyl)-amino

benzyl alcohol-p-nitrophenol-carbonic acid diester
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4-N-(N-(N-(N-(6-maleimido caproyl)-L-alanyl)-L-alanyl)-L-asparaginyl}-amino benzyl alcohol
(814mg, 1.0mmol) were dissolved in dichloromethane (100mL) and cooled to 0°C in an ice bath.
p-nitropheny! chloroformate (406mg, 2.0mmol) in a dichloromethane solution (20mL) and pyridine (160mg,
2.0mmol) were subscquently dropped into the resultant mixture under protection by nigrogen gas. After
dropping, the resultant mixture was warmed up to ambient temperature and then stirred overnight. The
reaction solution was washed by water and separated. The organic phasc was dried by anhydrous sodium
sulphate and the solvents were removed by evaporation under reduced pressure. The resultant crude product
was purified by column chromatography to obtain a white solid (597mg, Yield 81%).

4) Synthesis of 4-N-(N-(N-(N-(6-malcimido caproyl)-L-alanyl)-L-alany!)-L-asparaginyl)-amino

benzyl alcohol-daunorubicin-carbamate (S5)

£ A )
LA . %,
i VR Y g o e
[ davinuibicin % T WPt
T e Mgt g 0
OME.DFEX | o I

S5

4-N-(N-(N-(N-(6-maleimido caproyl)-L-alanyl)-L-alanyl)-L-asparaginyl)-amino benzyl
alcohol-p-nitrophenol-carbonic acid diester (200mg, 0.27mmol) were dissolved in N,N-dimethylformamide
(30mL.). Daunorubicin hydrochloride (152mg, 0.27mmol) were added. The resultant mixture was cooled to
5°C and then N N-diisopropyl ethylamine (0.1mL, 0.6mmol) in N N-dimethylformamide (2mL) solution
were dropped into the mixture under protection by nitrogen gas. After dropping, the mixture was warmed up
to ambient temperature and stirred for reaction overnight. The reaction solution was poured into methyl
tert-butyl ether (600mL), stirred for 0.5 hour and then filtered. The resultant red solid was purified by
column chromatography to obtain a tid soid product S5 (164mg, Yield 54%).

Example7: Synthesis of 4-N-(N-(N-(N-(6-maleimido caproyl)-L-alanyl)-L-alany!)-L-asparaginy])-
amino benzyl alcohol-MMAE-carbamate (S6)
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4-N-(N-(N-(N-(6-maleimido caproy!)-L-alanyl)-L-alanyl)-L-asparaginyl)-amino benzy!
alcohol-p-nitrophenol-carbonic acid diester (298mg, 0.40mmol) were dissolved in N,N-dimethylformamide
(30mL). MMAE (monomethyl auristatin) hydrochloride (305mg, 0.40mmol) were added. The resultant
mixture was cooled to 5°C and then N,N-diisopropy! ethylamine (0.1ml., 0.6mmol) in

N,N-dimethylformamide (2mL) solution under protection by nitrogen gas. After dropping, the mixturc was
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warimed up to ambient temperature and stirred lor reaction overnight. The reaction solution was poured into
methyl tert-butyl ether (600mL), stirred for 0.5 hour and then filtered. The resultant red solid was purified
by column chromatography to obtain a rid soid product S6 (434mg, Yield 82.4%).

The synthetic results of compounds S1, S2, S3, S4 and S5 are summarized in Table 1. The
mass-to-charge ratios of S1, 82, 83, S4 and S5 detected by mass spectrum (MS) arc 916, 885, 880, 1079 and
1513, respectively, which are consistent to their calcultated mass-to-charge ratios, as shown in Table 1.

Table 1: the propertics and MS data of S1-S5

No. R, R ) ) R- R; Ry MS data Character
S1 O\Anﬁ Hydrophilic Thr | Ala 10-hydroxyl Pale yellow
lo ) 916
group camptothecin powder
S2 h Qll Hydrophilic Ala | Ala | camptothecin 285 White solid
’ group
S3 e ) Targeted group Ala | Ala | capecitabine - Pale yellow
f 3 0
" i soild
S4 o [1 Hydrophilic Thr  Ala | daunorubicin . Red powder
079
* | group
S5 Targeted group Ala | Ala | dounorubicin Red powder
1513

Using different R; and Ry merely results in the use of different starting materials when linking the
amino acid. Diffcrent side chains of the amino acid R; and R; did not influence the synthesis. Consistent
with the above methods, merely the corresponding R, amino acid and Rj amino acid were used in the
syathesis. The reaction for linking Ry was also the same as the method mentioned above, except that the

catalytic conditions and the reaction drugs were different in the tumor microenvironment.

Example §: Conditions for linking the linking group for targeting a small molecule that is specifically
activated in the tumor microenvironment to difterent Ry compounds ace different.

1) In the above compounds, method for linking R4 via hydroxyl is different from the method for
linking R4 via amino.

Whether RjR;R;3-Asn-amino benzyl alcohol-p-nitrophenol-carbonic acid diester could be successtully
linked to R via amino depends on sclection of Rg. For example, the reaction between R R;Rz-Asn-amino
benzyl alcohol-p-nitrophenol-carbonic acid diester and camptothecin js different from the reaction with
MMAE, mainly in that the reaction with MMAE is taken place via the strong nucleophilicity of the amino
group of MMAE (82.4%), while rcaction of camptothecin is taken place via replacement of p-nitrophenol
through nucleophilicity of the hydroxyl group of camptothiccin. The nucleophilicity of hydroxyl is weaker
than that of amino and is equal to or slightly weaker than p-nitrophenol, thus theoretically replacement of
hydroxyl by p-nitrophenol cannot be cairied out.

We found that only when adding HOBT into the reaction mixture as a catalyst, strictly controlling the

temperature to the screencd temperature and controlling the reaction time, a bound HOBT transition state
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that could casily be left was formed to therey effectively exhange with hydroxyl of camptothecin and thus to
produce less reaction impurities. The highest yield we obtained is 53.5%.

2) Whether the reaction between AAN-Asn-amino benzyl alcohol-p-nitrophenol-carbonic acid diester
and drug Rs via amino could be successfully taken place fully depends on selection of R.

The steric hindrance of the amino group in Rs and the substituent of Rs have crucial effects on the
linking reaction. The linking reaction between an aliphatic amino and Ri-Rs-Ri-Asn-amino benzyl
alcohol-p-nitrophenol-carbonic acid diester could produce high yicld (such as MMAE) at mild condition.
However, for the aromatic amino, no reaction product is obtained because the nucleophilicity of the amino is
reduced duc to its lone paired electron and the conjugation of aromatic ring. By high-throughput screening
and severe reaction conditions, for example the linking reaction between nimustine and
R,-R;-R3-Asn-amino benzyl alcohol-p-nitrophenol-carbonic acid diester, we finally found that a small
amount of products (yield 20%) could be obtained when using DMAP as a base and rcacting at 80-85°C.

3) In the above compounds R, has different effects on linking of Ra.

Different R, groups have significant effect on the linking reaction conditions between
R;-R,-R;-Asn-amino benzyl alcohol-p-nitrophenol-carbonic acid diester and Ry. For example, linking
reaction between 4-N-(N-(N-(N-(6-maleimido caproyl)-L-alanyl)-L-alanyl)-L-Asn)-amino benzyl
alcohol-p-nitrophenol-carbonic acid diester and camptothecin did not produce a product. Therefore, different
reactants and experimental conditions should be screened in order to obtain the product. For example,
4-N-(N-(N-(N-(2-(2-methoxyethoxy) acetyl-L-alanyl)-L-alanyl)-L-asparaginyl)-amino benzy!
alcohol-p-nitrophenol-carbonic acid diester was uscd to react with camptothecin under a special temperature

condition, thereby producing a corresponding product.

Example 9: Compounds produced by linking to the cleavable linker specifically activated in a tumor
microenvironment and cytoxicity change thereof.

When R, is 2-(2-Methoxyethoxy)Acetyl, R; is Thr, and R; is Ala, the compounds comprising an Ry
indicated below linking to the cleavable linker could be screened by using similar catalysts uscd in the
reactions for producing $1~S3: camptothecin (S7), 10-hydroxy camptothecin {S8), topotecan (59),
Floxuridine (S10), 5'-Deoxy-5-Fluorouridine (S11), cytarabine (S12), fludarabine (S13), ctoposide (S14),
Capecitabine (S15), gemcitabine (S16), vineristine (817) and Epothilone B (S18), paclitaxcl (S13"),
Docetaxcl (B13).

When R, is 2-(2-Methoxyethoxy)Acetyl, R, is Thr, and R; is Ala, compounds (R,) that couid be
successfully linked to the cleavable linker which is specifically activated in a tumor microenvironment
include: daunorubicin (S19), epirubicin (S20), fludarabine (S21), gemcitabine (822), nimustine (823),
mitoxantrone (S24), methotrexate (S25), Cytarabine ($26), Melphalan (827), Doxorubicin (828), and
Mitomyecin (E13).

Table 2: The propertics and MS data of the synthetic compounds

No Molecular ion peak of MS Synthetic cfficiency % Cytoxicity reduced (Multiple)
S1 016 67 56

S2 885 19 145

S3 880 21 78
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1079

s4 42 345
S5 1513 54 125

S6 | 1238 82 35

57 | 954 56 432

S8 | 969 34 144

S9 | 1026 53 256

S10 | 851 87 89

Sil 851 43 46

S12 | 848 46 35

S13 1970 25 78

Si4 [ 1193 46 463

S1s | 964 45 »s
S16 | 868 32 124

S17 | 1397 78 355

S18 | 1126 34 233

S19 | 1102 23 253

20 | 1118 45 39

S21 | 940 54 352

S22 | 838 22 121

23 863 67 234

S24 1019 86 235

S25 | 1029 43 644

526 | 818 34 123

$27 | 879 57 79

S28 | 1405 46 232

S13* | 1433 34 356

B13 | 1604 43 24
EI3 | 886 56 454

cytotoxicity test. 2500 HEK293 cells were cultured in a 96-well plate, and allowed to grow overnight.

‘Yoxicity detection method: a standard universal test program was used to perform the in vitro

Cytotoxic compounds and their corresponding conjugated compounds were added into each well in different

concentrations, cultivated with the cells at 37°C for 72 hours, and then treated with MTT reagents. OD

changes were read. The approximate maltiples of the toxicity change were obtained by comparing the IC50

of the modified compounds to their corresponding cytotoxic compounds.

tumor microenvironment have different activation ctficicncies.

37
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determines the activation cffect. At 37°C, Img/ml of S1. S2, $3, S4, S5 and S6 were added into 10pg/ml
acidified asparagine endopeptidase solution or a homogenate from different tumor tissues (30ug/ml),
respectively. Reduction of reactant and increase of product were detected by HPLC, thereby comparing the
activation efficiency of these compounds (the ratio between the amount of the compound released by
cleaving by asparagine cndopeptidase and the initial amount of the compound, higher activation efficiency
indicating stronger activation efficiency). It was found that S1, 82, S3, S4 and S5 exhibited very high
activation efficiency by the tumor tissue, while S6 had a relatively low activation efficiency by the tumor
tissue (Table 2). Our cxperimental results show that Ry in 83, which is (N-hydroxylamino)-1,8-octandioic
acid-1-monoacyl, could target and bind to metalloprotease MMP2 which is highly expressed in tumor, and
R; in §5, which is 6-maleimido caproyl, could target and bind to cathepsin which is highly expressed in
tumor. Thus, they have higher activation efficiency.

Table 3: Activation Efficiencies {%4} of S1, S2, S3, S4, S5 and S6

Cells that produce tumor | S1 | 82 | 83 S4 1S5 S6
asparagine endopeptidase / 88.4 8758488431833 245
Huamn {ibrosarcoma HT-1080 78.3 | 75.61949 | 78.4 | 98.4 | 245
Huamn breast cancer MDA-MB435 6731 78.4170.1 | 83.5|96.7|25.6
Huamn ovarian cancer SK-OV-3 783 174.6 943784974235
Huamn colon cancer HT-2% 63.71 7831817835 784 224
Huamn chronic leukemia K562 46.6 1 63.7 1932645 73,5 284
Huamn pancreatic cancer Panc-1 784 1684 191.6:6731974 173
Huamn non-small cell lung cancer | A549 68.7 | 68.3 | 80.7 | 64.5196.7 | 274
Huamn prostate cancer PC-3 78517541983 | 783|973 |13.2
Huamn liver cancer Hepg?2 864 ;637 945673673267
Huamn renal cancer OS-RC-2 84.5|53.6 674785983204
Huamn heart /o 12 105 |16 :28 135 :53

Example 11: Different compounds linking by a cleavable linker which is specifically activated in the

tumor microenvironment have different activation cificiencies.

The structure-efficacy relationship between the linking group and the groups of the linked compound

determines the activation effect. At 37°C, Img/ml of S7-S27 were added into 10ug/ml aciditied asparagine

endopeptidase solution, respectively. Reduction of reactant and increase of product were detected by HPLC,

thereby comparing the activation eificiency of these compounds. The results are shown in Table 3.
Table 4: Activation Efficiencies (% of S7-S27

Compound S7 188 S9 1 S10 | 811 | 512 1 S13 | S14
Activation Efficiencies (%) | 75.7 65.5 8641954 662 73.6 79.6 | 853

Compound S15 1816 | 517 1 518 + S19 | 820 : S21 | 822
Activation Efficiencies (%) : 84.6 ) 13.4 894 9351893 76.7’ 954 975
Compound S23 | S24 525‘ S26‘ S27 . 828
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i

| Activation Efficiencies (%) | 91.5 } 90.7 | 744 [ 785 | 735 665 |

From Tablc 4, it can be found that different compounds have different activation efficiencies by
asparagine cndopeptidase. The activation efficiencics of most of $7-S27 are all higher than 60%. S6 and S16
show a very low activation efficiency, which is less than 30%. Asparagine endopeptidase activates at the
linkage between asparaginyl and 4-amino benzyl alcohol. After cleaving by activation, 4-amino benzyl
alcohol (4-aminobenzyl-OC(0)-) can be freely released, thereby releasing the drug, Ry-H. The active center
of asparagine endopeptidase locates at the bottom of its globular depression. The cleavage site should be
close to the active center. Thus, it is very important to determine whether there is a steric hindrance to the
cleavage site produced by the linked compound and to change the polarity of the linking site. According to
the above results, it is supposed that the steric hindrances and polarities of S6 and S16 may affect their
activation, resulting that they have relatively low activation efficiencies while other compounds have a
relatively high activation efficiencies.

The results show that the cleavable liner which is specifically activated in a tumor microenvironment
can link to and activate different compounds, in which the compounds may be classificd into activatable

compounds and un-activatable compounds based on their different steric hindrance.

Example 12: Study on efficacy of S1, 82, 83, 84, S5, S6, S16,522 and S28 injections in nude mice

Test purpose: o investigate the anti-tumor efficacy of S1, §2, S3, S4, S5, S6, §16,522 and S28 via
mouse twmor treatment model.

Test drug: S1, 82, 83, S4, S5, S6, S16, S22 and S28 injections, diluted to corresponding
concentrations by physiological saline when testing,

Method and results:

1. Animal: nude mice of 6-8 weeks old, all female.

2. Production of tumor model

[) Human breast cancer MDA-MB231 cells were purchased from American type culture collection
{ATCC) and identificd according the specification provided by ATCC. Cells werc cultivated in dulbecco's
minimum essential medium (DMEM culture medium) containing 10% fetal bovine serum at 37°C and 5%
CO,. The cells were passaged for every three days and cells within the 15th passage were used.

2) Production of tumor. 5x10° MDA-MB231 cells werc subcutancously injected to the back of the
nude mice. Mice were randomly grouped after the tumor reached at least 100mm’. Then treatment began
and the day on which the treatment began was day 1.

3) Course of treatment. According to the clinical application of S1, S2, S3, S4, S5, S6, S16, S22 and
S28, drugs were intravancously injected (IV). A dose of 13.2umol/kg was used for S1, 82, S3. 84, S5, S6,
St6, 522 and 828, camptothecin, capecitabine and daunorubicin, respectively. The drugs were administered
once weekly for four weeks.

4) Grouping and test results arc shown in Table 5,

i Size of Tumor (mm’) , Inhibitory rate on tumor (%) l

Group - Number of animal [ [
! Day 10“ Day 24 ) Day 10 J Day 24

H i




20

CA 02958495 2017-02-17

S1 group 10 56.53+14.36 124.44+49 85 81 88
camptothecin 10 258.45+57.43 847.46+157.56 15 19
S2 group : 10 59.35+35.53 89.53+065.45 81l 91
S3 group 10 85.67+36.42 0 72 100
capecitabine 10 225.53+74.45 946.434£275.86 26 9
S4 group 10 95.56£57.54 64.68+43.56 69 %4
S5 group 10 63.67+46.64 46.45+19.43 79 95.5
daunorubicin 10 174.78 £78.43 864.01167.45 43 17
S6 group 10 235.5+56.3 508.43+245.56.67 | 23 453
S16 group 10 246,76+45.56 840.64+345.6 23 19.21
S22 group 10 0 0 100 160
528 group 10 0 0 100 100
Control group

10 305.56+75.75 1040.64:+298.65
(physiological saline)

5) Results and discussion: as shown in Table 5, S1, S2, S3, S4, S5, S22 and S28 cxhibit strong

inhibitory effect on tumor growth as compared to the control group, the camptothecin group, the

capecitabine group and the daunorubicin group while S6 and 516 show less efficacy as they were not

activated. These indicate that the conjugates could significantly improve the efficacy of the drugs and the

treatment effect is determined by the cleaving efficiency . Comparing the structures of S6 with S4, 85 and

S19~827, it could be found that the amino of MMAE used for linking is positioncd at the two adjacent

hydrophobic valines in MMAE. After linking to 4-aminobenzyl-OC(0O)-, the hydrophobic region of valine

and the little peptide of S6 are presented to a position which is unfavorable in relation to the active center of

asparagine endopeptidase, resulting in formation of steric hindrance and obstruction ol the active certer of

asparagine endopeptidase to approach the cleavable bond. As a result, the cfficiency of cleavage and

activation is very low. The activation efficicncy of S6 is lower than the AANVYV polypeptide. The

4-aminobenzyl-OC(O)- linker is no effect in this compound. From the viewpoint of synthesis, it is more

complicated to add the 4-aminobenzy}-OC(O)- linker than to form a peptide bond. On the contrary, the

amino position for linking in S4, S5 and S19-S27 is not the amino group in their peptide, but it is the amino

on the aromatic ring. We firstly discovered that the aromatic ring did not aifcct the polarity of the linker.

Thus, use of the 4-aminobenzyl-OC(0)- linker could climinate the steric hindrance duc to direct linking to

an amino group and favorable activation results could be produced. The activation efficiency ts generally

higher than the compounds having a direct linking and this property is not limited to the compounds

conlaizing an aromatic ring.
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Example 13: A comparative study on the different cleavable linkers of MMAE and Doxorubicin

When R, is 2-(2-Mecthoxyethoxy)Acetyl, and R, seleleted Ala, activation study and efficacy study

were carried out by using compounds having different cleavable linker. The study methods arc identical to

those in Examples 10, 11 and 12. The in vitro activation efficiency was tested by asparagine endopeptidase

and the tumor inhibition rate was tested by using human breast cancer MDA-MB23 1 model.

No. linker for the compounds synthesis Cleaving | Cytoxicity | tumor
efficiency efficiency | reduced inhibition
(Multiples) | rate (%)

S6:PEG-TAN-PABC-MMAE) | 2-(2-mcthoxyethoxy)acetyl 84.5% 25.6% 35 45.4
-Thr-Ala-Asn-4-amino  benzyl
alcohol

PEG-AAN-PABC-MMAE 2-(2-methoxyethoxy)acetyl 63.4% 14.4% 22 344
-Ala-Ala-Asn-4-amino  benzyl
alcohol )

AC-AAN-PABC-MMAE acetyl-Ala-Ala-Asn-4-amino 36.5% 3.4% 15.5 16.7
benzyl alcohol '

CBZ-AAN-PABC-MMAE benzyloxy 24.6% 2.6% 8.3 9.7
carbonyl-Ala-Ala-Asn-4-amino
benzyl alcobiol

S28:PEG-AAN-PABC-DOX 2-(2-methoxyethoxy)acetyl 65.5% 99.5% 285.6 100
-Ala-Ala-Asn-4-amino  benzyl
alcohol

PEG-AANL-DOX 2-(2-methoxyethoxy)acetyl 45.5% 66.5% 110.2 60.3
-AANL

Example 14

Compounds S29-S43 were synthesized by the same method as S1, except that the amino acids used as

starting material were different. In this Example, compounds having ditferent amino acids were tested for

their activation property and inhibitory rate on tumor. The test methods arc 1dentical to the methods in

Examples 4, 6, 8, 12 and 13. The test results arc shown in the following Table 7.

Table 7: The activation property and infulsitory rate on tumor for comypninds S28-543

No. of Ro | Ry Activation Inhibitory rate on Activation Inhibitory rate on
Compound property (%) tumor (Day38) property (%) tumor (Day38)
529 Thr | Thr | 63.4% 57.4% 63.4% 57.4%

$30 Thr | Val | 46 3% 47 4% 46.3% 47.4%

S31 Thr | Asn | 36.4% 46.5% 36.4% 46.5%

S32 Val | Ala | 68.4% 56.5% 68.4% 56.5%

41
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33 Val | Thr  34.5% | 50.6% 34.5% 50.6%

$34  Ival Val | 543% 46.7% 543% 46.7%

835 Val | Asn | 34.5% 58.6% 1 345% 58.6%

$36 e | Ala | 35.5% 52.5% 5% 525% i
S37 e Thr | 674% L 46.7% 67.4% 46.7% B
538 lle | Val | 38.5% 46.3% 38.5% 46.3% o
$39 lle | Asn | 46.6% 48.4% 46.6% a84%
S40 | Ala| Al | 69.4% 80.5% 69.4% 80.5%

S41 LAl | Thr | 78.3% 64.6% I 783% 64.6% B
$42 Ala | Val | 73.6% 66.6% 73.6% 66.6%

543 Ala | Asn | 65.4% 60.5% 65.4% 60.5%

inhibitory effect on tumor growth and metastasis. The results also demonstrate that in the compounds being

highly activated, R, can be any of Thr, Val, Ile and Ala, and R; can be any of Ala, Thr, Val and Asn.

Example 15: Study on efficacy of S1, S2, S3, 84, S5 and S6 in D121 tumor immune model

Test purpose: to investigate the anti-tumor efficacy of S1, 82, S3, S4, S5 and S6 ina D121 lung caner
model for immune treatment.

Test drug: S1, S2, S3, S4, S35, S6, camptothccin, capecitabine and daunorubicin, all used in
13.2umol/kg; PDLI antibody, 5 pg/ke.

Animal: C57 mice of 6-8 weeks old, all female.

Production of tumor model:

1) D121 lung tumor cells were purchased from ATCC. Cells were cultivated in DMEM culture
solution containing 10% fetal bovine serum at 37°C and 5% CO,. The cells were passaged for every three
days and cells within the 15th passage were used.

2) Tumor immunization, 5x10° D121 lung cancer cells (purchased from ATCC) which were killed by
irradiation were intraperitoneally injected to mice. The mice were injected for 3 times, once every two
weeks. After immunization, mice were injected with tumor cells and the drugs were administered weekly for
4 weeks.

3) Production of tumor. At day 32, 10° live lung tamor cells were subcutaneously injected to the back
of the C57 mice immunized by tumor. Treatment began when the tumor grew to 0.3-0.4cm.

4) Analysis on tumor CD8+ T cells. The tumor tissue was homogenated and individual cclls in the
tumor were filtered, separated and washed by buffer twice, then cultivated with the leucocyte common
antigen CD45-PE and CD8-FITC marked antibodies for 1 hour at ambicnt temperature. The cells were
washed by phosphate buffer containing 1% fetal bovine serum twice and then analyzed for the ratio of the T
lymphocyte antigen (CD8) positive cells m the leucocyte common antigen (CD45) positive cells by flow
cytometry.

5) Grouping and test results are shown in Table 8.

Table 8: Effect on inhibition of tumor and immune activation of §1, S2, S3, 84, S5, 86 and controt
12
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Group Number of Size of tumor Inhibitory rate on CD8: D45
animal (mm’) tumor (%)

Day 18 Day 18
Immune group, without D121 dead tumor ! 8

1525.67+314.6 6.8
cells
Immune group (Control group) 8 1357.57+275.78 13.5
[nmune group+S1 8 356.56+74.78 73.74 17.4
Immune group +camptothecin 8 889.56+148.56 34.47 13.2
[mmune group +S2 8 379.67+214.45 72.03 17.7
Immune group +S3 8 425.67£126.67 63.64 18.4
Imimune group +capecitabine 8 953.65+245.43 29.75 13.6
[mmune group +S4 8 316.78+109.98 76.67 16.8
[mnwune group +85 8 379.75+125.64 72.03 17.4
Immune group +daunorubicin 8 1063.86+317.56 21.63 13.2
Immune group +S6 8 957.46+257.87 29.47 13.0
Immune group +S1+PDL1-antibody 8 81.78+51.98 93.98 21.4
Immune group 8

816.64+268.56 39.85 144
+camptothecin+PDL1 -antibody

6) Results and discussion. Treatment effects of S1, S2, S3, §4 and S5 on C57 mice were greatly
improved as compared to the control group and the other treatment groups. The S6 group also has an
Improved treatment cffect as compared to the daunorubicin group. S1 and PDL1-antibody show an excellent
synergistic effect in promoting immunization and treatment. The results show that 81, 82, 83, S4 and S5 can

1inhibit tumor growth via improving immunization.

Example 16: Synthesis of paclitaxel which is specifically activated in tumor microenvironment.

1) Synthesis of (R)-2-(2-(R)-( benzyloxycarbonyl)amino) propionylamino)metiyl propionate (I)

N-benzyloxycarbonyl-L. Ala (100g, 0.45mol) were dissolved in N,N-dimethylformamide (3L).
1-hydroxylbenzotriazole (72.6g, 0.54mol) and 1-cthyl-(3-dimethylaminopropyl) carbodiimide hydrochloride
(103.3g, 0.54mol) were added when stirring. After reacting for | hour under stirring, the mixture was cooled
in an ice bath and L-Ala methyl! ester (46.2g, 0.45mol) and N,N-diisopropylethylaminc (173.8g, 1.34mol) in
the N,N-dimethylformamide solution (1L) was dropped into the mixture. After dropping, the mixture was
stirred under ambient temperature(25°C)for 10 hours. The solvents were removed by evaporation under
reduced pressure. The crude product was dissolved in dichloromethane (2L) and washed subsequently by
saturated ammonium chloride solution, water and saturated sodium chloride solution. The organic phase was
dricd by anhydrous sodium sulphate. After removing the solvents by cvaporation under reduced pressure,

the crude product was recrystallized to obtain a white solid T (101 g, Yicld 73.1%). LC-MS: 309[M+1]+,

2) Synthesis of (R)-2-(2-(R)-( benzyloxycarbonyl) amino) propionylamino)propionic acid (1)
43
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(R)-2-(2-(R)-( benzyloxycarbonyl)amino) propionylamino)methyl propionate (100g, 0.34mol) were
dissolved in a mixed solution of tetrahydrofuran (2L) and water (1L). The mixture was cooled to 0°C and
1M lithium hydroxide solution (400mL) were dropped into the mixture. The resultant mixture was stirred
for reaction under ambient temperaturc(25°C)for 10 hours. Concentrated hydrochloric acid was dropped to
adjust the pH to be less than 6. Most of tetrahydrofuran were removed by rotary cvaporation. The residual
water phase was extracted by dichloromethane (1L.x3). The organic phase was dried by anhydrous sodium
sulphate. A white solid IT was obtaincd after vaporizing and drying under reduced pressure (88g; Yield,
92.2%). LC-MS: 295 [M+1]".

3) Synthesis of (R)-2-((9H-tluorene -9-yl) methoxycarbonylamino)-4-(triphenylimethylamino)-1-
hydroxymethylphenyl succinic acid amide (L))

(R)-2-((9H-luorene-9-yl) methoxycarbonylamino)-4-(triphenylmethylamino) butyrate (20g, 0.03mol),
2-(7-azabenzotriazol)-N,N,N” N’ -tetramethyluronium hexafluorophosphate (HATU) (15g, 0.04mol),
N,N-dimethylformamide (200mL) were added into a 500 mL three-neck flask and stirred for 30 minutes. A
solution of 4-amino benzyl alcohol (4.1g, 0.03mol) in N,N- dimethylformamide (SmL), and N,N-diisopropyl
ethylamine (8.7g, 0.06mol) were added separately under 0°C and the mixture was stirred at ambient temperature
(25°C) for 3 hours. Most N,N- dimcthylformamide were removed by rotary evaporation. The residuc was
dissolved in ethyl acetate (200mL), washed subsequently by saturated ammonium chloride solution and saturated
sodium chloride solution and dried by anhydrous sodium sulphate. After filtration, the solvent was removed by
evaporation. The resultant crude product was pulping by n-hexane/ ethyl acetate(5/1,300mL) to obtain a white

solid 111 (21.3g, Yield 90%). LC-MS: 702 [M+1]".

4) Synthesis of (R)-2-amino-4-(triphenylmethylamino)-1- hydroxymethylphenyl succinic acid amide
av)

(R)-2-((9H-flnorene -9-yl) methoxycarbonylamino)-4-(triphenylmethylamino)-1-
hydroxymethylpheny! succinic acid amide (13.0g, 18mmol) were dissolved in N ,N-dimethylformamide
(80mL). Piperidine (30mL) was added and then stirred at ambient temperature(25°C) for 2 hours. The
solvents were removed by evaporation under reduced pressure. And the resultant product was dricd under
high vacuum within a vacuum drying oven(100°C) to remove a small quantity of piperidine. A pale yellow

solid IV(8.43g, yicld : 95%) was obtained, which could be used in the next step without purification.

5) Synthesis of (R)-2-((R)-2-((R)-2- carboxybenzylamino) propionylamino) propionylamino
-4-(triphenylmethylamino)-1 - hydroxymethylphenyl succinic acid amide (V)

(R)-2—((R)-2 —(carboxybenzylamino) propionylamino) propionic acid (6.0g, 20.4mmol),
benzotriazol-N,N,N' N'-tetramethylurenium hexafluorophosphate (HBTU, 11.6g, 30.6mmol) and N,N-
dimethylformamide (50mL) were added into a three-neck flask and stirred for 30 minutes in an icc bath. A
solution of (R)-2-amino-4-(triphenylmethylamino)-1- hydroxymethylphenyl succinic acid amide in N,N-
dimethyiformamide (50mL), and N,N-diisopropylethylamine (7.89¢, 6§.2mmol) were added scparately

under 0°C. The resultant mixture was stirred for 17 hours at ambicnt temperature(25°C). The solvents were
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removed by evaporation under redued pressure. The residuc was dissolved in acety! acetate (200mL),

washed subsequently by saturated ammonium chloride solution(100mL) and saturated sodium chloride
solution(100mL) and dried by anhydrous sodium sulphate. After filtration, the solvent was removed by
cvaporation, The resultant crude product was recrystallized to obtain a white solid V (15g, Yield 97%).

LC-MS: 756 [M+17]".

6) Synthesis of (R)-2-((R)-2-((R)-aminopropionylamino) propionylamino-4-(triphenylinethylamino)-
1-hydroxymethylphenyl succinic acid amide (V1)

(R)-2-((R)-2~((R)-2- carboxybenzylamino) propionylamino) propionylamino
-4-(triphenylmethylamino)-1- hydroxymethylphenyl succinic acid amide (5.0g, 6.61mmol) were dissolved
in THF (150mL). 10% Pd/C (1g) was added. After introducing hydrogen gas, the resultant mixture was
stirred for reaction under normal temperature(22°C) for 5 hours. Pd/C was removed by filtration and washed
by methanol(100 mL). The filtrates and the washing solutions were pooled. Most solvents were removed by
rotary evaporation to obtain a crude product. After silicagel column chromatography(200-3 00 mesh,
dichloromethane/methanol=20/1-10/1, 2.5L), a white solid VI was obtained (2.0g, Yield 49%). LC-MS: 622
M+17"

7) Sythesis of (R)-2-((R)-2-((R)-2-( methoxyethoxyacetylamino) propionylamine) propionylamino
-4-( triphenylmethylamino)-1- hydroxymethylphenyl suecinic acid amide (VII)

2-(2-methoxyethoxy) acetic acid (432mg, 3.22mmol) were dissolved in N,N-dimethylformamide
(20mL). Benzotriazol-N,N,N',N'-tetramethyluronium hexafluorophosphate (1.83g, 4.83mmol) were added
and stirred for 30 minutes. Then (R)-2-((R)-2-((R)-aminopropionylamino)
propionylamino( triphenylmethylamino)-1- hydroxymethylpheny! succinic acid amide (2.0g, 3.22mmol) and
N,N-diisopropylethylamine (1.24g, 9.61mmol) in N,N-dimethylformamide (20mL) were dropped into the
resultant mixture. After dropping, the temperature was slowly raised to ambient temperature(25°C) and then
the mixture was stirred for 10 hours. Most of N,N- dimethylformamide were removed by evaporation under
reduced pressure. The residue was dissolved in acety] acetate (200mL), washed subsequently by saturated
armmonium chloride solution(150mL) and saturated sodium chloride solution(150mL) and dried by
anhydrous sodium sulphate. After filtration, the solvent was removed by rotary evaporation. The resultant
crde product was purified by silla gel column chromatography(200-300 mesh,
dichloromethane/methanol=20/1-10/1, 2L) to obtain a white solid VII (1.2g, Yield 50%). LC-MS: 738
[M+11"

8) Synthesis of (R)-2-((R)-2-((R)-2-( methoxyethoxyacetylamino) propionylamino) propionylamino
-1- hydroxymethylphenyl succinic acid diamide (VIII)
(R)-2-((R)-2-((R)-2-( methoxycthoxyacetylamino) propionylamino) propionylamino
-4-( triphenylmethylamino)-1- hydroxymethylphenyl succinic acid amide(V1I) (1.0g, 1.36mmol) were
dissolved in dichloromethane (10mL). Trifluoroacetic acid (2mL) were added and then the resultant mixture

was stirred at ambicat temperature(25°C) for 5 hours. The reaction solution was washed by water (20mL.)
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and seprated. The organic phase was dried by anhydrous sodium sulphate and the solvents were removed by
evaporation under reduccd pressure. The residual trifluoroacetic acid was removed by evaporation. The
resultant crude product was purified by silicagel column chromatography(200-300 mesh,
dichloromethane/methanol=15/1-8/1, 1.5L) to obtain VIII (600mg, Yield 89%). LC-MS: 496 [M+17".

9) Synthesis of 4-((R)-2-((R)-2-((R)-2-( methoxyethoxyacetylamino) propionylamino)
propionylamino -4-aminocarboxybutyryl)) aminobenzylp-nitrophenylcarbonate ester (IX)

(R)-2-((R)-2-((R)-2-( methoxyethoxyacetylamino) propionylamino) propionylamino -1-
hydroxymethylphenyl Succinimide (500mg, 1.01mmol) were added into a 50 mi. three-neck flask,
dissolved in dichloromcthane (10mL). The resultant mixture was cooled 1o 0-5°C. p-nitrophenyl
chloroformate (406mg, 2.02mmol) and pyridine (160mg, 2.03mmol) were subsequently dropped into the
mixture under protection by nitrogen gas. After dropping, the resuitant mixture was stirred at ambient
temperature(25°C) for 18 hours. The reaction solution was washed by water(10 mL) and separated. The
organic phase was dried by anhydrous sodium sulphate and the solvents were removed by rotary evaporation.
The resultant crude product was purified by silicagel column chromatography(200-300 mesh,
dichloromethanc/methanol=30/1-20/1, 1L) to obtain IX (450myg, Yield 67%). LC-MS: 661 [M+1]".

10) Synthesis of2-(2-methoxyethoxy) acetylamino-L-Ala-L-Ala-L-Asn-p-amino-benzyl-paclitaxel
(817

4-((R)-2-((R)-2-((R)-2-(methoxyethoxyacetylamino)propionylamino) propionylamino
-4-amino-succinyl))amino-benzyl-paclitaxel-carbonic acid diester (250mg, 0.293numol) and paclitaxcl
(194mg, 0.293mmol) were dissolved in anhydrous N,N-dimethylformamide (10mL}). The resultant mixture
was cooled to 0°C and then 4-dimethyl pyridine (DMAP) (54mg, 0.44mmol) were added. The resultant
mixture was stirred at ambient temperature (25°C) for 18 hours. The reaction solution was pourcd into acetyl
acctate (20mL),the orgauic phasc was combined and washed subsequently by water (30mL) and dried by
anhydrous sodium sulphate. The solvents were removed by rotary evaporation to obtain a crude product.
The crude product was purificd by silicagel column chromatography (200-300 mesh,
dichloromethane/methanol=20/1-15/1, 500ml.) to obtain the target product S1 (150mg, Yield 57%). LC-MS:
1375 [M+1]". The LC-MS result showed that the corresponding mass-to-charge ratio of clution peak 8.59
was 1375, which are consistent to its calculated mass-to-charge ratio of 1374.5.

§2°, 83’ and S4° were synthesized by making reference to S1°, as shown in the below table, cxcept
that the acetic acids substituted by alkoxy group used in step 7 have different molecular weights. When
synthesizing S2°, 3, 6, 9, 12, 15, 18-hexaoxanonadecanoic acid was used to replace 2-(2-methoxyethoxy)
acetic acid; in synthesis 0f S3°, 3, 6,9, 12, 15, 18, 21, 24, 27, 30, 33, 36-dodecaoxaheptatriacontanoic acid
was used to replace 2-(2-methoxycthoxy) acctic acid; and in synthesis of S4° purchascd long chain polyoxa
fatty acid(customized from GL Biochem (Shanghai) Ltd., n1=300) was used to replace 2-(2-methoxycthoxy)
acctic acid. According (o mass spectrum (MS) detection results, the mass-to-charge ratios of S2° and §3° are
1551 and 1816, respectively, which are consistent to their calculated molecular weights, 1550.6 and 1815.9.

According to Matrix-Assisted Laser Desorption/ Tonization Time of Flight Mass Spectrometry
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(MALDI-TOF-MS), S4’s molecular weight is about 14524, which is consistent with its calculated molecular

weight, 14524.7.

- B Table 9
‘No.|n | Character Molecular weight by MS | Fluorescence Output(milligram) | Yield
S17 )1 White powder 1375 None 150 57%
52715 White powder | 1551 None 178 48%
S3’ | 11 | White powder | 1816 v None 159 56%
S4° | 150 | Whitc powder | 14524 None 525 38%

Example 17: Synthesis of S10°-524°

The synthetic method was similar to that for S1°, except for the starting amino acids used for linking
are different, as shown in Table 10. Corresponding R; amino acid and R; amino acid were dissolved in
N.N-dimethylformamide, respectively. The same condensating agent, 1-ethyl-(3-dimethylaminopropyl)
carbodiimide hydrochleride, was added and reactions were allowed to take place at 0-25°C for 0.5-2 hours.
Then Asn was added and reaction was taken placc at 0-25°C for 2-24 hours to obtain a tripeptide. As
determined by mass spectrum (MS), the molecular weights of $10°-824” (n=1) are shown in the following

table, which are consistent with their calculated molccular weights.

Table 10
No. R, amino acid | Ry amino acid MS Molecular @ Character Output Yield
detection | weight (mg)
S10’ Ala Thr 1405 1405.03 white powder | 97 67%
S1r° Ala Val 4 1403 1402.98 white powder » 113 43%
Si2 Ala Asn 1418 1417.95 while powder | 135 25%
S13° Thr Ala 1405 1405.03 white powder | 321 78%
S14° Thr Thr 1435 1435.05 white powder | 79 57%
S15° Thr Val 1433 1433.08 white powder 41 24%
S16’ Thr Asn 1448 1448.05 white powder | 135 57%
S17’ Val Ala 1403 1403.05 white powder | 312 68%
S18° Val Thr 1433 1433.08 white powder 112 45%
S19? Val Val » l4’>l r 1431.11 ‘ white powder | 68 36%
820 Val Asn 1446 o 1446.08 white powder | 39 53%
S21° tle Ala 1417 1417.08 white powder 18 19%
S22 e Thr 1447 1447.11 white powder | 27 32%
S23 NS Val 1445 ,L,4f‘5'14 white powder | 74 34%
524* Ile Asn 1460 1460.11 white powder | 47 51%
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Example 18: Solubility comparision of present water-soluble paclitaxcl for targeted activation in tumor
microenvironment and control compounds on the formulation of the drug

(1) sample trcatment

Compounds S17, $2°, $3’ and S$4’(prepared in example 16) and various control compounds C1, C2, C3,
C4, C5 and C6 were lyophilizaed (-70°C), separately packing in a sterile room. Before animal test, S17, 82,
$3' and S4” were dissolved by solvent 1 (injectable water) or solvent 2 (50% injectable water, 42%~49%
propanediol, 1%~8% Tween80) in sterile room. S1°, 827, §3” and §4’ could completely dissolved in both
solvent 1 and solvent 2, achieving a concentration of 10 mg/ml, and can be diluted by injectable water to the
desired concentration. On the contrary, comparative compounds (C1, C2, C3, C4, C5) did not satisfy the

formulating requirement, as shown in Table 11.

Table 11: Effect of absence of similar components in control compounds or linkage to Paclitaxel at its

7- or 2-position (i.e., linking the group to the OH at 7- or 2-position of Paclitaxel) on the solubility of the

drug

Compound Solvent | Solvent 2

Cl: AAN -group 2- Paclitaxel (linking at 2-position) insoluble insoluble

C2: group 1- AANL - Paclitaxel (linking at 2-position) insoluble insotuble

C3: AAN - Paclitaxel (linking at 2-position) insoluble insoluble
C4: group 1- AAN -group 2- Paclitaxel (linking at 7-position) insoluble insoluble

C5: group 1- AANL -group 2- Paclitaxel (linking at 2-position) insoluble insolublc

C6: group 1- AANK -group 2- Paclitaxcl (linking at 2-position) soluble soluble

N ‘ soluble soluble

S2’ soluble soluble

83 soluble soluble

S4° soluble soluble

d \\.fﬁ/ \"‘“[-;,/"/ \“H 5;%/ ‘% e
w2
group | O sgroup 20t

In Table 11, AAN, AANL and AANK indicate the linkage formed by small peptides in the compounds,
Ais Ala, N is Asn, L is Leu and K is Lys. Solvent 1 is injectable water, solvent 2 contains 50% injectable
water, 45%~49% propanediol, 1%~5% Tween80. The dissolution concentration is 10 mg/ml.

According to Table 11, solubility of the present Paclitaxel derivatives is significantly changed, with
increased solubility in solvent | or 2. Change in solubility may greatly atfect the formulation scheme of a
drug. Solubility of comparative compounds (C1, C2, C3, C4, C5) did not satisfy the formulating
requirement. As compared to the traditional Paclitaxel which is insoluble in water, S1°, 827, 83° and S4’° can

be used to produce a sofuble formulation. Their injection doses and efficacies can be improved and auxiliary
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materials that cause allergy generally used for Paclitaxel can be avoided, indicating that they have a

promising innovation and prospect of use.

Example 19: Methods for determinining the contents of 817, 827, 53 and 84’ in respective products
and their content ranges

As detected by analytic HPLC (Agilent 1220 series, C8 column S jum, 4.6 mm ID*250 mm; the
mobile phase is 0-95% acctonitrile (ACN) ), the purities of S1°, 82, 83’ and S4” are all in the range of
95-99%.

Example 20: Activation efficiency of present paclitaxel derivatives for targeted aclivation in tunior
microenvironment.

Solvent(50% injectable water, 45%-49% alcohol,1%-5% Tween 80 ) was used to dissolve sample
compound §1°, $2°, S3” and S4°, and they were diluted for ten times to a concentration of 1 mg/ml. At 37°C,
samplc compounds were added into 100pg acidized tumor tissue homogenates(pt16.0) in a concentration of
1mg/ml. The enzyme in tumor tissue homogenates could release Paclitaxel. Reduction of compounds and
increase of Paclitaxel were detected by HPLC, thereby comparing the activation efficiency of the drugs by
the tumor tissue. It was found that the current compounds S1°, $2°, §3” and S4” exhibited highest activation

efficiency among the screened compounds.

Table 12: Activation ratio (%) of 17, 827, §3” and S4” in homogenates from different tumor tissucs

Activation ratio (%) in homogenates from differcnt
Different tumor tissues Cells producing tumor tissucs
tumor Sr S2 S3° 54

Human fibrosarcoma HT-1080 74.7 754 67.9 74.6
Human breast cancer MDA-MB435 92.3 91.4 90.4 92.8
Human ovarian cancer SK-OV-3 88.4 84.6 79.3 1638
Human colon cancer HT-29 79.4 89.9 91.4 90.6
Human chronic leukemia K562 64.7 733 70.2 742
Human pancreatic cancer Panc-1 94.8 93.8 91.5 93.1
Human non-small cell lung A549 864 89.4 81.4 83.6
cancer _

Human prostate cancer ; PC3 97.3 98.4 : 96.3 93.5
Human hiver cancer Hepg2 95.3 84.6 83.5 74.2
Human renal cancer OS-RC-2 86.4 91.5 86.4 90.5
Human heart none none none none

Solvent(50% injectable water, 42%-49% alcohol,1%-8% Tween 80 ) was uscd to dissolve samnple

compounds S17, 52, $3” and $4°, and they were diluted for ten times to a concentration of 1 mg/ml. At 37°C,

sample compounds were added into 100ug acidized human breast cancer(MIDA-MB435) fumor tissuc
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lhomogenates(pH6.0) in a concentration of Img/ml. The enzyme in tumor tissue homogenates could release
Paclitaxel. Reduction of cormpounds and increase of Paclitaxel were detected by HPLC, thereby comparing
the activation efficiency of the drugs by the tumor tissuc. Results were showed in table 13.

Table 13: Effect of absence of similar components in control cotpeumds on activation of the drugs

Compounds activation efficiency(%)
Cl: AAN -group 2- Paclitaxel (linking at 2-position) 67.4
C2: group 1- AAN - Paclitaxel (linking at 2-position) 54.8
C3: AAN - Paclitaxel (linking at 2-position}) 34.9
C4: group 1- AAN -group 2- Paclitaxel (linking at 7-position) 12.1
C5: group - AANL -group 2- Paclitaxel (linking at 2-position) 57.4
C6: group 1- AANK -group 2- Paclitaxel (Jinking at 2-position) 47.7
S1’ ) 94.3
S2° 93.1
33’ 91.5
S4° 87.8

According to the results, different groups in the present Paclitaxel for targeted activation in tumor
microenvironment have various effccts on the activation of Paclitaxel drugs in tumor tissuc. The mutual
structure-efficacy of Paclitaxel with the groups linked determined the targeting and activation effects in
tissues. Activation of 17, 827, S3’ and $4” in different tumor types (10 kinds) proved their broad treatment
speetru(Table 13). Meanwhile, certain compounds produced in the screening were compared, and the
activation efficency in the same human breast cancer MDA-MB435 tissue was examined. It was proved that
the respective group selection in S17, 27, $3” and 84’ had relatively higher activation cfficency(Table 13).

The Paclitaxe! derivatives for targeted activation in tumor microenvironment of the present disclosure
were bascd on a great amount of synthetic experiments. Tn these experiments, we designed a lot of
complicated compounds having different linking manners. Then the complicated compounds were linked to
position 2 or 7 of Paclitaxel, that is, they were linked to Paclitaxel via the OH at position 2 or position 7.
The resultant Paclitaxel derivatives were screened through activation efficiency in tumor tissucs. The
screened derivatives were further screened through inhibition of tumor for R,, R; and 1. The activated site
that is specific to the tumor tissue locates between AAN and group 2. After cleaving by activation, group 2
can be freely released, thereby releasing Paclitaxel. Because the active center of asparagine endopeptidase
locates at the bottom of its globular depression and the cleavage site should be close to the active center, it is
very important if there is a steric hindrance to the cleavage site produced by the complicated compounds.

According to the screening results, it is presumed that linking of group 2 may cffcctively avoid steric
hindrance produced by directly linking Paclitaxel, which thereby not affecting approach of asparagine
endopeptidasc. And, the structure-efficacy of group 1 may increase the polarity of the cleavage site, which
allows the more water-soluble protease to be easily to approach the cleavage site and thereby to increase the
cleaving efficiency. Linking to position 2 of Paclitaxel could obviously reduce steric hindrance produced by
Paclitaxel to protease, expose more groups, each of which as a whole is hydrophilic, and increase cleaving

cfficiency and water solubility. Whereas an additinal polar amino acid K or L would decrease the activation
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efficiency.

Example 21: Detection of maximum tolerated dose (MTD) by intravenous injection of the Paclitaxel
derivatives for targeted activation in tumor microenvironment.

Test purpose: to investigate the acute toxicity of the present Paclitaxel derivatives via detecting
MTD(maximum tolerated dose) by intravenous injcction.

Test drugs: Solvent(50% injcctable water, 42%-49% alcohol,1%-8% Tween 80 ) was used to dissolve
sample compounds S1°, $2°, $3” and $4’, diluted to corresponding concentrations by physiological saline
when testing, to prepare S1°, 82°, S3” and 54’ injections.

Animal: the first class BALB/C mice purchased from SHANGHAI SLAC LABORATORY ANIMAL
CO. LTD, weighing 19-21 g and all mice being female.

Method and results: 42 BALB/C mice were randomly divided into 7 groups according to their body
weights, with 6 mice in each group. As shown in Table 14, the mice were intravenously injected with S17,
$2’, 837 and S4’ for just onc time in a dose of 0 mg/kg, 25 mg/kg, 50 mg/kg, 60mg/kg, 70mg/kg, 80mg/ke,
and 960mg/kg. Control tests were performed by injecting 0.2ml physiological saline or Paclitaxel(purchased
from Youcare Pharmaceutical Group Co., Ltd). Animals were observed for 17 continuous days for presence
or absence of the following behaviors on each day: pilo-crection, hair tousle and lackluster, lethargy, stoop
and irritable reaction, and body weight and death were recorded. Blood samples were taken on the 3, 5 and
14 days for counting the whole blood cells. Animals were anatomized on day 14 to take the heart, liver,
kidney, lung, spleen, and pancreas for HE staining.

Table 14: Comparison of mortality rates of test mice receiving different doses of S17, §2°, S3" and 847

injections, physiological saline or Paclitaxel injection

Group Dose (mg/kg) Number of Number of dead animal | Mortality rate
animal (%)

t physiological saline ; Omg/kg 10 0 0
2 st 125mg/ke 10 o 0

3 St 150mg/kg 10 0 0

4 SP 175mg/kg 10 0 0

5 St’ 200mg/kg _]‘O i 10

6 52 2smgke | 10 o
7 s2 150mg/kg 10 0 0

8 527 175mg/kg 10 0 0

9 S2’ 200mg/kg 10 ] 10

10 S3° 125mg/kg 10 0 0

11 BE 150mg/kg 16 0 0

12 S3° 175mg/kg 10 0 0

13 S3° 200mg/kg 10 1 10

14 S4° 125mg/keg 10 0 0

15 sS4’ 150mg/kg. 10 0 0
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16 S4° l75mg/kg 10 0 0
17 sS4’ 200mg/kg §0 0 10
18 Pachtaxel 25mg/kyg - 10 0 o
19 Paclitaxel - 30mgiky |10 1 R
20 Paclitaxel 35ngkg JO ) 4 40%
21 Paclitaxel 40mg/kg ‘ 1() 8 90%

Group Number of

i
i
{
i

and death were obscrved in mice receiving 90 mg/kg S1°, S2°, S3” and S4° injections. As shown in Table 11,
the MTD of the S1” and S2’ injections were about 90mg/kg, which is far beyond the MTD of Paclitaxel,
6mg/kg. The MTD for intravenous administration of a test drug is an important reference index for drug
toxicity. The results indicate that the toxicity of the Paclitaxcl released by targeted activation is significantly

reduced as comparcd with Paclitaxel.

Example 22: Study on efficacy of S1°, S2°, S3” and S4’ injections in nude mice

Test purposc: to investigate the anti-tumor efficacy of S1°, §2°, S3” and S4” in mice model for tumor
treatment.

Test drug: S1°, S2°, §3” and S4” injections{same as Example 21 ) and Paclitaxel injection(purchased
from Youcare Pharmaceutical Group Co., Ltd), diluted to corresponding concentrations by physiological
salinc when testing.

Method and results:

1. Animal: nude mice of 6-8 weeks old, all female(purchased from SHANGHATI SLAC LABORATORY
ANIMAL CO. LTD).

2. Production of tumor model

1) Human prostate cancer PC-3 cells were purchased from American type culture collection (ATCC)
and identificd according the specification provided by ATCC. Cells were cultivated in BMEM culture
solution containing 10% fetal bovine serum at 37°C and 5% CO,. The cells were passaged for every three
days and cells within the 15th passage were used.

2) Production of tumor. $%10° Panc-1 cells were subcutaneously injected to the back of the nude mice.
Mice were randomly grouped after the tumor reached at least 100mm’. Then treatment began and the day on
which the treatment began was day 1.

3) Course of treatment

According to the clinical application of S1°, §2°, $3” and S4°, drugs were intravenously injected (IV).
S1°, 82, 837 and S4” were administered in a dose of less than 1/6 MTD, i.e., 24mg/kg, and Paclitaxel was
administered in a dose of 1/3 MTD, i.e.. 8mg/kg. The control group was administercd by physiological
saline. Drugs were administered once weekly for four weeks.

4) Grouping aad test results are shown in Table 15.

Table 15: Effect of S17, 827, §3” and S4’, Paclitaxel and control givisyy on tumor treatment in nude mice

inhibitory rate on tumor |

Size of tumor (mm’)
. = i

; { B i
animal : Day 10 E Day 24 i Day 10 Day 24
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31" group 10 76.42+14 96 84.62+45.94 35.7% 66.1%
S2° group 10 60.17£30.26 42.39+62.24 36.4% 83.01%
S37 group {0 75.60+28.54 74.39+48.94 49,4% 70.2%
S4’ group 10 73.35+38.46 63.99+47.13 42.9% 81.5%
Paclitaxel treatment 10 118.85436..47 | 249.54£95.46 | 7.5% 27.9%
group ) ’

Control group 10 268.12+55.64 346.1£104.74, |/ /

5) Results and discussions: As shown in Table 15, inhibition on tumor growth by S1°, S2°, S3" and S4°
were greatly improved as compared with the groups treating by Paclitaxel using the same molar

concentration and the control group.

Example 23: Study on efficacy of S1°, 27, S3” and S4” in D121 tumor immune model

Test purpose: to investigate the anti-tumor efficacy of S1°, §2°, S3” and S4” in a D121 lung cancr
model for immune treatment.

Animal: C57 mice of 6-8 weeks old, all female(purchased from SHANGHAI SLAC LABORATORY
ANIMAL CO. LTD).

Test drug: S1°, §2°, 83" and S4” injections{same as Example 21 ) and Paclitaxel injection{purchased
from Youcare Pharmaccutical Group Co., Ltd), diluted to corresponding concentrations by physiological
saline when testing.

Production of tumor modcl:

1) D121 lung tumor cells were purchased from ATCC. Cells were cultivated in DMEM culture
solution containing 10% fetal bovine serum at 37°C and 5% CO,. The cells were passaged for every three
days and cells within the 15th passage were used.

2) Tumor immunization. 5x10° D12] lung cancer cells (purchased from ATCC) which were killed by
irradiation were intraperitoneally injected to mice. The mice were injected for 3 times, once every two
weeks. After immunization, mice were injected with tumor cells and the drugs were administered weekly for
4 weeks. In table 16 below the immune group was immuned with D121 lung tumor cells and the group
without dcad D121 lung tumor cells was injected with physiological saline as controls.

3) Production of tumor. After immunization(4 weeks later), 10°live lung tumor cells were
subcutancously injected to the back of the C57 mice immunized by tumor, Treatment began when the twmor
grew 1o 0.3-0.4cm. Tumor size(mm’) were noted and tumor inhibition rates were calculated.

4) Analysis on tumor CD8+ T cells. The tumor tissue was homogenated and individual cells in the
tumor were filtered, separated and washed by buffer twice, then cultivated with the leucocyte common
antigen CD45-PE and CD8-FITC marked antibodies for 1 hour at ambient temperature. The cells were
washed by phosphate buffer containing 1% fetal bovine serum twice and then analyzed for the ratio of the T
lymphocytc antigen (CD8) positive cells in the leucocyte common antigen (CD45) positive cells by flow

cytometry.
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5) Grouping and test results are shown in Table 16.

Table 16: Etfect on inhibition of tumor and immunc activation of S1°, S2°, S3” and S4’, Paclitaxel and

control
] s inhibitory rate
Number of Size of tumor () CD8: CD45 (%)
Group on tumor’
antmal
B Day 18 Day 18
Immune group, without D121
8 1887.56+323.4 5.6
dead tumor cells
Immune group (Control group) | 8 1574.46+ 456.34 control 13.5
Imimune group+ S1’ 8 237.60 £156.42 84.9% 19.6
_[mmune group+ S2° 8 331.57% 11474 78.9% 18.1 N
Immune group+ S3° 8 357.63 +194.54 77.3% 16.7
Iimmune group+ S4° 8 304.55 + 184.53 80.7% 78
Imnune group+S1°+PDL1
3 74.78+27.25 95.3% 24.4
antibody —
fmmune group+ Paclitaxel 30 1210.28+ 375.46 23.1% 6.6
Imimune group+ Paclitaxel
: 8 1334.90+257.34 152% 7.7
¢ +PDLI anlibo;ij«

6) Results and discussion. As shown in table 13, treatment effects of S1°, 827, §3” and S4° on C57
mice were greatly improved as compared to the control group and the other treatment groups. S1° and
PDL1-antibody show an excellent synergistic effect in promoting immunization and treatment. They can

iphibit tumor growth via improving immunization.

Example 24: Study on efficacy of S17, S2°, S3” and S4’ in BALB/C mice model [or tumor metastasis

Test purpose: to investigate the anti-tumor efficacy of 817, §2°, §3” and S4° in BALB/C mice model
for treatment of tumor metastasis.

Test drug: S17, S27, §3”and 84’ injections(same as Example 31 } and Paclitaxel injection(purchased
from Youcare Pharmaceutical Group Co., Ltd), diluted to corresponding concentrations by physiological
saline when testing.

Method and results:

1. Animal: the first class BALB/C mice of 6-8 wecks old, all female(purchased from SHANGIHAI
SLAC LABORATORY ANIMAL CO. LTD).

2. Production of tumor model

1} 4T1 cells were purchased from American type culture collection (ATCC) and identified according
the specification provided by ATCC. Cells were cultivated in DMEM culture solution containing 10% fetal
bovine serum at 37°C and 5% CO,. The cells were passaged for every three days and cells within the {5th
passage were used.

2) Production of tumor metastasis. 10° T1 cells were subcutancously injected to the back of the
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BALB/C mice. Mice were randomly grouped after the tumor grew to about 1.5 cm. The subcutaneous tumor
was removed by surgery and drug treatment began. Mice were killed after anesthesia on day 27. The whole
lung was taken out and put into Bouin’s solution for staining. The number of the tumor metastasized to lung
was counted with anatomical microscope.

3) Course of treatment

According to the clinical application of S1°, 827, $3” and S4°, drugs were intravenously injected (1V).
S1°, S2°, 83" and S4° were administered in a dose of 1/6 MTD, i.e., 12mg/kg, and Paclitaxel was
administered in a dose of 1/6 MTD, i.e., 4mg/kg. The control group was administered by physiological
salinc. Drugs were administered once for every three days for 4 times.

4) Grouping and test results are shown in Table 17.

Table 17: Elfects of $1°, $2°, 53’ and S$4°, Paclitaxel and controf on inhibition of tumor metastasis in

BALB/C mice
Group Number of animal | Number of metastasized tumor | Inhibitory rate on
metastasis
S1’ Group 10 243 99.2%
S$2’ Group 10 8+7 94.1%
S3” Group 10 138 90.44%
S4° Group 10 15£16 89.0%
Paclilaxel treatment group 10 128425 v 5.9%
Control group 10 136.0+46 /

5) Results and discussion. As shown in Table 17, the inhibitory effect on tumor metastasis of BALB/C
mice was greatly improved after intraperitoneal injection of 17, 827, 83’ and 84, as compared with the
Paclitaxel group and the control group, indicating that this kind of drugs exhibits an excellent efficacy on

anti-tumor metastasis.

Example 25: Study on cfficacy of 1" injection in multiple tumor models

Test purpose: Lo investigate the anti-tumor spectrum of S1° through multiple tumor models from mice

Test drug: S1” injection(same as Example 21 ), diluted to corresponding concentrations by
physiological saline when testing.

Method and results:

1. Animal: nude mice of 6-8 weeks old, all female(purchased from SHANGHAIL SLAC
LABORATORY ANIMAL CO. LTD).

2. Production of tumor model

1) Corresponding tumor cells were purchased from American type culture collection (ATCC) and
identificd according the specification provided by ATCC. Cells were cultivated in DMEM culture solution
containing 10% fetal bovine serum at 37°C and 5% CO,. The cells were passaged for every three days and
cells within the 15th passage were used. '

2) Production of tumor. 5% 10° corresponding cells were subcutancously injected to the back of the
nude mice. Mice were randomly grouped after the tumor reached at least 100mm’. Then treatment began

55




10

CA 02958495 2017-02-17

and the day on which the treatment began was day 1.

3) Course of treatment. According to the clinical application of S17, S1” was administered in a dose of

1/6 MTD, i.v., 17.6 pmol/kg. The control group was administered by physiological saline. Animals were

administered once weekly for threc weeks.

4) Grouping and test results are shown in Table 18.

5) Results and discussion. As shown in Table 18, S1 shows an excellent efficacy in multiple tamor

models, demonstrating that the anti-tumor drug has a wide anti-tumor spectrum.

Example 26: activation efficiency, inhibitory rate on tumor and inhibitory rate on metastasis of

Table 18: Treatment effect of ST’ in mudtiple tumor models

Human renal cancer

Group Tumor cell inhibitory rate on tumor (Day 26)
Human breast cancer MDA-MB435 | 90.7%
Human ovarian cancer SK-OV-3 85.6%
Human colon cancer HT-29 89.7%
Human chronic leukemia K562 77.9%
Hurman colon caner HT1080 94.3% -
Human pancreatic cancer Panc-1 88.59%
Human non-small cell lung cancer | A549 94.6%
Human liver cancer Hepg2 84.3%
OS-RC-2 85.7%

S1y ~S24

The activation efficiency, inhibitory rate on tumor and inhibitory rate on metastasis of S10” ~ S24°

were examined respectively using niethods same as that in example 20,22 and 24. Results were showed in

table 19.
Table 19: activation ¢fficicicy, inhibitory rate on tumor and on metastasis of S10” ~ S24°

Compound R, | R; | activation inhibitory rate on tumor inhibitory rate on

No. B cfficiency(%) (%)(Day 38) metastasis(%) |
s10 Ala | Thr | 65.4%. 65.6% 75%3 ‘
Si° Ala | Val | 42.6% 46.2 % 44.5%

s12° Ala | Asn | 38.4% 49. 5% 81.6%
S13° Thr | Ala | 75.7% 61.3% | 87.4%

sS4 Thr  Thr | 37.5% 524% 29.4%

S1s ( Thr | Val | 54.6% 45. 8% 39.3%

S16> | Thr Asn|332% 68.3% 56.8%

S177 ival | Ala  30.6% 583% 64.8%

S8 Val | Thr | 65.8% 69.8% 1 80.1%

S - Val | Val | 38.5% o 1552% 68.3%
S20¢ Val | Asn | 43.5% 47.8% 71.4%
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S0 lne (al aoen  lasan o lesow )
s e [Theleow sesw ;705/

B e v s e assn
s le [Asldo% 47.48% s

In the present disclosure, other Paclitaxel derivatives for targeted activation in tumor
microenvironment were synthesised, of which n is any integer between 1-300, R is Ala, Thr, Val or lle; Ry
is Ala, Thr, Val or Asn. And they were subjected to activation test as done in Examples 17, study on
cfficacy on tumor as done in Examples 23 and 24, study on efficacy of inhibiting metastasis as done in
Example 25 and study on efficacy on multiple tumors as done in Example 26. Results showed that they had
similar results to $1°- S4”. As demonstrated by the cxperiments, when 1 is in the range of 1-300, the
inhibitory rate on tumor is slightly reduced as n increases. The activation activity also slightly decreases and
mass of drugs in the same mole increases, as n increases. However, the metabolic half life of the drug also
increases as n increases. Therefore, the entire efficacy is only slightly decreased and when n is in the range

of [-300, all compounds could produce simitar technical effect to S1°- §4°.

Example 27: Synthesis of water-soluble Paclitaxel for targeted activation

1). Synthesis of di (2-methoxyethoxyacetyl)-L-lysine cthyl ester (I)

2-(2-methoxyethoxy) acctic acid (161mg, 1.2mmol) were dissolved N,N-dimethylformamide (10mL)
and cooled in an ice bath. 2-(7-azabenzotriazol)-N,N,N' N'-tctramethyluronivm hexafluorophosphate
{462mg, 1.2mmol), N,N-diisopropy} cthylamine (313mg, 2.4mmol) and L-lysine ethyl ester dihydrochloride
(100mg, 0.4mmol) were added when stirring. After addition, the resultant mixture was stirred at ambient
temperature overnight. The solvents were removed by evaporation under reduced pressure. The crude

product was purified by reversed phase column to obtain I (128mg, Yield 77.8%).

2). Synthesis of di (2-mcthoxycthoxyacetyl)-L-lysine (II)

Di (2-methoxycthoxyacetyl)-L-lysine ethyl ester (I) (122mg, 0.3mmol) were dissolved in
tetrahydrofuran (15mL). An aqueous solution of lithium hydroxide (39mg, 0.9mmol) was dropped into the
resultant mixture after it was cooled to 0°C. The resultant mixture was stirred at ambient temperature for 2
hours and then cooled in an ice bath. Then pH was adjusted by concentrated hydrochloric acid to 2.
Tetrahydrofuran was removed by evaporation. The resultant product was freeze-dried to produce a crude

product IT (112mg, Yicld 99%:}), which could be dircctly used in the next step without purification.

3). Synthesis of di (2-methoxyethoxyacetyl)-L-Lys-L-Ala-L-Ala-L-Asn (Trt)-4-amino benzyl alcoho)
{1

Di (2-methoxyethoxyacetyl)-L-lysine (112mg, 0.3mmol) were dissolved in N.N-dimethylformamide
(10mL). 3-(Diethoxyphosphoryloxy)-1, 2, 3~benzotrizin-4-one (109mg, 0.36mmol), L-Ala-L-Ala-L-Asn
(Trt)-4-amino benzyl alcohol (188mg, 0.3mmol) and N N-diisopropyl cthylamine (117mg, 0.9mmol) were
dropped into the resultant mixture after it was cooled to 0°C. After dropping, the resultant mixture was
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stirred at ambicnt temperature overnight. The solvents were removed by cvaporation under reduced pressure.

The crude product was purified by reversed phase cofumn to obtain UT(15%mg, Yield 54.0%).

4). Synthesis of di (2-methoxyethoxyacetyl)-L-Lys-L-Ala-L-Ala-I.-Asn
(Trt)-4-aminobenzyl-4-nitrophenyl carbonate (1V)

Di (2-methoxycthoxyacetyl)-L-Lys-L-Ala-L-Ala-L-Asn (Trt)-4-amino benzyl alcohol (167mg,
0.17mmol) dissolved in tetrahydrofuran (10mL) was added into a three-neck flask. 4-nitrophenyl
chloroformate (73mg, 0.36mmol) and pyridine (3%9mg, 0.50mmol) were dropped into the resultant mixture
after it was cooled to 0°C. The resultant mixture was stirred at ambient temperature overnight. The solvents
were removed by evaporation under reduced pressure. The crude product was purified by reversed phase

column to obtain IV(153mg, Yield 78.5%).

5). Syathesis of di (2-methoxyethoxyacetyl)-L-Lys-L-Ala-L-Ala-L-Asn-4-aminobenzyl-4-
nitrophenyl carbonate (V)

Di (2-methoxyethoxyacetyl)-L-Lys-L-Ala-L-Ala-L-Asn (Trt)-4-aminobenzyl-4-nitrophenyl carbonatc
(IV) (100mg, 0.087mmol) were dissolved in trifluoroacetic acid (1mL). Two drops of water were added and
then pumped by an oil pump immediately to obtain a crude product V (80mg), which could be directly used

in the next step without purification.

6). Synthesis of di (2-methoxyethoxyacetyl)-L-Ala-L-Ala-L-Asn-4-aminobenzyl- Paclitaxcl (A1)

Di (2-methoxyethoxyacetyl)-L-Lys-L-Ala-L-Ala-L-Asn-4-aminobenzyl-4-nitrophenyl carbonate
(80mg, 0.088mmol) and Paclitaxel (76mg, 0.089mmol) were dissolved by anhydrous
N,N-dimethylformamide {10mL) and cooled to 0°C. DMAP (22mg, 0.18mmol) were added and then stitred
at ambicent temperature overnight. Again Paclitaxel (38mg, 0.044mmol) was added and the mixture was
stirred overnight. The reaction solution was poured into cthy! acetate. The organic phases were pooled,
washed by water, dried by anhydrous sodium sulphate. The solvents were removed by rotary evaporation.
The crude product was puritied by reverse phasc column to obtain the target product Al (25mg, Yield
37.5%). According to the detection result by LC-MS, the mass-to-charge ratio of clution peak is 1619, which

is consistent with its calculated molecular weight.

7) A2, A3 and A4 were synthesized by making reference to Al, except that the acetic acids substituted
by alkoxy group used in step 7 have different molecular weights. When synthesizing A2, 3, 6, 9, 12, 15,
18-liexaoxanonadecanoic acid was used to replace 2-(2-methoxyethoxy) acetic acid, in synthesis of A3, 3, 6,
9,12, 15, 18,21, 24, 27, 30, 33, 36-dodecaoxaheptatriacontanoic acid was used to replace
2-(2-methoxycthoxy) acctic acid, and in synthesis of A4, polyoxa fatty acid was used to replace
2-(2-methoxycthoxy) acetic acid. According to mass spectrum (MS) detection results, the mass-to-charge
ratios of A2,A3 and Ad are 1619, 1972 and 2500, respectively, which are consistent to their calculated
molecular weights, 1619.71, 1972.13 and 2500.77. According to Matrix-Assisted Laser Desorption/
lonization Time of Flight Mass Spectrometry (MALDI-TOF-MS), A4’s molecular weight is about 14739,
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which is consistent with its calculated molecular weight, 14739.59, as shown in the table 20 below.

) Table 20
No. E n Characler Molecular weight by ‘ Fluorescence Output Yield
Al i iii 1 | White powder 1619 4 | None 25 - 37.5%
A2 |5 | Whitcpowder | 1972 None 245 43.3%
A3 1Tl White powder | 2500 None 456 66.4%
A4 ] 150 White powder 1”1"4739 None 645 34.6%

8) Compounds A10-A24(n=5) werc also prepared in the present disclosure by similar method for
synthesizing A2, except that the starting amino acids used for linking were different, as shown in Table 21,
Corresponding Rz amino acid and R; amino acid were dissolved in N,N-dimethy!{formamidc. The same
condensating agent, 1-cthyl-(3-dimethylaminopropyl) carbodiimide hydrochlonde, was added respectively
and reactions were allowed to take place at 0-25°C for 0.5-2 hours. Then Asn was added and reaction was
taken place at 0-25°C for 2-24 hours. The resultant was purified to obtain a tripeptide. The tripeptide
Ala-Ala-Asn was replaced to the systhesised intermediate to prepare A10-A24. Molecular weights of
A10-A24, as detected by mass spectrum (MS), are shown in Table 21, which are consistent to their

respective calculated molecular weights.

o - ) Table 21
No. of R, Ry Molecular weight | Calculated molecular Output Yield
Compound by MS weight B (milligrany)
Al0 Alq Thr ] 2002 w_2_0_02:16 ] 64 43%
AL Ala Val | 2000 7 2000.11 8 42%
Al2 Ala Asn 2015 _2915.08 43 27%
A13 Thr Ala 2002 2002.16 48 38%
Al4d ‘ Thr Thr ‘ 2032 2032.}8 45 o 37% )
AlS Thr Val 2030 1203021 / 2 25% 5
Alb Thr Asn 2045 2045.18 46 13T
Al7 ‘ Val A)zz 2000 ‘ 2000.18 57 23% B
AlR Val Thr 2030 « 2‘0“30.2 1 ) 43 o 35%
| /\19 Val Val 20238 2028.24 23 23%
P A20 Val Asn 2043 204321 » 46 64%
A2 e Mmool WA TS
/\227 B Ie Thr _ 42044 2044.24 43 4%
AZ% ‘‘‘‘‘ Hc: Val 2042 v “42042.27 ‘ /2‘3 | 33%
‘ A24,, ‘ l»le»:w ; Asn 2057 2057.24 v ,/6() 45% J

Example 28: Solubility comparision of present water-soluble paclitaxel for targeted activation and
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control compounds on the formulation of the drug

iyophilizacd (-70°C) compounds A1, A2, A3, A4 and various control compounds C1, C2, C3, C4, C5
and C6 were separately packing in a sterile room. Before animal test, A1, A2, A3 and A4 were dissolved by
solvent I (injectable water) or solvent 2 (45% alcohol, 55% injectable water) in sterile room. A1, A2, A3 and
A4 could completely dissolved in both solvent 1 and solvent 2, achieving a concentration of 10 mg/ml, and
can be diluted by injectable water to the desired concentration. On the contrary, comparative compounds
(C1, C2, C3, C4, C5 and C6) did not satisfy the formulating requirement, as shown in Table 22.

Table 22: Effcct of absence of similar components in control compounds or linkage to Paclitaxel at its 7- or

2-position (e, linking the proup to the OH at 7- or Z-pusition of Paclitaxel) on the solubility of the diug
Compound Solvent 1 Solvent 2
Cl: AAN -group 2- Paclitaxel (linking at 2-position) insoluble insoluble
C2: group 1- AANL - Paclitaxel (linking at 2-position) insoluble insoluble
C3: AAN - Paclitaxel {linking at 2-position) | insoluble insoluble
C4: group 1- AAN -uroup 2- Paclitaxel (linking at 7-position) insoluble insoluble
C5: aroup 1- AANL -graup 2- Paclitaxel (linking at 2-position) insoluble | insoluble
C6: wroup 1- AANK -group 2- Paclitaxcl flinking at 2-position) insoluble insoluble
Al B insoluble soluble
A2 soluble soluble
A3 solublc | soluble
Ad soluble soluble
A : .
i PN
e ) M" N - “Hl ﬂ{ [/ © )
group [: H O group2: TN et

In Table 22, AAN, AANL and AANK indicate the linkage formed by small peptldcq in the compounds,
Ais Ala, N is Asn, L is Leu and K is Lys.

According to Table 22, Paclitaxel is insoluble in water, but its solubility 1s significantly changed after
modification, with increased solubility in water. Change in solubility may greatly affect the formulation
scheme of a drug. As compared to the traditional Paclitaxel which is insoluble in water, A1, A2, A3 and Ad
can be used to produce a soluble formulation. A1, A2, A3 and A4 can dircetly dissolve in water, Thus, their
injection doses and cfficacics can be improved and auxiliary materials that causc allergy generally used for
Paclitaxel can be avoided. This is a great progress in drug development, and indicates that the water-soluble
Paclitaxel for targeted activation in tumor microenvironment has a promising innovation and prospect of use.
On the contrary, comparative compounds (C1, C2, C3, C4, C5 and C6) did not satisfy the formulating

requirement.

Example 29: Methods for determinining the contents of A1, A2, A3 and A4 in respective products and

their content ranges
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As detected by analytic HPLC (Agilent 1220 series, C8 column 5 um, 4.6 mm IDx250 mm; the
mobile phase is 0-95% acctonitrile (ACN) ), the purities of A1, A2, A3 and A4 arc all in the range of
95-99%.

Example 30: Activation efficiency of present water-soluble paclitaxel derivatives for targeted
activation in tumor microenvironment.

Solvent(50% injectable water, 45%-49% alcohol,1%-5% Tween 80 ) was used to dissolve sample
compound A1, A2, A3 and A4, and they were diluted for ten times to a concentration of I mg/ml. At 37°C,
sample compounds were added into 100pg acidized tumor tissue homogcenates(pH6.0) in a concentration of
Img/mi. The enzyme in tumor tissue homogenates could release Paclitaxel. Reduction of compounds and
increase of Paclitaxel were detected by HPLC, thereby comparing the activation efficiency of the drugs by
the tumor tissue. It was found that the current compounds A1, A2, A3 and A4 exhibited highest activation
cfficiency among the screened compounds.

Table 23: Activation ratio (%o} of A1, A2, A3 and A4 in homogenates from different tumor tissucs

Different tumor tissues Cells producing | Activation ratio (%) in homogenates from different tumor tissues
tumor Al A2 A3 Ad

Tuman fibrosarcoma HT-1080 77.7 78.4 70.3 712
Human breast cancer MDA-MB435 95.6 94.4 93.4 97.8
Human ovarian cancer SK-OV-3 91.4 88.6 82.8 66.4
[uman colon cancer HT-29 824 92.9 94.6 93.6
Human chronic leukepj{ﬁg K562 67.7 76.3 73.2 77.2
I'Iuman;pancreatic cancer Panc-1 978 _ 93.8~' 94.5 96.1
Human non-small cell AS549

89.5 92.4 84.4 86.2
lung cancer e
Human prostate cancer PC-3 100.3 101.4 99.3 96.5
Human liver cancer Hepg?2 98.3 87.6 86.5 7.0
Fluman renal cancer OS-RC-2 89.2 ‘ 94.5 89.4 935 B
Human hearl none none none none

The affect 1o drug activation of similar ingrdients in control compounds was evaluated. Solvent{50%
injectable water, 42%-49% alcohol,1%-8% Tween 80 ) was used to dissolve sample compound Al, A2, A3
and A4, and they were diluted for ten times to a concentration of 1 mg/ml. At 37°C, sample compounds were
added into 100pg acidized human breast cancer(MDA-MB435) tumor tissue homogenates(pH6.0) in a
concentration of 1mg/ml. The enzyme in tumor tissue homogenates could release Paclitaxel. Reduction of
compounds and increase of Paclitaxcl were detccted by HPLC, thereby comparing the activation efficicncy
of the drugs by the tumor tissue. Results were showed in table 24.

Table 24

Compounds ¢ activation ctticiency(%)

64.4

Cl: AAN -group 2- Paclitaxel (linking at 2-position)
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C2: group 1- AAN - Paclitaxel (linking at 2-position) 51.9
C3: AAN - Paclitaxel (linking at 2-position) 327
C4: group 1- AAN -group 2- Paclitaxel (linking at 7-position) 11.6
C5: group 1- AANL -group 2- Paclitaxel (linking at 2-position) 544
C6: group 1- AANK -group 2- Paclitaxel (linking at 2-position) 433
Al 95.1
A2 96.3
A3 94.5
A4 84.3

According to the results, different groups in the present Paclitaxel for targeted activation in fumor
microenvironment have various effects on the activation of Paclitaxel drugs in tumor tissue. The mutual
structure-cfficacy of Paclitaxcl with the groups linked determined the targeting and activation effects in
tissues. Activation of A1, A2, A3 and A4 in different tumor types(10 kinds) proved their broad treatment
spectru(Table 24). Meanwhile, certain compounds produced in the screening were compared, and the
activation efficency in the same human breast cancer MDA-MB435 tissue was examined. It was proved that
the respective group sclection in A1, A2, A3 and A4 had relatively higher activation efficency(Table 24).

The Paclitaxel derivatives(A [~A4 and A10~A23) for targeted activation in tumor microenvironment
of the present disclosure were based on a great amount of synthetic experiments. In these experiments, we
designed a lot of complicated compounds having different linking manners. Then the complicated
compounds were linked to position 2 or 7 of Paclitaxcl, that is, they were linked to Paclitaxel via the OH at
position 2 or position 7. The resultant Paclitaxel derivatives were screened through activation efficiency in
tumor tissucs. The screened derivatives were further screened through inhibition of tumor for R,, Ry and n.
The activated site that is specific to the tumor tissuc locates betwecn AAN and group 2. After cleaving by
activation, group 2 can be freely released, thereby releasing Paclitaxel. Because the active center of
asparagine endopeptidase locales at the bottom of its globular depression and the cleavage site should be
close to the active center, it is very important if there is a steric hindrance to the cleavage site produced by
the complicated compounds.

According to the screening results, it is presumed that linking of group 2 may effectively avoid steric
hindrance produced by directly linking Paclitaxcl, which thereby not affecting approach of asparagine
endopeptidase. And, the structure-efficacy of group 1 may increase the polarity of the cleavage site, which
allows the more water-soluble protease to be easily to approach the cleavage site and thercby to increase the
cleaving ctficiency. Linking to position 2 of Paclitaxel could obviously reduce steric hindrance produced by
Paclitaxel to protease, expose more groups, each of which as a whole is hydrophilic, and increase cleaving
efficiency and water solubility. Whereas an additinal polar amino acid K or L would dcereasc the activation

efficiency.

Example 31: Detection of maximum tolerated dose (MTD) by intravenous injection of the
water-soluble Paclitaxel derivatives for targeted activation in tumor microenvironment.

Test purpose: to investigale the acute toxicity of the present Paclitaxcl derivatives via detecting MTD
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by intravenous injection.

Test drugs: Solvent(50% injectable water, 42%-49% alcohol,1%-8% Tween 80 ) was uscd to dissolve
sample compound Al, A2, A3 and A4, diluted to corresponding concentrations by physiological saline when
testing, to preparc A1, A2, A3 and A4 injections.

Animal: the first class BALB/C mice purchased from SHANGHAI SLAC LABORATORY ANIMAL
CO. LTD, weighing 19-21 g and all mice being female.

Method and results: 42 BALB/C mice were randomly divided into 7 groups according to their body
weights, with 6 mice in cach group. As shown in Table 21, the mice were intravenously injected with A1, A2,
A3 and A4 for just one time in a dose of 0 mg/kg, 25 mg/kg, 50 mg/ke, 60mg/kg, 70mg/kg, 80mg/ke, and
960mg/kg. Control tests were performed by injecting 0.2ml physiological saline or Paclitaxel(purchased
from Youcare Pharmaceutical Group Co., Ltd). Animals were observed for 17 continuous days for presence
or absence of the following behaviors on each day: pilo-erection, hair tousle and lackluster, lethargy, stoop
and irritable reaction, and body weight and death were recorded. Blood samples were taken on the 3, 5 and
14 days for counting the whole blood cells. Animals were anatomized on day 14 to take the heart, liver,
kidney, lung, spleen, and pancreas for HE staining,

Table 25: Comparison of mortality rates of test mice receiving different doses of Al, A2, A3 and A4

’ injections, physiologieal salinc or Paclitaxcl injection
Group Dose (img/kg) | Number of Number of Mortality
} animal dead animal rate (%)
1 physiological saline | Omg/kg 10 0 0
2 i Al 125mg/kg | 10 0 0
3 Al 150mg/kg | 10 0 0
4 Al 175mg/kg ¢ 10 0 0
5 Al 200mg/kg | 10 0 0
6 A2 125mg/kg | 10 2 10
7 A2 150mg/kg | 10 0 0
8 A2 175mg/kg | 10 0 0
9 A2 200mg/kg | 10 0 0
10 A3 125mg/kg | 10 1 10
11 A3 150mg/kg @ 10 0 0
12 A3 175mgkg 10 0 0
13 A3 200mg/kg | 10 0 0
t4 A4 125mg/kg | [0 2 20
15 A4 150mg/kg | 10 0 0
16 Ad 175mg/kg | 10 0 0
17 A4 ) 200mg/kg 10 0 0
18 Paclitaxel 25mg/kg 10 0 10
19 Paclitaxel 30mgrke 10 0 0

63




20

25

30

CA 02958495 2017-02-17

35mg/kg 10 1
40mg/ke 10 4

10%
40%

N

0 Paclitaxgl

Paclitaxel

Results and discussions: no pilo-crection, hair tousle and lackluster, lethargy, stoop, irritable reaction
and death were observed in mice receiving 90 mg/kg Al, A2, A3 and A4 injections. As shown in Table 25,
the MTD of the Al and A2 injections were about 90mg/kg, which is far beyond the MTD of Paclitaxel,
6mg/kg. The MTD for intravenous administration of a test drug is an important reference index for drug
toxicity. The results indicate that the toxicity of the Paclitaxel released by targeted activation is significantly

reduced as compared with Paclitaxel.

Example 32: Study on efficacy of A1, A2, A3 and A4 injections in nude mice

Test purpose: to investigate the anti-tumor efficacy of A1, A2, A3 and A4 in mice modcl for tumor
treatment.

Test drug: Al, A2, A3 and A4 injections(same as Example 31 ) and Paclitaxel injcction{purchased
from Youcare Pharmaceutical Group Co., Ltd), diluted to corresponding concentrations by physiological
saline when testing.

Method and results:

1. Animal: nude mice of 6-8 weeks old, all female.

2. Production of tumor model

1) Human prostate cancer PC-3 cells were purchased from American type culture collection (ATCC)
and identificd according the specification provided by ATCC. Cells were cultivated in DMEM culturce
solution containing 10% fetal bovine serum at 37°C and 5% CO». The cclls were passaged for every three
days and cells within the 15th passage were used.

2) Production of tumor. 5%10° Panc-1 cells were subcutancously injected to the back of the nude mice.
Mice were randomly grouped after the tumor reached at least 100mm’. Then trcatment began and the day on
which the treatment began was day 1.

3) Course of treatment

According to the clinical application of A1, A2, A3 and A4, drugs werc intravenously injected (I1V).
Al, A2, A3 and A4 were administered in a dose of less than 1/6 MTD, i.c., 24mg/kg, and Paclitaxel was
administered in a dose of 1/3 MTD, i.c., 8mg/kg. The control group was administered by physiological
saline. Drugs were administered once weekly for four weeks.

4} Grouping and test results are shown in Table 26.

Table 26: Cifect ofAl?rAg, A3 andrA4, Paclitaxel and control group on tumor treatiment in nude mice

Group Number of Size of tumor (inm?) inhibitory rate on tumor

) ' gnimal’__ww Day1o Day 24 Day 10 i Day 24
Al group 10 85.16+58.4 89.78£63.7 | 71.1% 76.4%
A2 group 10 55.19+36.2 44 .43 +479 81.3% 88.3%
A3 group 10 82.72£69.4.4 81.83+89.2 71.9% 73.5%
A4 group 10 80.69 £68.24 67.094+72.4 72.6% 82.4%
Paclitaxel} treatment group | 10 123.04+1253 12524922485 1 58.3% 337%
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i i
. Control group | 10 204932758 | 380.71 43627 |/ ! /

5) Results and discussions: As shown in Table 26, inhibition on tumor growth by Al, A2, A3 and A4
were greatly improved as compared with the groups treating by Paclitaxel using the same molar

concentration and the control group.

Example 33: Study on cfficacy of Al, A2, A3 and A4 in D121 tumor immune model

Test purpose: to investigate the anti-tumor efficacy of Al, A2, A3 and A4 in a D121 lung caner modcl
for immune treatment.

Animal; C57 mice of 6-8 weeks old, all female.

Test drug: Al, A2, A3 and A4 injections(samc as Example 31 ) and Paclitaxe!l injection(purchascd
from Youcare Pharmaceutical Group Co., Ltd), diluted to corresponding concentrations by physiological
saline when testing.

Production of tumor model:

1) D121 lung tumor cells were purchased from ATCC. Cells were cultivated in DMEM culture
solution containing 10% fetal bovine serum at 37°C and 5% CO,. The cells were passaged for every three
days and cells within the 15th passage were uscd.

2) Tumor immunization. 5%10° D121 lung cancer cells (purchased from ATCC) which were killed by
irradiation were intraperitoneally injected to mice. The mice were injected for 3 times, once every two
weeks, After immunization, mice were injected with tumor cells and the drugs were administered weekly for
4 weeks. In the table below the immune group was immuned with D121 tung tumor cells and the group
without dead D121 lung tumor cells was injected with physiological salinc as controls.

3) Production of tumor. After immunization(4 weeks later), 10° live tung tumor cells were
subcutaneously injected to the back of the C57 mice immunized by tumor. Treatment began when the tumor
grew to 0.3-0.4cm. Tumor size(mm’) were noted and tumor inhibition rates were calculated.

4y Analysis on tumor CD8+ T cells. The tumor tissuc was homogenated and individual cells in the
tumor were filtered, separated and washed by buffer twice, then cultivated with the leucocytc common
antigen CD45-PE and CD8-FITC marked antibodics for 1 hour at ambient temperature. The cells were
washed by phosphate bufler containing 1% fctal bovine serum twice and then analyzed for the ratio of the T
lymphocyte antigen (CD8) positive cclls in the leucocyte common antigen (CD45) positive cells by flow
cytometry.

5) Grouping and test results are shown in Table 27.

Table 27: Effect on inhibition of tumor and immunc activation of A1, A2, A3 and A4, Paclitaxel and control

Group Number of Size of tumor (mm”) inhibitory ratc | CDS8: CD45 (%)
animal on tumor%
Day 18 Day 18
Immune group, without D121 &
2076.316+£457.8 6.7
- dead umor cells L
Imimune group (Control group) 8 1687.906+341.6 4.2
Immune group+Al 8 261.36+178.3 84.52 20.4
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Imnwune groupt+A2 8 375.7274£247.3 77.74 19.4
Immune group+A3 8 360.393+312.7 78.65 17.3
Immune group+A4 8 324.005+268.4 80.80 16.9
Immune group+A 1+ PDLI 8

71.258=113.9 95.78 23.4
antibody -
Immune group+ Paclilaxel 8 1342.308+379.3.8 20.47 5.7
Immune group+ Paclitaxel 8

1468.39+412.8 13.00 7.2
+PDLI antibody

6) Results and discussion. As shown in table 27, treatment cffects of A1, A2, A3 and A4 on C57 mice
werc greatly improved as compared to the control group and the other treatment groups. Al and
PDL1-antibody show an excellent synergistic effect in promoting immunization and trcatment. They can

nhibit tumor growth via improving immunization,

Example 34: Study on efficacy of A1, A2, A3 and A4 in BALB/C mice model for tumor metastasis

Test purpose: to investigate the anti-tumor efficacy of A1, A2, A3 and A4 in BALB/C mice model for
treatment of tumor metastasis.

Test drug: Al, A2, A3 and A4 injections(same as Example 31 ) and Paclitaxc! injection{purchased
from Youcare Pharmaccutical Group Co., Ltd), diluted to corresponding concentrations by physiological
saline when testing.

Method and results:

1. Animal: BALB/C mice of 6-8 weeks old, all female.

2. Production of tumor model

13 4T1 cells were purchased from American type culture collection (ATCC) and identified according
the specification provided by ATCC. Cells were cultivated in DMEM culture solution containing 10% fetal
bovine serum at 37°C and 5% CO,. The cells were passaged for every three days and cells within the 15th
passage were used.

2) Production of tumor metastasis. 10° T1 cells were subcutaneously injected to the back of the
BALB/C mice. Mice were randomly grouped after the tumor grew to about 1.5 cn1. The subcutaneous tumor
was removed by surgery and drug treatment began. Mice were killed after ancsthesia on day 27. The whole
lung was taken out and put into Bouin’s solution for staining. The number of the tumor metastasized to lung
was counted with anatonmical microscope.

3) Course of trcatment

According to the clinical application of Al, A2, A3 and A4, drugs were intravenously injected (V).
AT, A2, A3 and A4 were administered in a dose of 1/6 MTD, i.e., 12mg/kg, and Paclitaxcl was administered
in a dose of 1/6 MTD, i.e., 4mg/kg. The control group was administered by physiological saline. Drugs were
administered once for every three days for 4 times.

4) Grouping and test results arc shown in Table 28.

Table 28: Effects of A1, A2, A3 and A4, Paclitaxel and controf on inhibition of tumor metastasis in BALB/C
mice
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Group Number of animal Number of metastasized Inhibitory rate on
tumor metastasis

Al Group 10 344 97.9%

A2 Group 10 95 93.9%

A3 Group 10 169 89.1%

A4 Group 10 12£18 91.8%

Paclitaxcl treatment group 10 137£32 6.8%

Control group 10 147.0+46 /

5) Results and discussion. As shown in Table 24, the inhibitory cffect on tumor metastasis of BALB/C
mice was greatly improved after intraperitoneal injection of Al, A2, A3 and A4, as compared with the
Paclitaxel group and the control group, indicating that this kind of drugs exhibits an excellent efficacy on

anti-tumor mctastasis.

Example 35: Study on efficacy of Al injection in multiple tumor models

Test purpose: to investigate the anti-tumor spectrum of Al through multiple tumor models from mice

Test drug: Al injection(same as Example 31), diluted to corresponding concentrations by
physiological saline when testing.

Method and results:

1. Animal: nude mice of 6-8 weeks old, all female.

2. Production of tumer mode]

1) Corresponding tamor cells were purchased from American type culture collection (ATCC) and
identified according the specification provided by ATCC. Cells were cultivated in DMEM culture solution
containing 10% fctal bovine serum at 37°C and 5% CO-. The cells were passaged for every three days and
cells within the 15th passage were used.

2) Production of tumor, 5% 10° corresponding cells were subcutancously injected to the back of the
nude mice. Mice were randomly grouped after the tumor reached at least 100mn1®. Then treatment began
and the day on which the treatment began was day 1.

3) Coursc of treatment. According to the clinical application of Al, Al was administered in a dose of’
176 MTD, 1.v., 17.6 umol/kg. The control group was administered by physiological saline. Animals were
administered once weekly for three weeks.

4} Grouping and tcst results are shown in Table 29,

Tablc 29: Treatment effect of Al in muliiple tumor models

Group Tumor cell inhibitory rate on tumor (D;c;y 26)
Human breast cancer MDA-MB435 | 91.2%
Human ovarian cancer ) SK-OV-3 84.4%
Human colon cancer HT29 1 87.5%
Human chronic leukeimia K562 76.9%
‘Human colon caner “HT1080 95.6%
Huiman pancreatic cancer Panc-1 89.2%
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Human non-small cell lung cancer | A549 95.3%
Human liver cancer Hepg?2 85.4% 1
Human renal cancer OS-RC-2 86.6% i

5) Results and discussion. As shown in Table 29, A1 shows an cxcellent efficacy in multiple tumor

models, demonstrating that the anti-tumor drug has a wide anti-tumor spectrum.

In other examples(A10~A24) of the present disclosure, activation efficiency, inhibitory rate on tumer
and inhibitory rate on metastasis of the present water-soluble Paclitaxcel derivatives for targeted activation
with different amino acid structures were examined using mcthods same as that in example 30,32 and 34.
Results were showed in table 30.

Table 30: activation efficiency, inthibitory rate on tumor and on metastasis of A10- A24

Compound R; | R; | activation inhibitory rate on tumor inhibitory ratc on
No. cfficiency(%) (%)(Day 38) metastasis(%)
AlO Ala  Thr | 70.4 | 69.85 82.5

All Ala  Val | 46.86 50.82 48.95

Al2 Ala ; Asn | 42.24 53.79 89.76

Al3 Thr « Ala | 83.27 67.1 96.14

Al4 Thr | Thr | 41.25 57.64 32.34

AlS Thr | Val { 60.06 50.6 ) 43.23

Al6 Thr | Asn @ 36.52 75.13 62.48

AlT Val | Ala  33.66 64.13 71.28

Al8 Val | Thr | 72.38 76.78 88.11

Al9 Val | Val 4235 60.72 75.13

A20 Val | Asn | 47.85 52.58 78.54

A2l lle @ Ala | 54.56 47.74 70.29

A22 Ile  Thr | 76.89 65.45 77.55

A23 lle | Val | 6325 71.72 50.05

A24 Tle | Asn | 76.44 30.4 78.45

Results and discussion. As shown in Table 30, compounds A10~A24 could be activated and had some
effects on inhibition of tumor growth and on metastasis, indicating the screening of inventors could opimize
the activation and treatment of tumor. It should be understood that the above descriptions of preferred
Examples are not intended to limit the subject invention. After reading the above details, it is apparent
to the skilled artisan that amino acids at position R, and R; of the present drugs or compounds can be
changed or replaced.

In some examples of the invention, other water-soluble Paclitaxel derivatives for targeted activation
in tumor microenvironment were synthesised, of which n is any integer between 1-150, R, is Ala, Thr, Val
or lle; Ry is Ala, Thr, Val or Asn. And they were subjected to activation test as done in Examples 28, study

on efficacy on tumor as done in Examples 32 and 33, study on efficacy of inhibiting metastasis as donc in
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Examplec 34 and study on efficacy on multiple tumors as done in Example 35. Results showed that they had
similar results to A1-A4. As demonstrated by the experiments, when n 1s in the range of 1-300, the
inhibitory rate on tumor is slightly reduced as n increases. The activation activity also slightly decreases and
mass of drugs in the same mole increases, as n increases. However, the metabolic half life of the drug atso
increascs as n increases. Therefore, the entire cfficacy is only slightly decreased and when n is in the range

of 1-150, all compounds could produce similar technical effect to A1-A4.

Example 36: Synthesis of water-soluble and targeting activated Docetaxel Bl

1. Synthesis of di (2-methoxyethoxyacetyl)-L-lysine ethyl ester (I)

2-(2-methoxyethoxy) acetic acid (161mg, 1.2mmol) were dissolved N,N-dimethylformamide (10mL)
and cooled in an ice bath, 2-(7-azabenzotriazol)-N,N,N’,N'-tetramethyluronium hexafluorophosphate
(462mg, 1.2mmol), N,N-diisopropyl ethylamine (313mg, 2.4mmol) and L-lysine ethyl ester dihydrochloride
(100mg, 0.4mmol) were added when stirring. After addition, the resultant mixture was stirred at ambient
temperature overnight. The solvents were removed by evaporation under reduced pressure. The crude

product was purified by reversed phase column to obtain T {128mg, Yield 77.8%).

2. Synthesis of di (2-methoxyethoxyacetyl)-L-lysine (II)

Di (2-methoxyethoxyacetyl)-L-lysine ethyl ester (I) (122mg, 0.3mmol) were dissolved in
tetrahydrofuran (15mL). An aqueous sofution of lithium hydroxide (39mg, 0.9mmol) was dropped into the
resultant mixture after it was cooled to 0°C. The resultant mixture was stitred at ambient temperature for 2
hours and then cooled in an ice bath. Then pH was adjusted by conceatrated hydrochloric acid to 2.
Tetrahydrofuran was removed by evaporation. The resultant product was freeze-dried to produce a crude

product I1 (112mg, Yield 99%), which could be dircctly used in the next step without purification.

3. Synthesis of di (2-methoxycthoxyacetyl)-L-Lys-L-Ala-L-Ala-L-Asn (Trt)-4-amino benzyl alcohol
(1)

Di (2-methoxycthoxyacetyl)-L-lysine (112mg, 0.3mmol) were dissolved in N,N-dimethylformamide
(10mL). 3-(Dicthoxyphosphoryloxy)-1, 2, 3-benzotrizin-4-one (109mg, 0.36mmol), L-Ala-L-Ala-L-Asn
(Trt)-4-amino benzyl alcohol (188mg, 0.3mmol) and N, N-diisopropy! cthylamine (117mg, 0.9mmol) were
dropped into the resultant mixture after it was cooled to 0°C. After dropping, the resultant mixture was
stured at ambient temperature overnight. The solvents were removed by cvaporation under reduced pressure.

The crude product was purificd by reversed phase column to obtain Il (159myg, Yield 54.0%).

4. Synthesis of di (2-methoxyethoxyacetyl)-L-Lys-L-Ala-L-Ala-L-Asn (Trt)-4-aminobenzyl-4-
nitrophenyl carbonate (1V)

D1 (2-methoxyethoxyacetyl)-L-Lys-L-Ala-L-Ala-L-Asn (Trt)-4-amino benzy! alcohol (167mg,
0.17mmol) dissolved in tetrahydrofuran (10mL) was added into a three-neck tlask. 4-nitrophenyl
chloroformate (73mg, 0.36mmol) and pyridine (39mg, 0.50mmol) were dropped into the resultant mixture

after it was cooled to 0°C. The resultant mixture was stirred at ambient temperature overnight. The solvents
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were removed by evaporation under reduced pressure. The crude product was purified by reversed phase

column to obtain IV (153mg, Yicld 78.5%).

5. Synthesis of di (2-mcthoxycthoxyacetyl)-L-Lys-L-Ala-L-Ala-L-Asn-4-aminobenzyl-4- nitrophcny!
carbonate (V)

Di (2-methoxyethoxyacctyl)-L-Lys-L-Ala-L-Ala-L-Asn (Trt)-4-aminobenzyl-4-nitrophenyl carbonate
(IV) (100meg, 6.087mmol) were dissolved in trifluoroacetic acid (1mL). Two drops of water were added and
then pumped by an oil pump immediately to obtain a crude product V (80mg), which could be directly used

in the next step without purification.

6. Synthesis of di (2-methoxyethoxyacetyl)-L-Ala-L-Ala-L-Asn-4-aminobenzyl-Docetaxel (B1)

Di (2-methoxycthoxyacetyl)-L-Lys-L-Ala-L-Ala-L-Asn-4-aminobenzyl-4-nitropheny! carbonate
(1176mg, 1.3mmol) and Docetaxel (1293mg, 1.6mmol) were dissolved by anhydrous
N,N-dimethylformamide (20mL) and cooled to 0°C. DMAP (318mg, 2.6mmol) were added and then stirred
at ambient temperature overnight. The reaction solution was poured into dichloromethanc. The organic
phases were poolcd, washed by water, dried by anhydrous sodium sulphate. The solvents were removed by
rotary evaporation. The crude product was purified by reverse phase column to obtain the target product Bl
(511meg, Yicld 25%). According to the detection result by mass spectrum (MS), the mass-to-charge ratio of

B1 is 1573, which is consistent with its calculated molecular weight, 1573.69.

B2, B3 and B4 werc synthesized by making reference to B1, except that the acetic acids substituted
by alkoxy group used in step 1 have different molecular weights. When synthesizing B2, 3, 6, 9, 12, 15,
18-hexaoxanonadecanoic acid was used to replace 2-(2-methoxyethoxy) acctic acid, in synthesis of B3, 3, 6,
0, 12,15, 18,21, 24, 27, 30, 33, 30-dodecaoxaheptatriacontanoic acid was used to replace
2-(2-mcthoxyethoxy) acetic acid, and in synthesis of B4, polyoxa falty acid was uscd to replace
2-(2-methoxyethoxy) acetic acid. According to mass spectrum (MS) detection results, the mass-to-charge
ratios of B2 and B3 are 1926 and 2454, respectively, which are consistent to their calculated molecular
weights, 1926.11 and 2454.74. According to Matrix-Assisted Laser Desorption/ lonization Time of Flight
Mass Spectrometry (MALDI-TOF-MS), B4’s molccular weight is about 14964, which is consistent with its
calculated molecular weight, 14964.56. as shown in Tablc 31.

Table 31: Character, mass speciruns and fluorescence test results of B1-B4

No. n Character Molecular weight by MS Tluorescence
Bl ] Whitc powder 1573 None

B2 5 White powder 1926 None
B3 11 White powder 2454 None

B4 150 White powder 14964 None

Example 37: Synthesis of B10-B24
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B10-B24 were synthesized by a similar method for Bl, except that the amino acids used for linking
arc different, as shown in Table 32. )

Corresponding R, amino acid and R; amino acid were dissolved in N,N-dimethylformamide,
respectively. The condensating agent, such as 1-ethyl-(3-dimethylaminopropyl) carbodiimide hydrochloride,
was added and reactions were allowed to take place at 0-25°C for 0.5-2 hours. Then Asn was added and
reaction was taken place at 0-25°C for 2-24 hours. The reaction solution was purified to obtain a tripeptide.
The tripeptide was used to replace Ala-Ala-Asn as an intermediate to preparc B10-B24 according to
Example 36. Molecular weights of B10-B24, as detected by mass spectrum, are shown in the following table,
which are consistent to their respective calculated molecular weights.

Table 32: Character and mass spectrum results of B10-B24

No. R, R; Character Molecular weight by MS | Calculated molecular weight
B10 Ala Thr | White powder ) 1604 1603.72
Bl Ala Val White powder | 1602 - 1601.67
B12 Ala Asn | White powder | 1617 1616.64
Bi3 Thr Ala | White powder 160{} 1603.72
B14 Thr Thr | White powder | 1634 1633.74
B1S Thr Val ‘White powder 1632 1631'7,7,,
816 o Thr Asn | White powder 1647 1646.74
B17 Val Ala | White powder 1602 1601.74
B18 Val Thr White powder 1632 1631.77
B19 Val Val While powder | 1630 1629.80
B20 Val Asn | White powder 1645 1644.77
B21 Ile Ala | White powder 1616 1615.77
322 Ie Thr | White powder 1646 1645.80
B23 e Val White powder 1644 1643.83
B24 e Asn | White powder | 1659 1658.80

Example 38: Effect of different groups in the water-soluble Docetaxel for targeted activation in tumor
microenviromment on the formulation of the drug

B1l, B2, B3 and B4 and various controel compounds were dried under vacuum, sterilized via gas
sterilization, and separately packing in a sterile roont. Before animal test, B1, B2, B3 and B4 were dissolved
by solvent 1 (injectable water) or solvent 2 (30% alcohol, 70% injectlable water) and diluted by injectable
water to the desired concentration in sterile room. On the contrary, comparative compeunds (C17, C2°, C3°,
C4°, C5’, and C6’) did not satisfy the formulating requirement, as shown in Table 33. Docetaxe] is insoluble
in water, but its solubility is significantly changed after modification, with increased solubility in water.
Change in solubility may greatly affect the formulation scheme of a drug. As compared to the traditional
Docetaxel which is insoluble in water, B, B2, B3 and B4 can be used to produce a soluble formulation.
Thus, their injection doses and efficacies can be improved and auxiliary materials that cause allergy

generally used for Docelaxel can be avoided. This is a great progress in drug development, and indicates that
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the water-soluble Docetaxel for targeted activation in tumor microenvironment has a promising innovation
and prospect of use.

Table 33: Solutility test of the screened drugs and Eftect of absence of similar components in control
compounds or linkage to Docetaxel at its 7- or 2-position (i.e., linking the group to the OH at 7- or

2-position of Deceiuxely on the solubitity of the drnus

Compounds Solvent | | Solvent 2

CI’: AAN -group 2-Docetaxel (linking at 2-position) insoluble | insoluble
C27: group 1-AANL -Docetaxel (linking at 2-position) ’ insoluble | insoluble

C3’: AAN -Docctaxel (linking at 2-position) v _ insoluble | insoluble.

C4’: group 1- AAN -group 2-Docetaxel (linking at 7-position) insoluble | insoluble

C5”: group 1- AANL -group 2-Docetaxel (linking at 2-position) | insoluble |soluble
- C6’: group 1- AANK -group 2-Docetaxel (linking at 2-position) insoluble | insoluble

Bi - insoluble | soluble

B2 soluble soluble

B3 soluble soluble

B4 soluble soluble

g
(8]
N

group I:

Group 1 and group 2 mentioned below are identical to the above group | and 2, respectively.

In Table 33, AAN, AANL and AANK indicate the linkage formed by a small peptide in the
compounds, A is Ala, N is Asn, L. is Leu and K is Lys.

The water-soluble Docetaxel derivatives for targeted activation in tumor microenvironment of the
present disclosure were based on a great amount of synthetic cxperiments. In these experiments, we
designed a lot of complicated compounds having different linking manncrs. Then the complicated
compounds were linked to position 2 or 7 of Docetaxcl, that is, they were linked to Docctaxel via the OH at
position 2 or position 7. The resultant Docctaxcl derivatives were screened through activation cfficiency in
the presence of tumor tissuc or aspartate endopeptidase. The screened derivatives were further screened
through inhibition of tumor for R., R; and n. The activated site that is specific to the tumor tissuc locates
between AAN and group 2. After cleaving by activation, group 2 can be freely released, thereby releasing
Docetaxcl. Because the active center of asparagine endopeptidase locates at the bottom of its globular
depression and the cleavage site should be close to the active center, it is very important if there is a steric
hindrance to the cleavage site produced by the complicated compound.

According to the screening results, it is presumed that linking of group 2 may effectively avoid steric
hindrance produced by directly linking Docetaxel, which thereby not affecting approach of asparagine
endopeptidase. And, the structure-e(ficacy ol group 1 may increase the polarity of the cleavage site, which
allows the more water-soluble protease to be casily to approach the cleavage site and thereby to increase the

cleaving cfficiency. Linking to position 2 of Docetaxel could obviously reduce steric hindrance produced by
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Docetaxel to protease, expose imore groups, cach of which as a whole is hydrophilic, and increase cleaving

efficiency and water solubility.

Example 39: Methods for determinining the contents of B1, B2, B3 and B4 and their content ranges
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As detected by analytic HPLC (Agilent 1220 serics, C8 column 5 pm, 4.6 mm 1D %250 mm; the
mobile phase i3 0-95% acctonitrile (ACN) ), the purities of B1, B2, 33 and B4 arc all in the range of

95-9%%.

Example 40: Various effects of different groups in present water-soluble Docetaxel derivatives for

targeted activation in tumor microenvironment on the activation of Paclitaxel drugs in tumor tissue,

The mutual structure-cfficacy of Docetaxcl with the groups linked determined the targeting and

activation cffects in tissues. At 37°C, sample compounds were added into 100pg acidized tumor tissue

homogenates in a concentration of Img/ml. The enzymec in tumor tissue homogenates could release

Docetaxel. Reduction of compounds and increase of Docctaxcl were detected by HPLC, thereby comparing

the activation efficiency of the drugs by the tumor tissue.

Table 34: Activation ratio (*) of BL, BZ. B3 and B4 in homogcnates from different tumor tissues

Different tumor tissues | Cells producing | B1 activation | B2 activation B3 activation B4 activation
tumor efficiency(%) | cfticiency(%) efficiency(%) efficiency(%)

Human fibrosarcoma HT-1080 79.1 79.9 71.6 78.6
Human breast cancer MDA-MB435 93.5 90.3 95.1 89.9
Human ovarian cancer | SK-QV-3 93.1 90.2 84.3 67.6
Human colon cancer HT-29 83.9 94.6 96.4 95.3
Human chronic K362

69.0 77.7 74.6 78.6
leukeniia
Human pancreatic Panc-1

86.9 90.6 90.4 89.8
cancer
Human non-small cell AS549

91.2 94.1 86.0 37.8
lung cancer
Human prostate cancer | PC-3 76.1 86.7 83.9 83.0
Human liver cancer Hepg?2 76.3 89.2 88.1 78.4
Human renal cancer 0S-RC-2 90.9 90.5 91.1 88.4
Human heart / 12.2 8.3 2.5 L 4.4

Table 35: Effect of changes of similar components in control compounds or linkage to Docetaxel at its 7-

or 2-position on activation ¢ificivney of the drugs v MDA-MB231 tumor tissue

Compounds

activation cfficicncy(%)

C1’: AAN -group 2- Docetaxel (linking at 2-position)

17.5

C3%: AAN - Doccetaxel (linking at 2-position)

46.6
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>C4': group 1- AAN -group 2- Docetaxel (hinking at 7-position) 16.3
C5’: group 1- AANL -group 2- Docetaxel (linking at 2-position) 67.4
C6': group 1- AANK -group 2- Docetaxel (linking at 2-position) 56.6
Bl 93.4
B2 91.6
B3 90.6
B4 88.5
O
. , 1y
O Fe T
o g I

In table 35, groupl: O group 2: H,N 2

As table 35 shows, activation efficicncy of linkage to Docetaxel at its 2-position is far higher than that at
7-position.

According to the results, different groups in the present Docetaxel for targeted activation in tumor
microenvironment have various effects on the activation of Docetaxel drugs in tunior tissuc. The mutual
structure-ctficacy of Docetaxel with the groups linked determined the targeting and activation effects in
tissucs. Activation of BI, B2, B3 and B4 in different tumor types(10 kinds) proved their broad treatment
spectru (Table 36). Meanwhile, certain compounds produced in the screening were compared, and the
activation efficency in the same human breast cancer MDA-MB435 tissue was examined. It was proved that

the respective group selection in B1, B2, B3 and B4 had relatively higher activation efficency(Tablc 36).

Example 41: Detection of maximumn tolerated dose (MTD) by intravenous injection of the drugs.

Test purposc: to investigate the acute toxicity of the present new formulations via detecting MTD by
intravenous injection.

Test drugs: B1, B2, B3 and B4 injections, diluted to corresponding concentrations by physiological
saline when testing.

Animal: the first class BALB/C mice, weighing 19-21 g and all mice being female.

Method and results: 210 BALB/C mice were randomly divided into 21 groups according to their body
weights, with 10 mice in each group. As shown in Table 37, the mice were intravenously injected with B1,
B2, B3 aud B4 for just one time in a dose of 0 mg/kg, 125 mg/ke, 150 mg/ikg, 175mg/kg, and 200mg/kg.
Control tests were performed by injecting 0.2ml physiological saline or Docetaxel. Animals were observed
for 17 continuous days for presence or absence of the following behaviors on cach day: pilo-crection. hair
tousle and lackluster, lethargy, stoop and irritable reaction, and body weight and death were recorded. Blood
samples were taken on the 3, 5 and 14 days for counting the whole blood cells. Animals were anatomized on
day 14 (o take the heart, liver, kidney, lung, spleen, and pancreas for HE staining.

Table 37: Comparison of mortality rates of test mice recetving different doses of B1, B2, B3 and B4

injections, plrysiclogical saline or Docetaxel tijection

‘ : o e —
i Group Dose (mg/kg) % Number of animal © Number of dead animal © Mortality rate (%) ;
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1 physiological saline | Omg/kg 10 ’ 0 0
2 Bl 125mgke 10 0 0
3 Bl 150mg/kg 10 0 0
4 B1 175mg/kg 10 0 0
5 B1 200mg/kg 10 2 20
6 B2 125mg/rkg 10 0 0
7 B2 150mg/kg 10 0 0
3 B2 175mg/kg 10 0 0
9 B2 200mg/kg 10 2 20
10 B3 125mg/kg 10 0 0
11 B3 150mg/kg 10 0 0
12 1 B3 175mg/kg 10 0 0
13 B3 200meg/kg 10 3 3
14 B4 | 125mg/kg 10 0 0
15 B4 | 150mg/kg 10 0 0
16 B4 175mg/kg 10 0 ’ 0
17 B4 200mg/kg 10 | 10
18 Docetaxel 25mg/kg 10 0 0
’ 19 Docctaxel 30mg/kg 10 3 30%
20 Docelaxel 35mp/kg 10 6 60%
21 Docetaxel 40mg/kg 10 10 100%

Results and discussions: no pilo-crection, hair tousle and lackluster, lcthargy, stoop, irritable reaction
and death were observed in mice receiving 175 mg/kg B, B2, B3 and B4 injections. As shown in Table 37,
the MTD of the B1 and B2 injections were about 150mg/kg, which is far beyond the MTD of Docetaxel,
25mg/kg. The MTD for intravenous administration ot a test drug is an important reference index for drug
toxicity. The results indicate that the toxicity of the Docetaxel released by targeted activation is significantly

reduced as compared with Docetaxel.

Example 42: Study on cfficacy of the present B, B2, B3 and B4 injections in nude mice

Test purpose: to investigate the anti-tumor efficacy of B1. B2, B3 and B4 in mice model for tumor
treatment.

Test drug: B1, B2, B3 and B4 injections and Docetaxcel injection, diluted to corresponding
concentrations by physiological salinc when testing.

Method and results:

1. Animal: nude mice of 6-8 weeks old, all female.

2. Production of tumor model

1) Human prostate cancer PC-3 cclls were purchased from American type culture collection (ATCC)

and identified according the specification provided by ATCC. Cells were cultivated in DMEM culture
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solution containing 10% fetal bovine serum at 37°C and 5% CO,. The cclls were passaged for every three
days and cells within the 15th passage were used.

2) Production of tumor. 5x 10° Panc-1 cells were subcutancously injected to the back of the nude mice.
Mice were randomly grouped after the tumor reached at least 100mm’. Then treatment began and the day on
which the treatment began was day 1.

3) Course of treatment ‘

According to the clinical application of B1, B2, B3 and B4, drugs werc intravenously injected (IV).
Bl1, B2, B3 and B4 were administered in a dose of less than 1/6 MTD, i.e., 25Smg/kg, and Docetaxe! was
administered in a dose of 1/3 MTD, i.e., 8.3mg/kg. The control grouwp was administered by physiological
saline. Drugs were administered once weekly for four weeks.

4) Grouping and test results are shown in Table 38.

Table 38: Effect of B, B2, B3 and 134, Docctaxcl and control group on tumor treatment in nude mice

Group Number of | Size of tumor (mm®) inhibitory rate on tumor

animal Day 10 Day 24 Day 10 Day 24
B1 group 1o 92.4£59.66 128.45£105.56 | 67.8 663
B2 group 10 (7.35£53.67 136.45£57.45 76.5 64.2
B3 group 10 89.45+78.67 178.45£79.45 68.8 53.1
B4 group 10 68.88+35.56 215.67103.45 76.0 434
Docetaxel 10 ]

254.75£146.55 263.65+184.67 11.] 30.7

freatment group
Control group 10 286.64+214.45 684.25+324.45 / /

5) Results and discussions: As shown in Table 38, inhibition on tumor growth by B1, B2, B3 and B4
were greatly improved as compared with the groups treating by Docetaxel using the same molar

concentration and the control group.

Example 43: Study on cilicacy of BI, B2, B3 and B4 in D121 tumor immune model

Test purpose: to investigate the anti-tumor cfficacy of B1, B2, B3 and B4 in a D121 lung caner modcl
for immunc treatment.

Test drugs: B1, B2, B3, B4, and Docetaxel were administered in a dose of 13.2 pmol/kg, and the dosc
of PDL1-antibody was Sug/kg.

Animal: C57 mice of 6-8 weeks old, all female.

Production of tumor model:

1) D121 lung tumor cells were purchased from ATCC. Cells were cultivated in DMEM culture
solution containing 10% fetal bovine serum at 37°C and 5% CO,. The cells were passaged for every three
days and cells within the 15th passage were used.

2) Tumor immunization. 5x10° D121 lung cancer cells (purchased from ATCC) which were killed by

ircadiation were intraperitoneally injected to mice. The mice were injected for 3 times, once every two
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weeks. After immunization, mice were injected with tumor cells and the drugs were administered weekly for
4 wecks.

3) Production of tumor. At day 32, 10%five lung tumor cells were subcutaneously injected to the back
of the C57 mice immunized by timor. Treatment began when the tumor grew to 0.3-0.4cm.

4) Analysis on tumor CD8+ T cells. The tumor tissue was homogenated and individual cells in the
tumor were filtered, separated and washed by buffer twice, then cultivated with the leucocyte conunon
antigen CD45-PE and T-lymphocyte antigen CD8-FITC marked antibodies for 1 hour at ambient
temperature. The cells were washed by phosphate buffer containing 1% fetal bovine serum twice and then
analyzed for the ratio of the T lymphocyte antigen (CD8) positive cells in the leucocyte common antigen
(CD45) positive cells by flow cytometry. Increasement of the ratio indicates increased T lymphocyte cells
and thus the animal immunity against the tumor was improved.

5) Grouping and test results are shown in Table 39.

Table 39: Effect on inhibition of tumor and immuue activation of B1, B2, B3 and B4, Docetaxel and control

Group Number of | Size of tumor (mm’) | inhibitory CDB8: CD45 (%)
animal 7 rate on
tumor%
Day 18 Day 18
Imimune group, without 8 /
1937.45+368.45 4.6
‘D121 dead tumor cells
Immune group (Control 8
1620.394389.23 13.4
group) ,
Immune group+B]1 8 271.36£157.56 83.25 18.9
Immune group+B2 8 375.727£301.67 76.81 17.4
Immune group+B3 8 350.393+124.65 78.37 ) 17.8
Immune group+B4 8 324.005+155.56 80.00 16.6 B
immune group+B1+ PDL! 8
_ 71.28+35.59 95.60 23.6
antibody T T
Immune group+ Docetaxel 8 1242.304+359.48 2333 5.4
Immune group+ Docetaxel 8
1068.39£451.16 34.06 7.1

_ #PDL1 antibody

6) Results and discussion. As shown in table 39, treatment effects of B1, B2, B3 and B4 on C57 mice
werc greatly improved as compared to the control group and the other treatment groups. B1 and
PDL | -antibody show an excellent synergistic effect in promoting immunization and treatment. They can

inhibit tumor growth via improving immunization.

Examplc 44: Study on cfficacy of B1, B2, B3 and B4 in BALB/C mice model for tumor metastasis
Test purpose: to investigate the anti-tumor efficacy of B1, B2, B3 and B4 in BALB/C mice model for
treatment of tumor metastasis.

Test drug: B, B2, B3 and B4 injections and Docetaxel injection, diluted to corresponding
i1
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conccentrations by physiological salinc when testing.

Method and results:

1. Animal: BALB/C micc of 6-8 wecks old, all female.

2. Production of tumor modecl

1) 471 cells were purchased from American type culture collection (ATCC) and identified according
the specification provided by ATCC. Cells were cultivated in DMEM culture solution containing 10% fetal
bovine scrum at 37°C and 5% CQO,. The cells were passaged for cvery three days and cells within the 15th
passagc werc used.

2) Production of tumor metastasis. 10° T1 cells were subcutaneously injected to the back of the
BALB/C mice. Mice were randomly grouped after the tumor grew to about 1.5 em. The subcutaneous tumor
was removed by surgery and drug treatment began. Mice were killed after anesthesia on day 27. The whole
lung was taken out and put into Bouin’s solution for staining. The number of the tumor metastasized to lung
was counted with anatomical microscope.

3) Course of treatinent

According to the clinical application of B1, B2, B3 and B4, drugs were intravenously ijected (IV).
B1, B2, B3 and B4 were administered in a dose of 1/6 MTD, i.e., 17.6 pmol/kg, and Docetaxel was
administcred in a dose of 1/6 MTD, i.e., 3 pmol /kg. The control group was administered by physiological
saline. Drugs were administered once for every three days for 4 times.

4) Grouping and test results are shown in Table 40.

Table 40: Effects of B1, B2, B3 and B4, Docetaxel and control on inhibition of tumor metastasis in
nude BALB/C mice

Group Number of animal Number of mctastasized Inhibitory ratc on
B tumor mctastasis

B1 Group 10 513 96.0
B2 Group 10 1187 91.3

B3 Group 10 - 17+11 86.5
B4 Group 10 18£16 85.7
Docetaxel treatment 10 85+17 125
group }

Control group 10 126:1:37 /

5) Results and discussion. As shown in Table 40, the inhibitory ctfect on tumor meltastasis of BALB/C
mice was greatly improved after intraperitoneal injection of Bi, B2, B3 and B4, as comparcd with the
Docetaxel group and the control group, indicating that this kind of drugs exhibits an excellent efficacy on

anti-tumor metastasis.

Example 45: Study on ¢fficacy of Bl injection in multiple turmor models
Test purpose: to investigate the anti-tumor spectrum of B through multiple tumor models trom mice
Test drug: Bl injection, diluted to corresponding concentrations by physiological saline when testing.

Method and results:
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1. Animal: nude mice of 6-8 weeks old, all female.

2. Production of tumor mode!

1) Corresponding tumor cells were purchased from American type culture collection (ATCC) and
identificd according the specification provided by ATCC. Cells were cultivated in DMEM culture solution
containing 10% fetal bovine serum at 37°C and 5% CO,. The cells were passaged for every three days and
cells within the 15th passage were used.

2) Production of tumor. 5x10° corresponding cells were subcutaneously injected to the back of the
nude mice. Mice were randomly grouped after the tumor reached at least 100mmr’. Then treatment began
and the day on which the treatment began was day 1.

3) Course of treatiment. According to the clinical application of B1, Bl was administered in a dose of
1/6 MTD, i.v., 17.6 pmol/kg. The control group was administered by physiological salinc. Animals were
administered once weekly for three weeks.

4) Grouping and test results are shown in Table 41.

Table 41: Treatment cffect of B1 in nushiple tumor models

Group Tumor cell inthibitory rate on tumor (Day 26)
Human breast cancer MDA-MB435 78.84%
Human ovarian cancer | SK-OV-3 74.67%
Human colon cancer TT-29 74.56%
Human chronic leukemia K562 72.56%
Human colon caner HT1080 84.46%
Human pancreatic cancer . Panc-1 73.56%
Human non-small cell lung cancer | A549 74.56%
Human liver cancer Hepg2 81.56%
Human renal cancer OS-RC-2 86.67%

5) Results and discussion. As shown in Table 41, B1 shows an excellent efficacy in multiple tumor

models, demonstrating that the anti-tumor drug has a wide anti-tumor spectrum.

In other cxamples of the present disclosure, activation efficiency, inhibitory rate on tumor and
inhibitory rate on metastasis of the present water-soluble Docetaxel derivatives(B10~B24) for targeted
activation with different amino acid structures were examined using methods same as that in example 40,42
and 44. Results were showed in table 42.

Table 42: activation efticiency, inhibitary rate on tumor and on metastasis of B10- B24

Compound R, ' Ry n ¢ activation mhibitory rate on tumor inhibitory rate on
| No. L elbciency(%) (%)(Day 38) melasta;is(%) )
B0 ‘ Ala Thr | 5 66.18 65.66 - T
Bl ~ {Alaval |5 44.05 47.77 46.01

B12 Ala | Asn | 3 39.71 50.56 84.37

B13 Thri Ala |5 78.27 63.07 90.37

Bi4 Thr| Thr | 5 38.78 54.18 30.40
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B1S Thr | Val {5 56.46 47.56 40.64
Bl16 Thr{ Asn | 5 34.33 70.62 58.73
Bl 7 Val | Ala | S 31.64 60.28 67.00
B18 Val { Thr | 5 68.04 72.17 82.82
BI19 Val | Val | S 39.81 57.08 70.62
”}3‘20 Val | Asn | 5 44.98 4943 73.83
B21 lie | Ala |5 51.29 ’ 44.88 66.07
B22 le | Thr |5 72.28 61.52 72.90
B23 - lle | Val |5 59.46 67.42 47.05
B24 He | Asn | S 50.67 49.09 56.04

Results and discussion. As shown in Table 42, compounds B10~B24 could be activated and had some
effects on inhibition of tumor growth and on metastasis, indicating the screening of inventors could optimize
the activation and treatment of tumor. It should be understood that the above descriptions of preferred
Examples are not intended to limit the subject invention. After reading the above details, it is apparent
to the skilled artisan that amino acids at position R, and R, of the present drugs or compounds can be
changed or replaced.

In some examples of the invention, other water-soluble Docetaxel derivatives for targeted activation
in tumor microenvironment were synthesised, of which n is any integer between 1-150, R; is Ala, Thr, Val
or lle; Ry is Ala, Thr, Val or Asn. And they were subjected to formulation test as done in Examples 38,
MTD test as done in Example 41, study on efficacy on tumor as done in Examples 42 and 43, study on
efficacy of inhibiting metastasis as done in Example 44 and study on efficacy on multiple tumors as donc in
Example 45. Similar results to B1-B4 were obtained. As demonstrated by the experiments, when n is in the
range of 1-150, the inhibitory rate on tumor is slightly reduced as n increases. The activation activity also
slightly decreases and mass of drugs in the same mole increases, as n increases, However, the metabolic half
life of the drug also increases as n increases. Therefore, the entire efficacy is only slightly decreased and

when n is in the range of 1-150, all compounds could produce similar technical cffect to B1-B4.

Example 46: Synthesis of Docetaxel devivatives for targeted activation in tumor microenvironment

Step 1: Synthesis of Cbz-L-Ala-L-Ala-OMe (Carboxybenzyl-L-Ala-L-Ala-methyl cster) (I)

N- Carboxybenzyl -L-Ala (N-Cbz-L-Ala) (100g, 0.45mol) was dissolved in N,N-dimethylformamide
(3L). 1-hydroxylbenzotriazole (72.6g, 0.54mol) and I-cthyl-(3-dimethylaminopropyl) carbodiimide
hydrochloride (103.3g, 0.54mol) were added when stirring. After rection for 1 hour, The mixture was cooled
to 0°C and L-Ala methyl ester (46.2g, 0.45mol) and N,N-diisopropyl ethylamine (173.8g, 1.34mol) in
N,N-dimethylformamide (1L) were added when stirring and then the resultant mixture was stirred at
ambient temperature for 10 hours. The solvents were removed by evaporation under reduced pressure. The
crude product was dissolved in dichloromethane (2L), washcd subscquently by saturated ammonium
chloride solution, water and saturated sodium chloride solution. The organic phase was dried by anhydrous
sodium sulphate. After removing the solvents by evaporation under reduced pressure, the crude product was
recrystallized to obtain a white solid 1 (101g, Yield 73.1%).
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Step 2: Synthesis of Cbz -L-Ala-L-Ala-OH (1)

Cbz -L-Ala-L-Ala-OMe (100g, 0.34mol) prepared in step 1) was dissolved in a mixed solution of
tetrahydrofuran (2L) and water (1L). After cooling to 0°C, 1M lithium hydroxide solution (400mL) were
added. The resultant mixture was stirred for reaction for 10 hours. Concentrated hydrochloric acid was
dropped to adjust the pH to be less than 6 and tetrahydrofuran were removed by rotary evaporation. The
residual water phase was extracted by dichloromethane (1L.x3). The organic phase was dried by anhydrous
sodium sulphate. A white solid 1I was obtained after vaporizing and drying under reduced pressure (88g;

Yield, 92.2%).

Step 3: Synthesis of Fmoc-L-Asn (Trt)-L-4-amino benzyl alcohol (I11)

Fmoc-L-Asn (Trt)-OH (fluorenylmethoxycarbonyl-triphenylmethyl-L-Asn) (20g, 0.03mol),
2-(7-azabenzotriazol)-N,N,N’,N'-tctramethyluronium hexafluorophosphate (HATU) (15g, 0.04mol) and
DMF (200mL) were added into a three-neck flask and stirred for 30 minutes. After cooling to 0°C, a
solution of 4-amino benzyl alcohol (4.1g, 0.03mol) in DMT (SmL), and N,N-diisopropyl ethylamine (8.7g,
0.06mi0l) were separately added. The resultant mixture was stirred at ambient temperature for 3 hours. Then
Most of DMF were removed by rotary evaporation. The residue was dissolved in ethyl acetate (200mL),
washcd subscquently by saturated ammonium chloride solution and saturated sodium chloride solution and
dricd by anhydrous sodium sulphate. After filtration, the solvent was removed by evaporation. The resultant

/

crude product was pulping to obtain a white solid 11T (21.3g, Yield 90%).

Step 4: Synthesis of L-Asn (Trt)-L-4-amino benzy! alcohol (IV)

Fmoc-L-Asn (Trt)-L-4-amino benzyl alcohol (13.0g, 18mmol) prepared in step 3) was dissolved in
N,N-dimethylformamide (80mLY). Piperidine (30mL) was added and then stirred at ambient temperature for
2 hours. The solvents were removed by evaporation under reduced pressure. And the resultant product was
dried under high vacuum within a vacuum drying oven to remove a small quantity of piperidine. A pale

vellow solid IV was obtained, which could be use in the next step without purification.

Step 3: Synthesis of Cbz-L-Ala-L-Ala-L-Asn (Trt)-4-amino benzyl alcohol (V)

Cbz-L-Ala-L-Ala-OH (6.0g, 20.4mmol) prepared in step 2) , benzotriazol-N,N,N'\N'
-tetramethyluronium hexatluorophosphate (HHBTU, 11.6g, 30.6mmol) and DMF (50ml.) were added into a
three-neck flask and stirred for 30 minutes in an ice bath. A solution of L-Asn (Trt)-4-amino benzyl alcohol
in DMF (50mL), and N,N-diisopropylethylamine (7.89g, 61.2mimol) were added separately under 0°C. The
resultant mixture was stirred overnight at ambient temperature. The solvents were removed by evaporation
under reduced pressure. The residue was dissolved in acety! acetate (200mL), washed subsequently by
saturated ammonium chloride solution and saturated sodium chloride solution and dried by anhydrous
sodium sulphate. After filtration, the solvent was removed by evaporation. The resultant crude product was

recrystallized to obtain a white solid V (15g, Yicld 97%).
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Step 6: Synthesis of L-Ala-L-Ala-L-Asn (Trt}-4-amino benzyl alcohol (V)

Cbz-L-Ala-L-Ala-L-Asn(Trt)--4-amino benzyl alcohol (5.0g, 6.61mmol) prepared in step 5)-werc
dissolved in THF(150mL). 10% Pd/C (1g) was added. After introducing hydrogen gas, the resullant mixture
was stirred for reaction under normal temperature and normal pressure for 5 hours. Pd/C was removed by
filtration and washed by methanol. The filtrates and the washing solutions were pooled. Most solvents were
removed by rotary evaporation to obtain a crude product. After column chromatography, a white solid VI

was obtained (2.0g, Yield 49%).

Step 7: Synthesis of 2-(2-methoxyethoxy) acetyl-L-Ala-L-Ala-L-Asn (Trt)-4-amino benzyl alcohol
(VI

2-(2-methoxyethoxy) acetic acid (432mg, 3.22mmol) were dissolved in N,N-dimethylformamide
(20imL). Benzotriazol-N,N,N',N'-tctramethyluroniumn hexafluorophosphate (1.83g, 4.83mmol) were added
and stirred for 30 minutes. Then L-Ala-L-Ala-L-Asn (Trt)-4-amino benzyl alcohol (2.0g, 3.22mmol)
prepared in step 6) and N,N-diisopropylcthylamine (1.24g, 9.61mmol) in N,N-dimethylformamide (20mL)
were dropped into the resultant mixture. After dropping, the temperature was slowly raiscd to ambient
temperature and then the mixture was stirred for 10 hours. Most of DMF were removed by cvaporation
under reduced pressure. The residue was dissolved in acety! acetate (200mL), washed subscquently by
saturated ammonium chloride solution and saturated sodium chloride solution and dricd by anhydrous
sodium sulphate. After filtration, the solvent was removed by rotary evaporation. The resultant crude

product was purificd by silla gel column chromatography to obtain a white solid VII (1.2g, Yield 50%).

Step 8: Synthesis of 2-(2-methoxyethoxy) acetyl-L-Ala-L-Ala-L-Asn -4-amino benzyl alcohol (VI

2-(2-methoxyecthoxy) acctyl-L-Ala-L-Ala-L-Asn (Trt)-4-amino benzyl alcohol (1.0g, 1.36mmol)
preparced in step 7) were dissolved in dichloromethane (10mL). Trifluoroacetic acid (2mL) were added and
then the resultant mixture was stired at ambient temperature for 5 hours. The reaction solution was washed
by water and scprated. The organic phase was dried by anhydrous sodium sulphate and the solvents were
removed by cvaporation under reduced pressure. The residual trifluoroacetic acid was removed by
evaporation under high vacuum. The resultant crude product was purified by column chromatography to

obtain X (600mg, Yield 89%).

Step 9: Synthesis of 2-(2-methoxycthoxy) acetyl-L-Ala-L-Ala-L-Asn-4-aminobenzyl-4- nitrophenyl
carbonate (IX)

A solution of 2-(2-methoxycthoxy) acctyl-L-Ala-L-Ala-L-Asn -4-amino benzyl alcohol (500mg,
1.01mmol) in dichloromethane (10mL) was added into a three-neck flask. P-nitropheny! chloroformate
(406mg, 2.02mmol) and pyridinc (160mg, 2.03mmol) in a dichloromethane solution were subsequently
dropped into the mixture in an icc bath under protection by nitrogen gas. After dropping. the resultant
mixture was stirred at ambient temperature overnight. The reaction solution was washed by water and

separated. The organic phase was dried by anhydrous sodium sulphate and the solvents were removed by
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rotary evaporation. The resultant crude product was purified by column chromatography to obtain 1X

(450mg, Yield 67%).

Step 10: Synthesis of 2-(2-methoxyethoxy) acetyl-L-Ala-L-Ala-L-Asn-4-amino benzy! -Docetaxel
(o))

2-(2-methoxycthoxy) acetyl-L-Ala-L-Ala-L-Asn-4-aminobenzyl-4-nitrophenyl carbonate (880mg,
1.3mmol) prepared in step 9) and Docetaxel (1.3g, 1.6mmol) were dissolved by anhydrous
N, N-dimethylformamide (20mL) and cooled to 0°C. DMAP (326mg, 2.6mmol) were added and then stirred
at ambient temperature overnight. The reaction solution was poured into dichloromethane. The organic
phases were pooled, washed by water, dried by anhydrous sodium sulphate. The solvents were removed by
rotary evaporation to obtain a crude product. The crude product was purified by column chromatography to
obtain the target product D1 (340mg, Yield 49.2%).

D2, D3 and D4 were synthesized by making reference to D1, except that the acetic acids substituted
by alkoxy group used in step 7 have difterent molecular weights. When synthesizing D2, 3, 6, 9, 12, 15,
18-hexaoxanonadecanoic acid was used to replace 2-(2-methoxyethoxy) acetic acid, in synthesis of D3, 3, 6,
9,12, 15, 18,21, 24, 27, 30, 33, 36-dodecaoxaheptatriacontanoic acid was used to replace
2-(2-methoxyethoxy) acetic acid, and in synthesis of D4, polyoxa fatty acid was used to replace
2-(2-methoxyethoxy) acetic acid. According 1o mass spectrum (MS) detection results, the mass-to-charge
ratios of D1, D2 and D3 are 1329, 1505, and 1770, respectively, which arc consistent to their calculated
molecular weights, 1329.40, 1505.61, and 1769.93. According to Matrix-Assisted Laser Desorption/
Tonization Time of Flight Mass Spectrometry (MALDI-TOF-MS), D4’s molecular weight is about 14497,

which is consistent with its calculated molecular weight, 14497.31, as shown in Table 43.

Tabic 43: Character, mass specirum and fluorescence test results of C1-C4

{ No. | n Character Molecular weight by mass spectrum | fluareseence | Output(milligram) | Yield )
; _____ DI 1] White powder | 1329 None 340 49.2%
,DZ 5 White powder | 15035 o None 157 49%
White powder | 1770 v None 365 46%

| White powder | 14497 None 345 28% |

Example 47: Effect of different groups in the Docetaxel for targeted activation in tumor
microenvironment on the formulation of the drug

Different groups in the Docetaxcl for targeted activation in tumor microcnvironment show great effect
on the formulation of the drug. D1, D2, D3, D4 and various control compounds were dried under vacuum,
sterilized via gas sterilization, and separately packing in a sterile room. Before animal test, D1, D2, D3 and
D4 were dissolved by solvent | (injectable water) or solvent 2 (45% alcohol, 55% injectable water) and
dituted by injectable water to the desired concentration in sterile room. On the contrary, comparative
compounds (C1°, C2’, C3°, C4’, C5’, and C6) did not satisfy the formulating requirement, as shown in
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Table 44. Docetaxel is insoluble in water, but its solubility is significantly changed after modification, with
increased solubility in water. Change in solubility may greatly affect the formulation scheme of a drug. As
compared to the traditional Docetaxel which is insoluble in water, D1, D2, D3 and D4 can be used to
produce a soluble formulation. Thus, their injection doses and efficacies can be improved and auxiliary
materials that cause allergy generally used for Docetaxel can be avoided. This is a great progress in drug
development, and indicates that the Docetaxel for targeted activation in tumor microenvironment has a
promising innovation and prospect of use.

Table 44: Effect of absence of similar components in control compounds or linkage to Docetaxel at its
7- or 2-position (i.e., linking the group to the OH at 7- or 2-position of Docctaxcl) on the solubility of the

drug

Compound ) Solvent 1 | Solvent 2
_CI': AAN -group 2-Docetaxel (linking at 2-position) inscluble | insoluble
C2’: group 1- AANL -Docetaxel (linking at 2-position) insoluble | insoluble
C3’: AAN -Docetaxel (linking at 2-position) insoluble | insoluble
C4’: group 1- AAN -group 2-Docetaxel (linking at 7-position) insoluble | insoluble
C5’: group 1- AANL -group 2-Docetaxel (linking at 2-position) insoluble | soluble
C6’: group 1- AANK -group 2-Docetaxel (linking at 2-position) insoluble | insoluble
D1 B ) insoluble | soluble
D2 i insoluble | soluble
D3 soluble soluble
D4 o soluble soluble

O~ o/\ff Jx/ﬂ o
& Py |

group 1: ; group 2:

Group 1 and group 2 mentioned below are identical to the above group 1 and 2, respectively.

In Table 44, AAN, AANL and AANK indicate the linkage formed by a small peptide in the
compounds, A is Ala, N is Asn, L is Leu and K is Lys.

Group 1 in the Docetaxel for targeted activation in tumor microenvironment is significantly important
for the activation and efficacy of the entire drug. When group 1 is absent, the solubility and activation
efficiency are greatly affected.

Group 2 in the Docetaxel for targeted activation in tumor microenvironment is significantly important
for the activation and efficacy of the entire drug. When group 2 is absent, the activation cfficiency and the
blockage of toxicity are greatly alfected.

The Docetaxel derivatives for targeted activation in tumor microenvironment of the present disclosure
were based on a great amount of synthetic experiments. In these experiments, we designed a lot of
complicated compounds having different linking manners. Then the complicated compounds were linked to

position 2 or 7 of Docetaxel, that is, they were linked to Docetaxel via the OH at position 2 or position 7.
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The resultant Docetaxel derivatives were screened through activation efficiency in the presence of tumor
tissue or aspartate endopeptidasc. The screened derivatives were further screened through inhibition of
tumor for Ry, R; and n. The activated site that is specific to the tumor tissue locates between AAN and group
2. After cleaving by activation, group 2 can be freely released, thereby releasing Docetaxel. Because the
active center of asparagine endopeptidase locates at the bottom of its globular depression and the cleavage
sitc should be close to the active center, it is very important if there is a steric hindrance to the cleavage site
produced by the complicated compound.

According to the serecning results, it is presumed that linking of group 2 may effectively avoid steric
hindrance produced by directly linking Docetaxel, which thereby not affecting approach of asparagine
endopeptidase. And, the structure-cfficacy of group 1 may increase the polarity of the cleavage site, which
allows the more water-soluble protease to be easily to approach the cleavage site and thereby to increase the
cleaving efficiency. Linking to position 2 of Docetaxel could obviously reduce steric hindrance produced by
Docetaxel to protcase, expose more groups, cach of which as a whole is hydrophilic, and increase cleaving

efficiency and water solubility.

Example 48: Methods for determinining the contents of D1, D2, D3 and D4 in respective products
and their content ranges

As detected by analytic HPLC (Agilent 1220 series, C8 column 5 pm, 4.6 mm [D*250 mm; the
mobile phase is 0-95% acetonitrile (ACN) ), the purities of D1, D2, D3 and D4 are all in the range of
95-99%.

Example 49: Various effects of different groups in present Docetaxel derivatives for targeted
activation in tumor microenvironment on the activation of Paclitaxel drugs in tumor tissue.

Different groups in present Docetaxel derivatives for targeted activation in tumor microenvironment
have different effects on the activation of Paclitaxel drugs in tumor tissue. The mutual structurc-cfficacy of
Docetaxel with the groups linked determined the targeting and activation effects in tissues. In the
experiments, at 37°C, compounds were added into proteases in 100ug acidized tumor tissue homogenates in
a concentration of 1mg/ml. The tumor tissuc homogenates could release Docctaxcl. Reduction of compound
and increase of Docetaxel were detected by HPLC, thercby comparing the activation efficicney of the drug
by the tumor tissue. It was found that the linker linking to the screening compound exhibited highest
activation cfficiency. Activation in ditferent tumor types also indicates that the drugs have a broad treatment
spectrum (table 45). Meanwhile certain compounds produced in the screening were compared and their
activation efficiency in same tissue was analyzed. It is proved the chemical group selection for D1 has the
highest activation efficiency (table 45), and the activation cfficiency of D2~D4 in different tumor tissue

homogenates is close to D1.

Table 45: Activation ratio (%) of D1, D2, D3 and D4 in homogenates from different tumor tissucs

. Different tumor tissues Cells producing tumor

|
i Activation ratio (%) in homogenates from different
!

lmor tissues
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DI D2 D3 D4
Human fibrosarcoma 11T-1080 77.23 67.86 71.11 67.14
Human breast cancer MDA-MB435 83.07 82.26 81.36 §3.52
Human ovari@ cancer SK-OV-3 79.56 86.14 71.37 57.42
Human colon cancer HT-29 71.46 80.91 82.26 81.54
Human chronic leukemia K562 68.23 65.97 63.18 66.78
Human pancrealic cancer Panc-1 85.32 84.42 §2.35 83.7«9_ 444444444444
Human non-small cell A549

77.76 80.46 83.26 75.24
lung cancer B
Human prostate cancer PC-3 87.57 88.56 36.67 84.15
Human liver cancer Hepg?2 85.77 76.14 75.15 66.78
Human renal cancer OS-RC-2 77.76 82.35 77.76 81.45

Table 46: Effcct of changes of similar but different componernts in control compounds or linkage to

Docctaxel at its 7- or 2-pesition on activation efficiency of the diugs by MDA-MB231 tumor tissue

Compounds activation efticiency(%)
C1': AAN -group 2- Docetaxel (linking at 2-position) 23.2
C2": group 1- AANL - Docetaxel (linking at 2-position) 50.4
C3’: AAN - Docetaxel (linking at 2-position) 34.4
C4’: group 1- AAN -group 2- Docetaxel (linking at 7-position) 16.8
C5’: group 1- AANL -group 2- Docetaxel (linking at 2-position) 39.7
C6’: group 1- AANK -group 2- Docetaxel (linking at 2-position) 57.4
Dl 91.5
D2 91.1
D3 90.8
D4 89.5

As table 46 shows, activation efficiency of linkage to Docetaxel at its 2-position s higher than that at 7-

position.

According to the results, different groups in the present Docetaxel for targeted activation in tumor

microenvironment have various effects on the activation of Docetaxel drugs in tumor tissue. The mutual
structure-cfficacy of Docetaxel with the groups linked determined the targeting and activation effects in

tissues.

Example 50: Detection of maximum tolerated dose (MTD) by intravenous injection of the test drugs

Test purpose: to investigate the acute toxicity of the new drug formulations via detecting MTD by
intravenous injection.

Test drugs: D1, D2, D3 and D4 injections, diluted to corresponding concentrations by physiological
saline when testing.

Animal: the first class BALB/C mice, weighing 19-21 g and all mice being female.
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Method and results: 210 BALB/C mice were randomly divided into 21 groups according to their body
weights, with 10 mice in each group. As shown in Table 47, the mice were intravenously injected with D1,
D2, D3 and D4 for just one time in a dose of 0 mg/kg, 125mg/ke, 150myke, 175mg/kg, and 200mgrke.
Control tests were performed by injecting 0.2ml physiological saline or Docetaxel. Animals were observed
for 17 continuous days for presence or absence of the following behaviors on cach day: pilo-crection, hair
tousle and lackluster, lethargy, stoop and irritable reaction, and body weight and death were recorded. Blood
samples were taken on the 3, 5 and 14 days for counting the whole blood cells. Animals werc anatomized on
day 14 to take the heart, liver, kidney, lung, spleen, and pancreas for HE staining,.

Table 47: Comparison of mortality rates of test mice receiving different doses of D1, D2, D3 and D4

injections, physiological saline or Docetaxel injection

Group injections Dose (mg/kg) Number of Number of dead Mortality rate
- animal animal (%)

1 physiological saline | Omg/kg 10 0 0

2 Dl 125mg/kg 10 0 0

3 D1 150mg/kg 10 0 0

4 D1 175mg/kg 10 0 0

3 D1 200mg/kg 10 i 10

6 D2 125mg/kg 10 0 0

7 D2 150mg/kg 10 0 0

8 D2 175mg/kg 10 0 0

9 D2 200mg/kg 10 2 20
10 D3 125mg/kg 10 0 0

11 D3 150mg/kg 10 0 0

12 D3 175mg/kg 10 0 0

13 D3 200mg/kg 1o 1 10
14 D4 125mg/kg 10 0 0

15 D4 150mg/kg 10 0 0

16 D4 175mg/kg 10 0 0

17 D4 200mg/kg 10 0 10
18 Docetaxel 25mg/kg 10 0 0
, 19 Docetaxet 30mg/kg IR 2 20%
20 Docetaxel 35me/ke 10 5 50%

21 Docetaxel 40mgkg 10 10 100%

Results and discussions: no pilo-erection, hair tousle and lackluster, lethargy, stoop, irritable reaction
and death were observed in mice receiving 150 mg/kg D1, D2, D3 and D4 injections. As shown in Table 47,
the MTD of the D1 and D2 injections were about 150mg/kg, which is far beyond the MTD of Docetaxel,
25mg/kg. The MTD for intravenous administration of a test drug is an important reference index for drug

toxicity. The results indicate that the toxicity of the Docetaxel released by targeted activation is significantly
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reduced as compared with Docetaxel.

Example 51: Study on efficacy of D1, D2, D3 and D4 injections in nude mice

Test purpose: to investigate the anti-tumor efficacy of D1, D2, D3 and D4 in mice modcl for tumor
treatment.

Test drug: D1, D2, D3 and D4 injections and Docetaxel injection, diluted to corresponding
concenirations by physiological saline when testing.

Method and results:

1. Animal: nude mice of 6-8 weeks old, all female.

2. Production of tumor model

1) Human prostate cancer PC-3 cells were purchased from American type culture collection (ATCC)
and identified according the specification provided by ATCC. Cells were cultivated in DMEM culture
solution containing 10% fetal bovine serum at 37°C and 5% CO,. The cells werc passaged for every three
days and cells within the 15th passage werc used.

2) Production of tumor. 5x10° PC-3 cells were subcutancously injected to the back of the nude mice.
Mice were randomly grouped after the tumor reached at least 100mm’. Then treatment began and the day on
which the treatment began was day 1.

3) Course of treatiment

According to the clinical application of D1, D2, D3 and D4, drugs were intravenously injected (IV).
D1, D2, D3 and D4 were administered in a dose of less than 1/6 MTD, i.c., 25mg/kg, and Docetaxel was
administered in a dose of 173 MTD, i.e., 8.3mgkg. The control group was administered by physiological
saline. Drugs werc administered once weekly for four weeks.

4) Grouping and test results are shown in Table 48.

Table 48: Effect of E1, E2. E3, E4, Docetaxel and control group on tumor treatment in nude mice

Number of | Size of tumor (mm’) inhibitory rate on tumor
Group ’

animal Day 10 Day 24 | Day 10 Day 24
D1 group 10 86.45426.42 143.34+44.42 75.0 80.5
D2 group 10 78.53436.89 113.52+41.88 773 84.5
D3 group 10 67.43+£28.93 157.45+64.74 80.5 786
D4 group 10 78.56+36.74 167.33+63.65 77.3 L 77
Docetaxel trealment

10 168.66+79.43 313.75+157.42 513 57.3
group
Control group 10 346.4+121.78 734.45+216.56 / /

5) Results and discussions: As shown in Table 48, inhibition on tumor growth by D1, D2, D3 and D4
were greatly improved as compared with the groups treating by Docetaxel using the same molar

concentration and the contro! group.
Example 52: Study on efficacy of D1, D2, D3 and D4 in D121 tumor immune model
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Test purpose: to investigate the anti-tumor efficacy of D1, D2, D3 and D4 in a D121 lung caner model
for immune treatment.

Test drug: D1, D2, D3, D4 and Docetaxel, all used in 13.2pmol/kg; PDLI antibody, 5 ng/kg.

Animal: C57 mice of 6-8 weeks old, all female.

Production of tumor model:

1) D121 lung tumor cells were purchased from ATCC. Cells were cultivated in DMEM culture
solution containing 10% fetal bovine serum at 37°C and 5% CO,. The cells were passaged for every three
days and cells within the 15th passage were used.

2) Tumor immunization. 5%10° D121 lung cancer cells (purchased from ATCC) which were killed by
irradiation were intraperiteneally injected to mice. The mice were injected for 3 times, once every two
weeks. After immunization, mice were injected with tumor cells and the drugs were administered weckly for
4 weeks.

3) Production of tumor. At day 32, 10° live D121 lung tumor cells were subcutancously injected to the
back of the C57 mice immunized by tumor. Treatment began when the tumor grew to 0.3-0.4cm.

4) Analysis on tumor CD8+ T cells. The tumor tissue was homogenated and individual cells in the
tumor were filtered, separated and washed by buffer twice, then cultivated with the leucecyte common
antigen CD45-PE and T-lymphocyte antigen CD8-FITC marked antibodics for 1 hour at ambicnt
temperature. The cells were washed by phosphate buffer containing 1% fetal bovine serum twice and then
analyzed for the ratio of the T lymphocyte antigen (CD8) positive cells in the leucocyte common antigen
(CD45) positive cells by flow cytometry. Increasement of the ratio indicates increascd T Iymphocyte cells
and thus the animal immunity against the tumor was improved.

5) Grouping and test results are shown in Table 49.

Table 49: Effect on inhibition oiitumor and immune activation of D1, D2, D3, D4; Docetaxel and control

Number s inhibitory rate
Size of tumor (imm”) CD3: CD45 (%)
Group of ontumor¥%
animal Day 18 Day 18
Immune group, without D121 dead
‘ 8 1673.56 6.4
tumor cells
Inunune group (Control group) 8 1425.56 12.6
Immune group+D] 8 324.45 71.2 18.5
Immune group+D2 8 312.43 78.1 17.3
Immune group+D3 8 323.56 773 17.7
lmmune group+D4 8 246.85 82.7 16.3
Immune group+D1+ PDLI antibody |8 | 136.43 90.4 23.6
Imimune group+Docetaxel 30 1268.64 11.0 6.9
Immune group+Docctaxcl+PDLI
8 846.67 40.6 9.4
antibody

6) Results and discussion. Treatment cffects of D1, D2, D3 and D4 on C57 mice were greatly

improved as compared to the control group and the other trcatment groups. DI and PDLI-antibody show an
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excellent synergistic effect in promoting immunization and treatinent. They can inhibit tumor growth via

IMproving inmunization.

Example 53: Study on efficacy of D1, D2, D3 and D4 in BALB/C mice model for tumnor metastasis

Test purpose: to investigate the anti-tumor efficacy of D1, D2, D3 and D4 in BALB/C mice model for
treatment of tumor metastasis.

Test drug: D1, D2, D3 and D4 injections and Docetaxel injection, diluted to corresponding
concentrations by physiological saline when testing.

Method and results:

1. Animal: BALB/C mice of 6-8 weeks old, all female.

2. Production of tumor model

1) 4T1 cells were purchased from American type culture collection (ATCC) and identified according
the specification provided by ATCC. Cells were cultivated in DMEM culture solution containing 10% fetal
bovine serum at 37°C and 5% CO,. The cells were passaged for every three days and cclls within the 15th
passage were used.

2) Production of tumor metastasis. 10° T1 cells were subcutaneously injected to the back of the
BALB/C mice. Mice were randomly grouped after the tumor grew to about 1.5 cm. The subcutancous tumer
was removed by surgery and drug trcatment began. Mice were killed after anesthesia on day 27. The wholc
lung was taken out and put into Bouin’s solution for staining. The number of the tumor metastasized to lung
was counted with anatomical microscope.

3) Course of treatment

According to the clinical application of D1, D2, D3 and D4, drugs were intravenously injected (IV).
D1, D2, D3 and D4 were administered in a dose of 1/6 MTD, i.c., 25mg/kg, and Docctaxel was
administered in a dose of 1/6 MTD, i.c., 4.2mg/kg. The control group was administered by physiological
saline. Drugs were administered once for every three days for 4 times.

4) Grouping and test results are shown in Table 50.

Table 50: Effects of D1, D2, D3, D4, Docetaxel and control on inhibition of tumor metastasis in BALB/C

mice
Group Number of animal Number of metastasized Inhibitory rate on
(umor mctastasis
D1 Group 10 543 952
D2 Group 10 13+£8 97.3
D3 Group 10 17+13 93.0
D4 Group 10 19413 90.8
Docetaxel treatment 10 156+24
89.7

proup

Control group 10 185£35 /

5) Results and discussion. As shown in Table 50, the inhibitory effect on tumeor metastasis of BALB/C

mice was greatly improved after intraperitoneal injection of DI, D2, D3 and D4, as comparcd with the
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Docetaxel group and the control group, indicating that this kind of drugs exhibits an excellent efficacy on

anti-tumor metastasis.

Example 54: Study on efficacy of C1 in multiple tumor models

Test purpose: to investigate the anti-tumor spectrum of Cl through multiple tumor models from mice

Test drug: C1 injection, diluted to corresponding concentrations by physiological saline when testing.

Method and results:

1. Animal: nude mice of 6-8 weeks old, all female.

2. Production of tumor model

1) Corresponding tumor cells were purchased from American type culture collection (ATCC) and
identified according the specification provided by ATCC. Cells were cultivated in DMEM culture solution
containing 10% fetal bovine serum at 37°C and 5% CO,. The cells were passaged for every three days and
cells within the 15th passage were used.

2) Production of tumor. 5x10° corresponding cclls were subcutancously injected to the back of the
nude mice. Mice were randomly grouped after the tumor reached at least 100mm’. Then treatment began
and the day on which the treatment began was day 1.

3) Coursc of treatment. According to the clinical application of D1, D1 was administered in a dose of
1/6 MTD, i.e., 25mg/kg. The control group was administered by physiological saline. Animals were
administered once weekly for three weeks.

4) Grouping and test results are shown in Table 51.

Table 51: Treatment effect of D1 in mudtiple tumor models

Group Tumor cell inhibitory rate on tumor (Day 26)
Human breast cancer MDA-MB435 | 93.5%
Human ovarian cancer SK-OV-3 82.9%
Human colon cancer HT-29 68.6%
Human chronic leukemia K562 84.6%
Human colon caner HT1080 94.6%
Human pancreatic cancer Panc-1| 89.4%
Human non-small cell lung cancer | AS49 190.4%
Human liver cancer Hepg?2 75.7%
| Human renal cancer OS-RC-2 87.7%

5) Results and discussion. As shown in Table 51, D1 shows an excellent efficacy in multiple tumor

models, demonstrating that the drug has a wide anti-tumor spectrum.

Compounds D10-D24 were also prepared in the present disclosure by similar method for synthesizing
D1, except that the starting ainino acids used tor linking were different, as shown in Table 52.
Corresponding R, amino acid and R; amino acid were dissolved in N,N-dimethylformamide. The same
condensating agent, |-ethyl-(3-dimethylaminopropyl) carbodiimide hydrochloride, was added respectively
and reactions were atlowed to take place at 0-25°C for 0.5-2 hours. Then Asn was added and reaction was
9]
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taken place at 0-25°C for 2-24 hours to obtain a tripeptide. Molecular weights of D10-D24 (n=1), as detected
by mass spectrum (MS), arc shown in Table 47, which are consistent to their respective calcufated molecular
weights,

Activation property, inhibitory rate on tumor and inhibitory rate on metastasis of Docetaxel for
targeted activation in tumor microenvironment having different amino acid structures were tested by the
same methods as described in Examples 49, 51 and 53. The results are shown in Table 47. Sincc results from
Examples 49, 51 and 53 indicate that n is preferably in the range of 1-11, at which range the drugs have the
same treatment effects, n in D10-D24 is selected as 1 except that R; and R; are different.

Table 52: Activation property, inhibitory rate on tumor and inhibitory rate on metastasis of D10-D24 for

targeted activation in tumor microenvironment

No. of R Ry Character Molecular | Calculated | activation | inhibitory rate | inhibitory rate
Compou weight by | molecular efficiency( | on tumor on
nd MS weight %) (%)(Day 38) metastasis(%)
D10 Ala | Thr | White powder | 1360 1359.72 65.4% 65.6% 75.3%
D11 Ala | Val White powder | 1358 1357.67 42.6% 46.2 % 44.5%
Di2 Ala | Asn | White powder @ 1373 1372.64 38.4% 49.5% 81.6%
D13 Thr | Ala | White powder = 1360 1359.72 75.7% 61.3% 87.4%
D14 Thr | Thr | White powder | 1390 1389.74 37.5% 52.4% 29.4%
D15 Thr | Val White powder | 1388 1387.77 54.6% 45. 8% 39.3%
D16 | Thr | Asn | White powder | 1403 1402.74 33.2% 68.3% 56.8%
D17 Val | Ala White powder | 1358 1357.74 30.6% 58.3% 64.8%
D18 Val | Thr | White powder | 1388 1387.77 65.8% 69.8% 80.1%
D19 Val | Val White powder | 1386 1385.80 38.5% 552% 68.3%
D20 Val | Asn | White powder © 1401 1400.77 43.5% 47.8% 71.4%
D21 Tle Ala White powder | 1372 1371.77 49.6% 43.4% 1 63.9%
D22 Iic Thr White powder | 1402 1401.80 69.9% 775495% 705% B
D23 Ile Val White powder | 1400 1399.83 57.5% 65.2% A455%
D24 lle Asn | White powder | 1415 1414.80 49% 4748% 54.2%

Results and discussion: As shown in Table 52, compounds D10~D24 could be activated and had some
cffects on inhibition of tumor growth and on metastasis, indicating the scrcening of mventors could optimize
the activation and treatment of tumor.

In some other cxamples of the invention, other Docctaxcl derivatives for targeted activation in tumor
microenvironment were synthesised, of which n is any integer between 1-300, R; is Ala, Thr, Val or lic; R;
is Ala, Thr, Val or Asn. And they were subjected to formulation test, MTD test, study on efficacy ou tumor,
study on efficacy of inhibiting metastasis and study on cfficacy on multiple tumors. Similar results to D1-D4
were obtained. As demonstrated by the experiments, when n is in the range ot [-300, the inhibitory ratc on
tumor is stightly reduced as n increases. The activation activity also slightly decreases and mass of drugs in

the same molc increases, as n increases. [owever, the metabolic half life of the drug also increases as n
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increases. Therefore, the entire efficacy is only slightly decreased and when n is in the range of 1-300, all

compounds could produce similar technical effect to D1-D4.

Example 55: Synthesis of mitomyein targeting to tumor microenvironment

1) Synthesis of Fmoc-L-Ala-L-Ala-OMe (fluorenylmethoxycarbonyl-L-Ala-L-Ala-methyl ester) (1)

Fmoc-L-Ala-OH (fluorcnylmethoxycarbonyl-L-Ala) (33g, 0.lmol) was dissolved in
N, N-dimethylformamide (1L). A solution of 1-hydroxylbenzotriazole (20.2g, 0.15mol),
1-cthyl-(3-dimethylaminopropyl) carbodiimide hydrochloride (34g, 0.15mol) and L.-Ala methyl ester (13.9g,
0.1mol) and N,N-diisopropyl cthylamine (25.8g, 0.2mol) in N,N-dimethylformamide (500mL) were added
when stirring and then the resultant mixture was stirred at ambient temperature for 10 hours. The solvents
were removed by evaporation under reduced pressure. The crude product was dissolved in dichloromethane
(21), washed subsequently by saturated ammonium chloride solution, water and saturated sodium chloride
solution. The organic phase was dried by anhydrous sodium sulphate. The organic phase was dried by
anhydrous sodium sulphate. After removing the solvents by cvaporation under reduced pressure, the crude

product was recrystallized to obtain a white solid [ (30g, Yicld 75.1%)).

2) Synthesis of Fmoc-L-Ala-L-Ala-OH (fluorenylmethoxycarbonyl-L-Ala-L-Ala) (II)

Fmoc-L-Ala-L-Ala-OMe (40g, 0.1mol) was dissolved in a mixed solution of tetrahydrofuran (2L) and
water (1L). After cooling, 1M lithium hydroxide solution (400mL) werc added. The resultant mixture was
stirred for reaction for 10 hours. Concentrated hydrochloric acid was dropped to adjust the pH to be less
than 6 and tetrahydrofuran were removed by cvaporation under reduced pressure. The residual water phase
was extracted by dichloromethane (1Lx3). The organic phase was dried by anhydrous sodium sulphate. A

whitc solid 1l was obtained after vaporizing and drying under reduced pressurc (36g; Yield, 94%).

3) Synthesis of Fmoc-L-Asn (Trt)-L-4-amino benzyl alcohol (1)

Fmoc-L-Asn {Trt)-OH (fluorenylmethoxycarbonyl-triphenylmethyl-L-Asn) (20g, 0.03mol),
2-(7-azabenzotriazol)-N,N,N’,N'-tetramethyluronium hexafluorophosphate (HATU) (15g, 0.04mol) and
DMF (200mL) were added into a three-neck flask and stirred for 30 minutes. A solution of 4-amino benzyl
alcohol (4.1g, 0.03mol) in DMF (5mL), and N,N-diisopropy! cthylaminc (8.7g, 0.06mol) were scparately
added. The resultant mixture was stirred at ambient temperature for 3 hours. Then the solvents were
removed by cvaporation under reduced pressure. The residuc was dissolved in ethyl acetate (200mL),
washed subsequently by saturated ammonium chloride solution and saturated sodium chloride solution and
dricd by anhydrous sodium sulphate. After filtration, the solvent was removed by evaporation. The resultant

crude product was pulping to obtain a white solid 111 (21.3g, Yield 90%).

4) Synthesis of L-Asn (Trt)-L-4-amino benzyl alcohol (1V)
Fmoc-L-Asn (Trt)-L-4-amino benzyl alcohol (13g, 18mmol) was dissolved 1n
N,N-dimethylformamide (80mL). Piperidine (30ml.) was added and then stirred at ambient temperature for

2 hours. The solvents were removed by evaporation under reduced pressurc. And the resultant product was
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dried under high vacuum within a vacuum drying oven to remove a small quantity of piperidine. A pale

yellow solid 1V was obtained, which could be use in the next step without purification.

5) Synthesis of Fmoc-L-Ala-L-Ala-L-Asn (Trt)-4-amino benzyl alcohol (V)

Fmoc-L-Ala-L-Ala-OH (5.4g, 14mmol), benzotriazol-N,N,N’,N'-tctramethyluronium
hexafluorophosphate (HBTU, 8g, 21 mmol) and DMF (50mL) were added into a three-neck flask and stirred
for 30 minutes in an ice bath under protection by nitrogen gas. A solution of L-Asn (Trt)-4-amino benzy!
alcohol (6.7g, 14mmot) in DMF (50mL), and N,N-diisopropylethylamine (5.5g, 42mmol) were added
separately under 0°C The resultant mixture was stirred overnight at ambicent temperature. The solvents were
removed by evaporation under reduced pressure. The residue was dissolved in acetyl acetate (200mL),
washed subsequently by saturated ammonium chloride solution and saturated sodium chloride solution and
dried by anhydrous sodium sulphate. After filtration, the solvent was removed by evaporation. The resultant

crude product was pulped to obtain a white solid V (18.5g, Yield 78%)).

6) Synthesis of L-Ala-L-Ala-L-Asn (Trt)-4-amino benzyl alcohol (VI)

Fmoc-L-Asn (Trt)-L-4-amino benzyl alcohol (864mg, Tmmol) were dissotved in
N.N-dimethylformamide (30mL). Piperidine (10mL) was added and then stirred at ambient temperature for
2 hours. The solvents were removed by evaporation under reduced pressure. A pale yellow solid IV was

obtained, which could be use in the next step without purification.

7) Synthesis of 2-(2-methoxyethoxy) acetyl-L-Ala-L-Ala-L-Asn (Trt)-4-amino benzy! alcohol (VII)

2-(2-methoxycthoxy) acetic acid (134mg, Immol) were dissolved in N,N-dimethylformamide (5mL).
After cooling to 0°C, 3-(Diethoxyphosphoryloxy)-1, 2, 3-benzotrizin-4-one (DEPBT, 450mg, 1.5mmol) were
added and stirred for 30 minutes, Then L-Ala-L-Ala-L-Asn (Trt)-4-amino benzyl alcohol (621mg, 1mmol)
and N,N-diisopropyl cthylamine (387mg, 3mmol) were added. The reaction temperature was slowly raised
to ambient terperature in the dark and then stirred for 5 hours. The reaction sofution was poured into
200mL aqueous acetic acid solution and extracted by dichloromethane. The organic phases were pooled,
washed by water and dried by anhydrous sodium sulphate. The solvents were removed by evaporation under
reduced pressure to obtain an orange red crude product. The crude product was purified by silica gel column

chromatography to obtain a white powder VII (479mg, Yield 65%).

8) Synthesis of 2-(2-mcthoxycthoxy) acetyl-L-Ala-L-Ala-L-Asn (Trt)-4-aminobenzyl-4-nitrophenyl
carbonate (VIII)

2-(2-methoxycthoxy) acetyl-L-Ala-L-Ala-L-Asn (Trt)-4-amino benzyl alcohol (1.9g, 2.6mmol) were
added into a three-neck flask and dissolved in dichloromethane (10mL). A solution of 4-nitrophenyl
chloroformate (1g, 5.2mmol} and pyridine (400mg, 5.2mmol) in dichloromethane were dropped. The
resultant mixture was stirred at ambient temperaturc overnight. The reaction solution was washed by water

and separated. The organic phase was dried by anhydrous sodium sulphate. The solvents were removed by
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cvaporation under reduced pressurce. The crude product was purified by silica gel column chiromatography to

obtain VIIT (1.8g, Yicld 80%).

9) Synthesis of 2-(2-methoxyethoxy) acetyl-L-Ala-L-Ala-L-Asn-4-aminobenzyl-4-nitrophenyl
carbonate (I1X)

2-(2-methoxyethoxy) acetyl-L-Ala-L-Ala-L-Asn (Trt)-4-aminobenzyl-4-nitrophenyl carbonate was
dissolved in dichloromethane (2mL). Trifluoroacctic acid (2mL) were added and then stirred at ambient
temperature for 2 hours. The reaction solution was washed by water and separated. The organic phase was
dried by anhydrous sodium sulphate. The solvents were removed by evaporation under reduced pressure.

The crude product was purified by column chromatography to obtain IX (625mg, Yield 47%).

10) Synthesis of 2-(2-mcthoxycthoxy) acetyl-L-Ala-L-Ala-L-Asn-4-amino benzyl mitomycin (E1)

2-(2-methoxycthoxy) acetyl-L-Ala-L-Ala-L-Asn-4-aminobenzyl-4-nitrophenyl carbonate (400mg,
0.6mmol) was dissolved in N,N-dimethylformamide (10mL). Mitomycin C (200mg, 0.6mmol), 1-hydroxy
benzotriazole (HOBT, 17mg, 0.12mmol) and N,N-diisopropyl cthylamine (156mg, 1.2mmol) were added.
The temperaturc was raised to ambient temperature and then the resultant mixture was stirred 10 hours. The
solvents werc removed by evaporation under reduced pressure. The residue was dissolved in
dichloromcthane (200mL), washed subsequently by saturated ammonium chloride solution and saturated
sodium chloride solution and dried by anhydrous sodium sulphate. After {iltration, the solvent was removed
by evaporation. The resultant crude product was purified by column chromatography to obtain a pale yellow

solid, which was the target compound E1 (237mg, Yield 46%).

E2, E3 and E4 were synthesized by making reference to E1, except that the acetic acids substituted by
alkoxy group uscd in step 7 have different molecular weights. When synthesizing E2, 3, 6,9, 12, 15,
18-hexaoxanonadecanoic acid was used to replace 2-(2-methoxyethoxy) acetic acid, in synthesis of E3, 3, 6,
9,12,15, 18, 21, 24, 27, 30, 33, 36-dodecaoxaheptatriacontanoic acid was used to replace
2-(2-methoxyethoxy) acctic acid, and in synthesis of E4, polyoxa fatty acid was used to replace
2-(2-methoxyethoxy) acetic acid. According to mass spectruim (MS) detection results, the mass-to-charge
ratios of E1, E2 and E3 arc 855, 1032, and 1296, respectively, which are consistent to their calculated
molecular weights, 855.85, 1032.06, and 1296.37. According to Matrix-Assisted Laser Desorption/
Tonization Time of Flight Mass Spectrometry (MALDI-TOF-MS), E4’s molecular weight is about 14032,

which is consistent with its calculated molecular weight, 14023.76, as shown in Table 53.

No. n Character Molecular weight by mass spectrum fluorescence
El 1 White powder 855 None
E2 S White powder 1032 None
E3 11 While powder ‘ 1296 None
E4 150 White powder 14023 None
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Example 56: Injections for EI, E2, E3 and E4

E1, E2, E3 and E4 were dried under vacuum, sterilized via gas sterilization, and separately packing in
a sterile room. Before animal test, E1 was dissolved by injectable water containing 50% alcohol and diluted
by injectable water to the desired concentration. E2, E3 and E4 could be directly diluted by injectable water

to the desired concentrations.

Example 57: Methods for determinining the contents of E1, E2, E3 and E4 in respective products and
their content ranges

As detected by analytic HPLC (Agilent 1220 series, C8 column 5 pm, 4.6 mm 1DX250 mim; the
mobile phase is 0-95% acetonitrile (ACN) ), the purities of E1, E2, E3 and E4 are all in the range of
95-99%.

Example 58: Activation of mitomycin for targeted activation in tumor microenvironment in different
tumior tissues

At 37°C, compounds were added into protcascs in 100pg acidized tumor tissue homogenates in a
concentration of Img/iml. The tumor tissue homogenates could release mitomycin. Reduction of compound
and increase of mitomycin were detected by HPLC, thereby comparing the activation efficiency of the drug
by the tumor tissue. It was found that the current compounds linking to the screcned compounds exhibited
highest activation cfficiency. Activation in different tumor types also indicates that the drugs have a broad
treatment spectrum, See Table 54,

Table 54: Activation ratio {%.y of E1, E2, E3 and E4 in hiomoyenates from different tumor tissues

Activation ratio (%) in homogenates from different

Different tumor tissues Cells producing tumor tumor tissues
El E2 E3 E4

Human fibrosarcoma HT-1080 83.6 85.7 813 85.4
Human breast cancer MDA-MB435 97.3 90.6 96.3 78.8
Human ovarian cancer SK-OV-3 93.5 97.6 98.3 91.7
Human colon cancer HT-29 94.2 96.1 98.1 93.0
Human chronic leukemia K562 74.5 68.4 61.8 62.1
Human pancreatic cancer | Panc-1 89.4 84.6 83.1 89.7
Human non-smali cell AS549 97.4 96.4 39.4 842
lung cancer

Human prostate cancer ‘ PC-3 - 78.9 86.4 74.8 §9.9
Human liver cancer Hepg? 94.6 94.8 97.8 915
Human renal cancer OS-RC-2 o 99.7 94.5 j916 99

Example 59: Detection of maximum tolerated dose (MTD) by intravenons injection of the test drugs

Test purpose: to investigate the acute toxicity of the new drug formulations via detecting MTD by
96
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mtravenous injection.

Test drugs: E1, E2, E3 and E4 injections, diluted to corresponding concentrations by physiological
saline when testing.

Animal: the first class BALB/C mice, weighing 19-21 g and all mice being female.

Method and results: 210 BALB/C mice were randomly divided into 21 groups according to their body
weights, with 10 mice in each group. As shown in Table 55, the mice were intravenously injected with E1,
E2, E3 and E4 for just one time in a dose of 0 mg/kg, 50mg/kg, 70mg/ke, 90mglkg, and 110mg/kg. Control
tests were performed by injecting 0.2ml physiological saline or mitomycin. Animals were observed for 17
continuous days for presence or absence of the following behaviors on each day: pilo-crection, hair tousle
and lackluster, lethargy, stoop and irritable reaction, and body weight and death were recorded. Blood
samples were taken on the 3, 5 and 14 days for counting the whole blood cclls. Animals were anatomized on
day 14 to take the heart, liver, kidney, lung, spleen, and pancreas for HE staining.

Table 55: Comparison of mortality rates of test mice receiving different doses of E1, E2, E3 and E4

injections, physiological saline or witomyein injection

Group Dose (mg/kg) Number of Number of dead Mortality rate
animal animal (%)

1 physiological saline | Omg/kg 10 0 0

2 El 50mg/kg 10 0 0

3 El 70mg/keg 10 0 ‘0

4 El 90my/kg 10 0 0

5 El 110mg/kg 10 1 10

6 E2 50mg/kg 10 0 0

7 E2 70mg/kg 10 0 0

8 k2 Y0mg/kg 10 0 0

9 E2 110mg/kg 10 1 10

10 3 50mg/kg 10 0 0

11 E3 T0mg/kg 10 0 0

12 E3 90mg/kge 10 0 0

13 B3 110mg/kg 10 1 10

14 E4 50mg/ke 10 0 0

15 E4 ’ 70mg/kg 10 0 0
6 E4 90my/kg 10 0 0

17 L4 110mg/kg 10 0 10

18 nmitomycin omg/kg 10 0 0

19 nitomyein ]mg/kg ‘ 10 i 10%

20 mitomycin 8mg/kg 10 4 40%

21 mitomycin 9mg/kg 10 9 90%

Results and discussions: no pilo-crection, hair tousle and lackluster, Iethargy, stoop, irritable reaction
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and dcath were observed in mice receiving 90 mg/kg E1, E2, E3 and E4 injections. As shown in Table 55,
the MTD of the E1 and E2 injections were about 90mg/kg, which s far beyond the MTD of mitomycin,
omg/kg. The MTD for intravenous administration of a test drug is an important reference index for drug
toxicity. The results indicate that the toxicity of the mitomycin relcased by targeted activation is significantly

reduced as compared with mitomycin.

Example 60: Study on cfficacy of E1, E2, E3 and E4 injections on Panc-1 cells in nude mice

Test purpose: to investigate the anti-tumor efficacy of E1, E2, E3 and E4 in mice model for tumor
treatment.

Test drug: E1, E2, E3 and E4 injections and mitomycin injection, diluted to corresponding
concentrations by physiological saline when testing.

Method and results:

1. Animal: nude mice of 6-8 weeks old, all female.

2. Production of tumor model

1) Panc-1 cells were purchased from American type culture collection (ATCC) and identified
according the specification provided by ATCC. Cells were cultivated in DMEM culture solution containing
10% fetal bovine serum at 37°C and 5% CO.. The cells were passaged for every three days and cells within
the 15th passage were used.

2) Production of tumor. 5%10° Panc-1 cells were subcutancously injected to the back of the nude mice.
Mice were randomly grouped after the tumer rcached at lcast 100mm”. Then treatment began and the day on
which the treatment began was day 1.

3) Course of treatment

According to the clinical application of E1, E2, E3 and E4, drugs were intravenously injected (IV). El,
E2, E3 and E4 were administercd in a dosc of 1/6 MTD, i.c., 15mg/kg, and mitomycin was administered in a
dosc of 1/3 MTD, i.c., 2mg/kg. The control group was administered by physiological saline. Drugs were
administered once wecekly for four weeks.

4) Grouping and test results arc shown in Table 56.

Table 56: Effect of E1, E2, E3, E4, mitomycin and control group on tumor trcatment in nude mice

Group Number of animal | Size of tamor (mm”?) inhibitory rate on tumor
- Day 10 Day 24 Day 10 Dgy 24

E1 group 10 76.42+14.96 84.62:445.94 35.7% 66.1%

E2 group 10 60.17+30.26 42.39+62.24 36.4% 83.01%
E3 group 10 75.60+28.54 74.39+48.94  1494% 1 702%
E4 group 10 73.35+38.46 63.99447.13 42.9% 81.5%
Mitomyein treatment group  § 10 118.85+£36.47 249.54+ 9546 | 7.5% 27.9%
Control group 10 128.5+£16.7 346.1x104.74. |/ /

5) Results and discussions: As shown in Table 56, inhibition on tumor growth by E1, E2, E3 and F4
were greatly improved as compared with the groups treating by mitomycin using the same molar

concentration and the control group.
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Example 61: Study on efficacy of E1, E2, E3 and E4 injections on HT1080 cells in nude mice

Test purpose: to investigate the anti-tumor cfficacy of E1, E2, E3 and E4 in mice model for tumor
treatment.

Test drug: E1, E2, E3 and E4 injections and mitomycin injection, diluted to corresponding
concentrations by physiological saline when testing.

Method and results:

1. Animal: nude mice of 6-8 weeks old, all female.

2. Production of tumor model

1) HT 1080 cells were purchased {rom American type culture collection (ATCC) and identified
according the specification provided by ATCC. Cells were cultivated in DMEM culture solution containing
10% fetal bovine scrum at 37°C and 5% CO,. The cells were passaged for every three days and cells within
the 15th passage were used.

2) Production of tumor, 5x10° HT1080 cells were subcutancously injected to the back of the nude
mice. Mice were randomly grouped after the tumor reached at least 100mm?’, Then treatment began and the
day on which the treatment began was day 1.

3) Course of treatinent

According to the clinical application of E1, E2, E3 and E4, drugs were intravenously injected (IV). E1,
E2, E3 and E4 were administered in a dosc of 1/6 MTD, i.e., 15mg/kg, and mitomycin was administered in a
dose of 1/3 MTD, i.e., 2mg/kg. The control group was administercd by physiological saline. Drugs were
administered once weekly for four weeks.

4) Grouping and test results are shown in Table 57.

Table 57: Lffect of E1, E2, E3, E4, mitomyein and control grouy on tumor treatiment in nude mice

30

Group Number of Size of tumor (mmf‘) inhibitory rate on tumor

ammal Day 13 Day 26 Day 13 Day 26
El Group 10 438.15+47.96 | 331.57+ 114.74 51.9% 78.9%
E2 Group 10 37811 £68.46 | 137.60+£156.42 | 58.5% 91.3%
L3 Group 10 43982+ 69.02 | 357.03+194.54 | 51.7% 77.3%
E4 Group 10 426.74 £ 46.63 | 304.55+ 184.53 | 53.2% 80.7%
Mitomycin treatment group 10 8‘7”().48 +78.29 | 1410.28+375.46 : 3.7% 10.4%
Control group 10 910.42 £ 96.15 | 1574.46+ 456.34  / /

5) Results and discussions: As shown in Table 57, inhibition on tumor growth by E1, E2, E3 and E4

were greatly improved as comparced with the groups treating by mitomyein using the same molar

concentration and the control group.

Example 62: Study on efficacy of E1, E2, E3 and E4 in BALB/C mice model for tumor metastasis

Test purpose: to investigate the anti-tumor efficacy of E1, E2, E3 and E4 in BALB/C mice model for

treatment of tumor metastasis.

Test drug: E1, E2, E3 and E4 injections and mitomycin injection, diluted to corresponding
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concentrations by physiological saline when testing.

Methed and results:

1. Animal: BALB/C mice of 6-8 weeks old, all female.

2. Production of tumor model

1) 4T1 cells were purchased from American type culture collection (ATCC) and identified according
the specification provided by ATCC. Cells were cultivated in DMEM culture solution containing 10% fetal
bovine serum at 37°C and 5% CO,. The cells were passaged for cvery threc days and cells within the 15th
passage were used.

2) Production of tumor metastasis. 10° T1 cells were subcutancously injected to the back of the
BALB/C mice. Mice were randomly grouped after the tumor grew to about 1.5 cm. The subcutancous tumor
was removed by surgery and drug treatiment began. Mice were killed after anesthesia on day 27. The whole
lung was taken out and put into Bouin’s solution for stainmg. The number of the tumor metastasized to lung
was counted with anatomical microscope.

3) Course of treatment

According to the clinical application of E1, E2, E3 and E4, drugs were intravenously injected (IV). EI,
E2, E3 and E4 were administered in a dose of 1/6 MTD, i.e., 15mg/kg, and mitomycin was administered in a
dose of 1/6 MTD, i.c., Img/kg. The control group was administered by physiological saline. Drugs were
administered once for cvery three days for 4 times.

4) Grouping and test results are shown in Table 58.

Tablc 58: Effects of E1, E2, E3, E4, mitomycin and control on inhibition of tumor mctastasis in BALB/C

mice
| Group Number of animal Number of Inhibitory rate on
metastasized tumnor metastasis
E1 Group 10 243 99.2%
E2 Group 10 o 8£7 94.1%
E3 Group 10 1348 90.44%
F4 Group ’ LY 1516 89.0%
Milomycin treatinent grovp 1 10 128425 5.9%
Control group 10 136.0+£46 /

5) Results and discussion. As shown in Table 58, the inhibitory cffect on tumor metastasis of BALB/C
mice was greatly improved after intraperitoneal injection of El, E2, E3 and E4, as compared with the
mitomycin group and the control group, indicating that this kind of drugs exhibits an excellent efficacy on

anu-tumor metastasis,

Example 63: Study on efficacy of K1, E2, E3 and E4 in D121 tumor immune model .

Test purpose: to investigate the anti-tumor efficacy of E1, E2, E3 and E4 in a D121 lung caner model
for immune treatment.

Test drg: E1, E2, E3, E4 and mitomycin, all used in 13.2pmol/kg; PDLI antibody, 5 ng/ke.

Animal: C57 mice of 6-8 weeks old. all female.
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Production of tumor model:

1) D121 lung tumer cells were purposcd from ATCC. Cells were cultivated in DMEM culture solution
containing 10% fetal bovine serum at 37°C and 5% CO,. The cells were passaged for every three days and
cells within the 15th passage were used.

2) Tunior immunization. 5%10° D121 lung cancer cells (purchased from ATCC) which were killed by
irradiation were intraperitoneally injected to mice. The mice were injected for 3 times, once every two
weeks. After immunization, mice were injected with tumor cells and the drugs were administered weekly for
4 weceks.

3) Production of tumor. At day 32, 10® live lung tumor cells were subcutaneously injected to the back
of the C57 mice immunized by tumor. Treatment began when the tumor grew to 0.3-0.4cm.

4) Analysis on tumor CD8&+ T cells. The tumor tissue was homogenated and individual cells in the
tumor were filtercd, scparated and washed by buffer twice, then cultivated with the leucocyte common
antigen CD45-PE and CD8-FITC marked antibodies for 1 hour at ambient temperaturc. The cells were
washed by phosphate buffer containing 1% fetal bovine serum twice and then analyzed for the ratio of the T
lymphocyte antigen (CD8) positive cells in the leucocyte common antigen (CD45) positive cells by flow
cytometry. Increasement of the ratio indicates increased T lymphocyte cells and thus the animal immunity
against the tumor was improved.

5) Grouping and test results are shown in Tablc 59.

Table 59: Effect on inhibition of tumor and immunc activation of E1, E2, E3, E4, smutsmiyein and control

Group Number of Size of tumor inhibitory rate | CD8: CD45 (%)
‘animal (mm3) on tumor®%
Day 18 Day 18
Immune group, without D121 dead 8 1887.56+£323.4
tumor cells 2
Immune group (Control group) 8 1574.46+ 467 34 13.1
Immune group+ El 8 237.60 £358.57 83.27 18.4
Immune group+E2 8 331.57+£124.45 83.87 19.7
Immune group+E3 8 357.63 £ 157.32 79.55 16.3
o 8 304.55 +216.47 74.85 18.4
Iimmune group+E1+ PDLI1 antibody : 8 74.78+32.74 90.94 23.6
[mmune group-+mitomycin 8 1210.28+ 368.45 28.62 6.7
fmmune group+mitomycintPDLI 8 1334.90+274.78
antibody 175 7.4

6) Results and discussion. Trcatment effects of E1, E2, E3 and E4 on C57 mice were greatly

improved as compared to the control group and the other treatment groups. EI and PDL1-antibody show an

excellent synergistic effect in promoting immunization and treatment. They can inhibit tumor growth via

improving immunization.

Example 64: Study on efficacy of E! injection in multiple tumor models
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Test purpose: to investigate the anti-tumor spectrum of E1 through multiple tumor models from mice

Test drug: Bl injection, diluted to corresponding concentrations by physiological saline when testing.

Method and results:

1. Animal: nude mice of 6-8 weceks old, all female.

2. Production of tumor model

1) Corresponding tumor cells were purchased from American type culture collection (ATCC) and
identified according the specification provided by ATCC. Cells were cultivated in DMEM culture solution
containing 10% fetal bovine serum at 37°C and 5% CO,. The cclls were passaged for cvery three days and
cells within the 15th passage were used.

2) Production of tumor. 5x10° corresponding cells were subcutancously injected to the back of the
nude mice. Mice were randomly grouped after the tumor reached at least 100mm’. Then treatment began
and the day on which the treatment began was day 1.

3) Course of treatment. According to the clinical application of E1, E1 was administered in a dose of
1/6 MTD, i.e., 15mg/kg. The control group was administered by physiological saline. Animals were
administered once weckly for three weeks.

4) Grouping and test results arc shown in Table 60.

Table 60: Treatment effect of E1 in mulitiple tumor models

Group Tumor cell inhibitory rate on tumor (Day 26)
Human breast cancer 'MDA-MB435 | 86.3%
Human ovarian cancer SK-OV-3 84.5%
Human colon cancer HT-29 86.7%
Human chronic leukemia K562 77.3%
Human colon caner 1T1080 95.4%
FHuman pancreatic cancer Panc-1 86.5%
Human non-small cell lung cancer | A549 95.3%
Human liver cancer Hepg2 85.7%
Human renal cancer OS-RC-2 81.3%

5) Results and discussion. As shown in Table 60, E1 shows an cxcellent cfficacy in multiple tumor

models, demonstrating that the drug has a wide anti-tumor spectrum.

Example 65: Study on inhibition of scar and choroidal neovascularization (CNV) by El, E2, E3 and
E3 eye drops

Animal: C57 mice of 16 weeks old, al! femalc and 8 animals in cach group.

Production and treatment of scar. After fixed irradiation through photocoagulation by 150mW laser,
L1, E2, E3 and E4 were dropped daily. Two wecks later, eye tissues were taken from 4 animals of cach
group for immunohistochemical (IIE) staining. For another 4 animals, they were subjected to fixed
irradiation through photocoagulation by 50mW lascr and then to treatment. 48 hours later, their eye tissues
were taken, homogenated, filtered to isolate individual cells in the scar and choroidal ncovascularization

(CNV) tissues. The cells were washed by buffer twice and stained by biotin-conjugated anti-F4/80
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(biotin-labeled precursor cell antigen from macrophage) and FITC-conjugated anti-CD4S5 (isothiocyanate
fluorescein labeled leucocyte common antigen) at ambient temperature for 1 hour. Then the cells were
washed by PBS containing 1% fetal bovinc scrum twice and then analyzed for the ratio of the macrophage
precursor antigen positive cells in the leucocyte common antigen (CD45) positive cells by flow cytometry.
Reduction in the ratio indicates decrease of the macrophage precursor antigen positive cells, demonstrating
that the macrophages associated with the discase in the animal were inhibited. The results are shown in
Table 61.

Table 61: Study on inhibition of scar and choroidal neovascularization (CNV) by E1, E2, E3 and E3 cyc

drops
Group Number of ¢ Maximal scar radius observed by CDF4/80CD45 (%)
- animal pathological staining (pixel)
Control group 8 1246+335 16.243.2
El 8 332+124 7.1£1.4
E2 8 348+ 146 o 7.7x1.7
E3 8 369 £185 8.3+2.4
E4 8 484 £+ 252 92+2.1
nlito;]lypi]l N 8 953249 14.642.4

Results and discussion. El, E2, E3 and E4 have greatly improved treatment effect on scar radius and

inhibition of macrophage as comparcd to the control group and the mitomycin group.

E10-E24 were synthesized by a similar method for E1, except that the amino acids used for linking
arc diffcrent, as shown in Table 62.

Specifically, corresponding R, amino acid and Ry amino acid were dissolved in
N,N-dimethylformamidc, respectively. The condensating agent, such as 1-cthyl-(3-dimethylaminopropyl)
carbodiimide hydrochloride, was respectively added and reactions were allowed to take place at 0-25°C for
0.5-2 hours. Then Asn was added and reaction was taken place at 0-25°C for 2-24 hours. The reaction
solution was purified to obtain a tripeptide. The tripeptide was used to replace Ala-Ala-Asn as an
intermediate to prepare E10-E24 according to the procedures of Example 55. Molecular weights of E10-E24,
as dctected by mass spectrum, are shown in Table 57, which are consistent to their respective calculated
molecular weights.

Table 62; Character and mass spectrum results of E10-E24

No. of R; R; Character Molecular Calculafcd molcculaf
Compound weight by weight
MS
E10 Ala Thr light blue 886 885.88
Elt Ala Val light blue 884 883.83
E12 Ala Asn light blue 899 898.30
E13 Thr Ala light blue 886 885.88
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El4 Thr Thr light bluc 916 915.90
El5 Thr Val light blue 914 913.93
EL6 Thr Asn light blue 929 928.90
E17 Val Ala light blue 884 . 883.90
E1g Val Thr tight blue 914 913.93
E19 Val Val light blue 912 911.96
E20 Val Asn light blue 927 926.93
E21 lle Ala light blue 898 897.93
E22 Ite Thr light blue 928 927.96
E23 Ile Val light bluc 926 925.99
E24 Ile Asn light blue 941 940.96

Compounds E10-E24 were subjected to MTD test as done in Example 59, study on efficacy on tumor
as donc in Examples 60 and 61, study on efficacy of inhibiting mctastasis as done in Example 62 and study
on efficacy on multiple tumors as done in Example 64. Results show that they have similar results to E1-E4,
As demonstrated by the experiments, when n is in the range of 1-300, the inhibitory rate on tunor is slightly
reduced as n increases. The activation activity also slightly decreases and mass of drugs in the same mole
increases, as n increases. However, the metabolic half life of the drug also increases as n increases.
Therefore, the entire efficacy is only slightly decreased and when n is in the range of 1-300, all compounds

could produce similar technical effect to E1-E4.

Example 66: Comparison study on toxicity, efficacy and immunological property of Legutaxel (S17)

in tumor model

SR V] .
o
Lo ]
DT
o] N oo, HIH
Rast e
k8

Test purposc: to investigate the efficacy and anti-tumor immunological property of the product.

Mcthods and Results:

Mice were Dnjected with Legutaxel at tail vein weekly for 3 times. According to the results of
toxicity experiments obscrved over 21 days, no death were observed in the experiments with a dose of 140,
150 and 160 mg/kg/day. Therefore, Legutaxel’s dosce conld at feast reach 160mg/kg/day during treatment.

Comparative cxperiments for a high dosc of Legutaxel, Abraxane and Paclitaxel were
performed in HT1080 model, which were used at an equal molar dose and at an equal toxic dosc. The
treatment results show significantly different treatment efficacy. Death occurred after the third
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trcatiment with Paclitaxel injection, as shown in Fig. [.

We further studicd the immunological stimulation property of Legutaxel. As demounstrated by
the immunological detection of mice receiving tumor treatment, we found that the indexes for
tumor-derived immunosuppressive T cells (T reg: CD4+, CD25 ¥, Foxp3+) obtained from the
tumor-bearing group and in the treatment group by Paclitaxel were greatly increased. On the contrary,
the index for tumor-derived immunosuppressive T cells in treatment group by Legutaxel decreased
due to targeted chemotherapy (see panels a and b in Fig. 3). Meanwhile, more toxic CD8 T cells (in
Fig. 2, the CD8+ positive cells arc in brown, as shown by the arrows) were permeated from the tumor
tissue: From this lung cancer treatment model, 1t can be demonstrated that Legutaxel exhibits strong
immunological stimulation.

In the treatment of solid tumors, traditional chemotherapeutic drug, paclitaxcl, could impair
human immunity and thereby inducing drug resistance, which are crucial obstacles preventing cancer
patients from being cured. Our experiments showed that traditional chemotherapeutic drugs, such as
paclitaxel, also greatly impair leucocyte. However, Legutaxel can only be activated in the tumor site,
thus it can avoid damage to immune system that caused by traditional chemotherapeutic drugs. More
importantly, Legutaxel could stimulate an anti-tumor immunization, thus it can be used synergistically

with immune therapy to completely cure cancer.

Although the contents of the invention have been detailedly introduced via the above preferred
Examples, it should be understood that the above descriptions are not intended to limit the subject
invention. From examples of S1 to 827, it can be found that the cleavalge linker that is specifically
activated in tumor microenvironment and is used for targeting a small molecule can be used to link
and activate different compounds. Thus, it is apparent that drugs or compounds at position R, can be
changed or replaced. From the Examples in which R, is H, a hydrophilic group or a targeting group, it
can be found that replacing or changing the group at the R, position is also obvious. Therefore, the

protection scope of the subject invention should be defined by the appending claims.
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‘What is claimed is:

1. A compound of formula (III) or (IV) comprising a cleavable linker, wherein the
cleavable linker is -R,-Rs-Asn-4-aminobenzyl-OC(O)-:

H
R1—R2~R3—Asn—N4©—\ O-Rs
o)
o] (11D);
H
R1—R2-R3—Asn—N4©—\ (HN—Rg
o)
o avy

wherein
R; is selected from the group consisting of 6-male¢imide-Ci.1o alkylcarbonyl,
hydroxylaminocarbonyl-C,.1o alkylcarbonyl, Ci.4 alkoxyl-(C.4 alkoxyl),-Ci.s alkylcarbonyl, and
@]

“fortgonn
@)
R‘GO/R\%?\ R)J\H/ R \/\n/

0]

H

o Z

3

wherein each R is independently a Cy_4 alkylene, and each n is independently any integer
between 1 and 300;

R» is an amino acid moiety selected from the group consisting of Ala, Thr, Val and Ile;

R; is an amino acid moiety selected from the group consisting of Ala, Thr, Val and Asn;

R; links to R; through an amide bond, R; links to Asn through an amide bond, and Asn
links to -NH- through its carbonyl;

Rs is an active moiety of an anticancer drug containing a hydroxyl group (Rs-OH), wherein
the anticancer drug is selected from the group consisting of Camptothecin, 10-Hydroxyl
Camptothecin, Topotecan, Floxuridine, 5'-Deoxy-5-Fluorouridine, Cytarabine, Etoposide,
Fludarabine, Capecitabine, Vincristine, Epothilone B, Paclitaxel and Docetaxel; wherein
Paclitaxel and Docetaxel link to the cleavable linker through the hydroxyl group at position 2
when the anticancer drug is Paclitaxel or Docetaxel;

Rg 1s an active moiety of an anticancer drug containing an amino group (Rs-NH,), wherein
the anticancer drug is selected from the group consisting of Daunorubicin, Epirubicin,

Methotrexate, Fludarabine, Gemcitabine, Cytarabine, Melphalan, Nimustine, Mitoxantrone,

106

Date Regue/Date Received 2022-01-11



Doxorubicin and Mitomycin;
the cleavable linker is characterized in that it is cleavable by contact with an asparagine

endopeptidase,
and the compound is characterized by release of Rs or Rs through a cleavage of the
cleavable linker by contact with the asparagine endopeptidase.

2. The compound of claim 1, wherein R; is selected from the group consisting of Cy_4

alkoxyl-(Ci.4 alkoxyl)n-Ci.6 alkylcarbonyl, and
O

forrgpan

O
R RO R)J\H/ R \/Y
@)

wherein each R is independently a C; 4 alkylene, and each n is independently any integer between

H

o Z

3

1 and 300.

3. The compound of claim 2, wherein each said n is independently any integer between 1

and 150.
4. The compound of claim 1, wherein the compound has a structure as sct forth in any of

the following formulae (V), (VD), (VID), (VIID), and (IX):

HaM._0

o &
“{TD“A“%U“W’JLL‘EHJ T
¢ : NH

H o]
for gy R
8]
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(VI ;

(IX);
wherein
each n is independently any integer between 1 and 300;
Ry is Ala, Thr, Val or Ile; and
R; is Ala, Thr, Val or Asn.

5. The compound of claim 4, wherein each said n is independently any integer between 1
and 150.

6. The compound of claim 1, wherein the compound is selected from the group consisting
of:
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O/\/O\/\O/\/O\/\O/\/O\)J\NH

O/\/O\/\O/\/O\/\O/\/O\)k /V\/\[r \HL

o]

HzN
O/\/O\/\O/\/O\/\O/ /O\ANH ‘ \f Q/\
O/\/O\/\O/\/O\/\O/\/O\)J\ w \‘)LNWNH

NH2

H § = ¢ >
o) N : .
P V\OA[Or j)KHﬁVNH}( N\

,

7. The compound of claim 1, wherein the compound is selected from the group consisting
of:
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S9:
0]
ol
O~ 'N
o N o o
)Lo
Ri~R N ©
S10 2-Rs~NH H HO :
o 0
F
NH HN
;Ny.... o)\N |
N3
R0 0
! NH; o
O ©OH
S11: 0 ;
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S15:

S17:

S18:
wherein, in compounds S7-S15 and S17-S18, R; is 2-(2-methoxyethoxy)acetyl, Ry 1s Thr, R; is

Ala;
o OH o) R1

Rz
seco I
NH, NH
O O OH 0§, 0 O)\/‘Yo
oH NH
HNTO

S19: 0 :
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H Y
O O OH O, O:\NH
O ~on

S20: : ;
0
o
N
N NH
0 ! H
b <N |N4i\F PN -RaRaRs
HG oHl_ o o
! NH,
S21: HO  OH ;
i

S23: o 5
H
N__O
(/::: N-Rs Rz Ry
0.0
5 0% NH,

oH 0 HNMNon

OH O HN -~y OH
S24: H ;

O COOH
N COOH
H

S25: N
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' YoH
s26: O o) ;
cl
y O.__NH, o
R—RyRg-N L N
e 0~ “NH ~"l
07N HoOC
S27: H ;

S28:
wherein, in compounds S19-S28, R; is 2-(2-methoxyethoxy)acetyl, R» and R; are Ala;

O?/sz
[0) o
e
—_R,-R-NH
Ri—Ry R H Ho= Y
S$29-843 represented by a formula ~N

wherein, in compounds S29-843, R; is 2-(2-methoxyethoxy)acetyl, and R, and R; are shown below:

No. of Compound | R, | R;
S29 Thr | Thr
S30 Thr | Val
S31 Thr | Asn
S32 Val | Ala
S33 Val | Thr
S34 Val | Val
S35 Val | Asn
S36 Ile | Ala
S37 Ile | Thr
S38 Ile | Val
S39 Ile | Asn
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Ala

Thr

Asn

Ala

Ala

Ala | Val

Ala

S40
S41
S42
543

S37:

¢
)
¢
)
¢
:
¢
4
¢
)
¢
)

S4°:
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S10°-S24’ represented by formula

which n is 1 and R, and R; are shown as follows:

No. of Compound R» R;

S10° Ala Thr
S1D° Ala Val
S12 Ala Asn
S13° Thr Ala
S14° Thr Thr
S15° Thr Val
S16° Thr Asn
S17 Val Ala
S18’° Val Thr
S19° Val Val
S20° Val Asn
S21 Ile Ala
S22 Ile Thr
S23° lle Val
S24° Ile Asn

SO W
ooy

Al:
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A3:

o
\O/\/O ~"p 0 \/\0/\/0 ~"0 /\/O\/\O 0 \/\O/\/O \)LNH

o H B
H H H
\O/\/OM\o/\/o\/\o/\/oM\o/\/OM\o/\/o\/\o/\/O\)kﬁ/\/\/\’("l\‘)kﬁ/ﬁfm'i
o

Ph._NH

0
O H;N.__O Lo
S T Fsaanely

150
H

H H N
O - N ~ NH
LS G ' entO
A4: o\ o

Al0-A24 represented by formula

HN._0

O
"[”'0‘/%;? \"’) i e, |/u
O B

T
forg Ay A RS
H
[+

, wherein n is 5 and R, and R; are

shown in the following table:

No. of Compound R, R;
AlO Ala Thr
All Ala Val
Al2 Ala Asn
Al3 Thr Ala
Al4 Thr Thr
AlS Thr Val
Alo6 Thr Asn
Al7 Val Ala
Al8 Val Thr
Al9 Val Val
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A20 Val Asn
A21 Ile Ala
A22 Ile Thr
A23 Ile Val

A24 Ile Asn

B1:
B3:

e S N N N W N ’\/O\)LNH
S A
Il

s M N E \/T\YN
H

N N L SN )

B4:

‘fo/\%o\)l\NH

150

toyos oy M
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B10-B24 represented by

in which n, R, and R; are shown as follows:

No. of Compound R» R; n
B10 Ala Thr 5
Bl1l1 Ala Val 5
B12 Ala Asn 5
BI13 Thr Ala 5
B14 Thr Thr 5
BI15 Thr Val 5
Bl16 Thr Asn 5
B17 Val Ala 5
B18§ Val Thr 5
B19 Val Val 5
B20 Val Asn 5
B21 Ile Ala 5
B22 Ile Thr 5
B23 Ile Val 5
B24 Ile Asn 5

HN__O

L

O o] O H : NH H

D2: = :

119

Date Regue/Date Received 2022-01-11



D3:
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Om(l o]
D10-D24 represented by ' ,in whichn, R, and
R3 are shown as follows:

No. of Compound R, R; n
D10 Ala Thr 1
DI1 Ala Val 1
D12 Ala Asn 1
D13 Thr Ala 1
D14 Thr Thr 1
D15 Thr Val 1
D16 Thr Asn 1
D17 Val Ala 1
D18 Val Thr 1
D19 Val Val 1
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D20 Val Asn 1

D21 Ile Ala 1

D22 Ile Thr 1

D23 Ile Val 1

D24 Ile Asn 1
NH,

o : Y o
O~ O~ O~ H - NH’\H/N‘Q_\ )I\ i
- o) o) o) N 07N
AR R )
g NH,
o~ O
o=
E2: NH, ;
E3:

NH,

o - A% )
H : N ) o
/OWO/\/OV\O/VOV\O/VOV\o/\/o\ﬂo/VOV\o/\,(N\‘)kN/ﬁrNH}( \O)LNj(r\N
o H oo ° \7\;\ \

© $ Y\NHZ
o ¢}
(o]
NH,
NH,
_/go
TP W i
[o] N - NH
4 V>3000 o %H/\g/ 0 o NN
o NH;
o~ ©
o=
E4: NH, :
g
0
o] . BBy p ™ ‘m~.—‘ <
’( \/tuf\olr 7Rg M”\K 0 o‘kwg%ﬂ\/
e \ Amﬂr NH?
e
o= MNH
E10-E24 represented by formula ,
in which n, R, and R; are shown as follows:
No. of Compound | R R; n
El10 Ala Thr 1
Ell Ala Val 1

121

Date Regue/Date Received 2022-01-11



El12 Ala Asn 1
EI3 Thr Ala 1
El4 Thr Thr 1
EI5 Thr Val 1
El6 Thr Asn 1
E17 Val Ala 1
EI8 Val Thr 1
El19 Val Val 1
E20 Val Asn 1
E21 lle Ala 1
E22 Ile Thr 1
E23 Ile Val 1
E24 Ile Asn 1

8. The compound of claim 1, wherein R; is Thr, R; is Ala; or R; is Val, R; is Ala; or R is
Ile, Rs is Ala; or both R; and R; are Ala.

9. The compound of claim 1, wherein R; is 2-(2-Methoxyethoxy)acetyl, 6-maleimide

caproyl or N-hydroxylamino-1,8- octandioic acid-1-monoacyl.

10. A pharmaceutical composition comprising the compound of any one of claims 1 to 9 or

a pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier or excipient.

11. A method for preparing the compound of formula (III) or (IV) of claim 1 as follows:

H —
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- OH

(CCLORCO

H —
R1—R2>R3—Asn—N‘<:>—\
\ 4 oM

(CCI50,CO

o— )—No H —
o) 0—\\0

H =
R1*R2'R3*ASI’I*NO—\ Cl
\ 7 O—<

H
R1—R2R;—Asn—N

Oy

o)
0
o RrRz'Rngsan—@f \ /O@NOZ
0 Oj\o

O

H

RSOH | Ry—RyR —Asn—N—’@—\) 0-R
1 3 N 5
> HOB ‘ (A
)

> Rs-NH,

H
Ri—RyRz—Asn—N

0

wherein the preparation of the compound of formula (III) comprises reacting R;-Ry-Rs-
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Asn-4-amino benzyl alcohol with 4-nitrophenyl chloroformate or (CCl:0),CO to form an active
carbonic acid ester bond or chloroformate, and then reacting the active carbonic acid ester bond
or chloroformate with a drug comprising an alcoholic hydroxyl group (Rs-OH) to form the
compound of formula (III), wherein the drug is selected from the group consisting of
Camptothecin, 10-Hydroxyl Camptothecin, Topotecan, Floxuridine, 5'-Deoxy-5-Fluorouridine,
Cytarabine, Etoposide, Fludarabine, Capecitabine, Vincristine, Epothilone B, Paclitaxel and
Docetaxel;

the preparation of the compound of formula (IV) comprises reacting R;-R>-R3-Asn-4-
amino benzyl alcohol with 4-nitrophenyl chloroformate or (CCl:0),CO to form an active
carbonic acid ester bond or chloroformate, and then reacting the active carbonic acid ester bond
or chloroformate with a drug comprising an amino group (Rs-NH>) to form the compound of
formula (IV), wherein the drug is selected from the group consisting of Daunorubicin, Epirubicin,
Methotrexate, Fludarabine, Gemcitabine, Cytarabine, Melphalan, Nimustine, Mitoxantrone,
Doxorubicin and Mitomycin;

wherein Ry, Rz, R3, Rs and Rg are defined as in claim 1.

12. Use of the compound of any of claims 1 to 9 or the pharmaceutical composition of
claim 10 in the manufacture of a medicament for treating or preventing a cancer, wherein the
cancer is a cancer of bladder, brain, breast/mammary gland, cervix of uterus, colon-rectum,
oesophagus, kidney, liver, lung, nasopharynx, pancreas, prostate, skin, stomach, uterus, ovary,

testis or blood.

13. Use of a mitomycin derivative represented by the formula (IX) of claim 4, or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating or

preventing an ophthalmic disease.

14. The use of claim 13, wherein the medicament is used for treating or preventing scar
after healing or choroidal neovascularization, inhibiting macrophage, or treating or preventing

sequelae of corneal transplantation, glaucoma, or pterygium surgery.

15. Use of the compound of any of claims 1 to 9 or the pharmaceutical composition of
claim 10 in the manufacture of a medicament for inhibiting tumor-associated macrophages, tumor
growth, angiogenesis or infiltration and metastasis of tumor cells, and/or promoting anti-tumor

immunization.

16. Use of a therapeutically or prophylactically effective amount of the compound of any
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one of claims 1 to 9 or the pharmaceutical composition of claim 10 for treating or preventing a
cancer, reducing and inhibiting angiogenesis or infiltration and metastasis of tumor cells,
eliminating or inhibiting suppressive immune cells, increasing T cell infiltration in tumor tissue,

inhibiting growth of tumor-associated macrophages, or promoting anti-tumor immunization.

17. The use of claim 16, wherein the suppressive immune cells are tumor-associated

macrophages and T-reg cells.

18. The use of claim 16 or 17, further comprising the use of a radiotherapy or an

immunotherapy simultaneously or successively.

19. The use of claim 16 or 17, for reducing and inhibiting cancer metastasis and

eliminating or curing cancer bone metastasis.

20. The use of claim 16 or 17, wherein the cancer is a cancer of bladder, brain,
breast/mammary gland, cervix of uterus, colon-rectum, esophagus, kidney, liver, lung,
nasopharynx, pancreas, prostate, skin, stomach, uterus, ovary, testis or blood; and the metastasis

of tumor cells is metastasis of the tumor cells to bone.

21. Use of a therapeutically or prophylactically effective amount of a mitomycin derivative
represented by the formula (IX) of claim 4, or a pharmaceutically acceptable salt thereof, for

treating or preventing an ophthalmic discase.

22. The use of claim 21, wherein the mitomycin derivative or the pharmaceutically
acceptable salt thereof is used for treating or preventing scar after healing or choroidal
neovascularization, inhibiting macrophage, or treating or preventing sequelae of corneal

transplantation, glaucoma, or pterygium surgery.

23. The compound of any one of claims 1 to 9 or the pharmaceutical composition of claim
10 for use in treating or preventing a cancer, reducing and inhibiting angiogenesis or infiltration
and metastasis of tumor cells, eliminating or inhibiting suppressive immune cells, increasing T
cell infiltration in tumor tissue, inhibiting growth of tumor-associated macrophages, or promoting

anti-tumor immunization.

24. The compound of any one of claims 1 to 9 or the pharmaceutical composition of claim

10 for use according to claim 23, wherein the suppressive immune cells are tumor-associated
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macrophages and T-reg cells.

25. The compound of any one of claims 1 to 9 or the pharmaceutical composition of claim
10 for use according to claim 23 or 24, further comprising the use of a radiotherapy or an

immunotherapy simultaneously or successively.

26. The compound of any one of claims 1 to 9 or the pharmaceutical composition of claim
10 for use according to claim 23, wherein the cancer is a cancer of bladder, brain,
breast/mammary gland, cervix of uterus, colon-rectum, esophagus, kidney, liver, lung,
nasopharynx, pancreas, prostate, skin, stomach, uterus, ovary, testis or blood; and the metastasis

of tumor cells is metastasis of the tumor cells to bone.

27. The compound of any one of claims 1 to 9 or the pharmaceutical composition of claim
10 for use in reducing and inhibiting cancer metastasis and eliminating or curing cancer bone

metastasis.

28. A mitomycin derivative represented by the formula (IX) of claim 4, or a

pharmaceutically acceptable salt thereof, for use in treating or preventing an ophthalmic disease.
29. A mitomycin derivative represented by the formula (IX) of claim 4, or a
pharmaceutically acceptable salt thereof, for use in treating or preventing scar after healing or

choroidal neovascularization, inhibiting macrophage, or treating or preventing sequelac of corneal

transplantation, glaucoma, or pterygium surgery.
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FIGURES

The anticancer effect of Legutaxel on the HT1080
subcutenous fibrosarcoma model in BALB/c nude mice
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