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(57) Abstract: A pH-sensitive linker having the following Formula (I). Wherein X is (II); P is —C (O) NH- or -C (O0) O-; Q is -R
(CH2CH20) m-, R (-C (O) NH-) z or -R [-C (O) CH2CH2-C (O) NH- (CH2CH20) m] Y; R is a bond, -C1-12alkyl or CI1-
10alkoxy; mis 1 to 12; zis 1 to 4; and Y is 1 to 12. The linker can simultaneously bind metallic nanoparticles and one or more
agents with various molecular size.
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PH-SENSITIVE LINKERS FOR DELIVERING A THERAPEUTIC AGENT

Field of the Invention

(00011 The mvention relates to a hinker that can hink with an agent and 3 nanoparticle.
Particularly, the linker of the mvention is pH-sensttive and can binds to nanoparticles and same
or different species of agents simultaneously.

Backeround of the Invention

(00021 Specfic, efficient delivery of therapeutic and diagnostic compounds to cells,
especially to the cvtosol, 1s a major goal of many pharmaceutical companies. A number of
different approaches have been utilized to increase specificity and uptake. For example,
nanotechnology has been widely used in the development of new strategies for drug delivery and
cancer therapy. PH-sensitive nanc-systems have been developed in which drug release is
specifically triggered by the acidic tumor environment and such systems can improve the
efficiency of cancer treatment. Feng Wnang et a/. develop a drug delivery system by tethering
doxorubicin onto the surface of AuNPs with a poly(ethylene glycol) space via an acid-labile
linkage (American Chemical Society, 2011, Vol. 5, No. 5, pp. 3679-3692). Tian-Meng Sun et af.,
discloses a cancer stem cell therapy using doxorubicin conjugated to gold nanoparticles via
hydrazone bonds (Biomaterials 35, 2014, pp. 836-843). US 2013/0331764 relates to a method
for delivering an anticancer drug into cancer cells by binding the anticancer drug to pH-sensitive
metal nanoparticles 50 as to be separated from cancer cells. WO 2013/139942 provides a
nanoparticle comprising a metal nanoparticle and at least one linker.

[0002] However, there 1s still a need to develop a pH-sensitive delivery system having better
efficacy.

Summmary of the Invention
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[0004] The provides a pH-sensttive linker having the following Formula (1),

X e lCH Mo P o

QL N
\”/ NH,
0

D

wherein

Xis S | -SH, -NH, (Boc-NH-; Fmoc-NH-), -COOH;

nig 1 to6;

P is ~C{OINH- or ~C(0)O-;

Q15 ~R(CHCHO)m-, RC(O)NH-)z or ~R[-C{O}CH,CH,-C(OYNH-(CH,CH,O)mlY;
R 1s a bond,-C . palkyl or Cy_jpalkoxy;

misltol2;

z1s 1 1o 4; and

Yisltol2

[00051 Insome embodiments, the linker has the following formula:
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(Linker I-C{0)O; Linker IIT);

{(HS-Co-linker-I);
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{SH-Cs-linker-I-amide);

(SH-Cs-linker-I-C(GC)O- HS-Cs-linker-11;

(Linker H-amide);
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(Linker 1-C{0)}O-);

(SH-Cs-linker-ll-amide);

(SH-Cs-linker-T-C{0)O-);
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(ppNH-C-linker-H-amide};
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{(ppNH-C-linker-IV-anude): or

{ppNH-C-hnker-IV-C{O)0-).
[0006] The invention also provides a metallic nanoparticle complex, comprising a metallic
nanoparticle complexed with one or more linkers of the mvention, optionally complexed with
one or more PEGs. In one embodiment, the metallic nanoparticle s Au, Pd, Pt or Ag
nanoparticle. In one embodiment, the linker 1s same or different. More preferably, the metallic
nanoparticle complex comprises plural linkers with different molecular length.
[0007] The nvention also provides a composttion comprising one or more metallic
nanoparticle complex linking one or more same of different therapeutic or diagnostic agents and
a pharmaceutically acceptable carner.
[0008] The vention also provides a drug delivery system, comprising one or more metallic
nanoparticle complex hinking one or more same of different therapeutic or diagnostic agents.

Brief Description of the Drawing

[0009] Figures 1 (A) to (C) show anti-HIV-1 p24 antibody {mAb3) conjugated onto gold
nanoparticles (AwLKI-1/mAb-p24) still showed the binding affinity. (A) The absorption
spectrum of Aw/ELKI-1/mAb-p24 complex and Au. The Aw/LKI-1/mAb-p24 complex shows a 2
nm red shift in the plasmon peak. (B) The Aw/LKI-1/mAb-p24 complexes showed fluorescence
by detected with Alexa Fluor 568 secondary antibodies. {C) The ELISA assay was used to
demonstrate the formation of AwLKI-1/mAb-p24 complex , and the binding activity of p24
antigen to compare with that of mAb-p24.

[0010] Figures 2 {(A) to {B) show the absorption spectrum of EGFR {epidermal growth factor

receptor) antibodies conjugated onto gold nanoparticles (AwELKI-1/Ab-EGFR and Auw/LKI-5/Ab-
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EGFR} and Au. (A)The AwLKI-1/Ab-EGFR complex shows a 1 nm red shift in the plasmon
peak. (BYThe AwLKI-5/Ab-EGFR complex shows a 1 nm red shift in the plasmon peak.

[0011] Figures 3 shows the absorption spectrum of Trastuzomab (Tras} antibodies
conjugated onto gold nanoparticles (Aw/LKI-1/Tras) and Au. The Aw/LKI-1/Tras complex shows
a 8 nm red shift in the plasmon peak.

[0012] Figure 4 (A} to {{) show Etanecept (ETA) conjugated onto gold nanoparticles
(AW/LKI-1/ETA) still showed the binding affinity. (A} The absorption spectrum of AwLKI-
I/ETA complex and Au. The AwLKI-1/ETA complex shows a 2 nm red shift in the plasmon
peak. (B} The AwLKI-1/ETA complex showed fluorescence by detected with Alexa Fluor 568
secondary antibodies. (C} TEM images of AwWLKI-I/ETA complex, binding of 1-5 nm gold-
labeled secondary anti-human Ig(z antibodies to ETA located on the Au surface was observed.
[0013] Figure 5 shows the absorption spectrum of AuwLKI-1/Dox complex and Au. The
UV/vis data, the wavelength, shows a 3 nm red shift in AwLKI-1/Dox complex.

[0014] Figure 6 {(A) to (D) show the treatment of MDA-MB-231 breast tumors. (A} Net
arumal weight change (g) during the treatment. From the data, doxorubicin and Aw/LKI-1/Dox
was cause the weight loss over 20% and 3% in nude mice (N=3), respectively. That means
Au/LKI-1/Dox complex in comparison with doxorubicin were much less toxicity in nude mice.
{(B) The ishlibition of MDA-MD-231 breast tamor growth (N=3}) Dox> AwLKI-
1/Dox >Ao/PEG=PBS. (C) TEM umages of MDA-MB-231 breast tumor cells treated with
AWLKI-1/Box complex was easy determined the AwLKI-1/Box complex in the tumor mn
xenograft model. (D) Immunchistochemustry of tumor specimens. Breast tumor specimens were

taken from the mice, embedded n paraffin and staimed with hematoxylineosin. The more
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necrosis was observed m tumor from mice reated with doxorubicin than 1o tumors from mice
treated with AwLKI-1/Dox complex.

Detasled Descrintion of the Invention

(00151 The invention 13 based on at least a discovery of a pH-sensitive linker that can
simultaneously bind metallic nanoparticles and one or more agents with various molecular sizes.
The hinker of the invention can deliver the agents into cells involved in disease processes or close
to cells so that the agents can selectively target and effect on the cells. The target delivery
provided by the linker of the invention can be used for example for disease sensing, imaging,
drug delivery, and therapy.

[0016] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as ts commonly understood by one of ordmary skill in the art. Al patents, applications,
published applications and other publications referenced herein are incorporated by reference in
their entirety unless stated otherwise. In the event that there are pluralities of definitions for a
term herein, those in this section prevail unless stated otherwise.

[00171 The term "antibody” 1s used in the broadest sense and includes monoclonal antibodies
(e.g, full length or mntact monoclonal antibodies), polvclonal antibodies, monovalent, multivalent
antibodies, multispecific antibodies (e.g., bispecific antibodies so long as they exhubit the deswred
hiological activity) and may also include certain antibody fragments {as described m greater
detail heremn). An antibody can be chimeric, human, humanized and/or affinity matured.

[0018] The term "tumor," as used herem, refers to all neoplastic cell growth and proliferation,

whether malignant or bemign, and all pre-cancerous and cancercus cells and tissues. The terms

(1) N fon

"cancer," "cancerous,” "cell proliferative disorder,” "proliferative disorder™ and "tumor" are not

mutually exclusive as referred to herein.
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[0019] The term "cancer," as used herein, refers to the physiological condition in mammals
that 1s typically characterized by unregulated cell growth/proliferation. Examples of cancer
melude, but are not limited to, carcinoma, lymphoma (eg, Hodgkin's and non-Hodgkin's
iymphoma), blastoma, sarcoma, and leukemua, squamous cell cancer, small-cell lung cancer,
non-small cell lung cancer, adenocarcinoma of the fung, squamous carcimoma of the fung, cancer
of the peritoneum, hepatocellular cancer, gastrointestinal cancer, pancreatic cancer, glioblastoma,
cervical cancer, ovarian cancer, hver cancer, bladder cancer, hepatoma, breast cancer, colon
cancer, colorectal cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney
cancer, liver cancer, prosiate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, leukemia
and other lymphoproliferative disorders, and various types of head and neck cancer.

W

[0020] As used herein, the terms "treating," "treatment,” "therapeutic,”" or "therapy" do not
necessarily mean total cure or abolition of the disease or condition.  Any alleviation of any
undesired signs or symptoms of a disease or condition, to any extent can be considered treatment
and/or therapy. Furthermore, treatment may include acts that may worsen the patient's overall
feeling of well-being or appearance.

[00211 An "effective amount” refers to an amount effective, at dosages and for periods of
time necessary, to achieve the desired therapeutic or prophylactic result.

[0022] A "therapeutically effective amount” of a substance/molecule of the invention may
vary according to factors such as the disease state, age, sex, and weight of the individual, and the
ability of the substance/molecule, to elicit a desired response in the individual. A therapeutically
effective amount 15 also one m which any toxic or detrimental effects of the substance/molecule
are outweighed by the therapeutically beneficial effects. A "prophylactically effective amount”

refers to an amount effective, at dosages and for periods of time necessary, to achieve the desired
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prophylactic result.  Typically but not necessarily, since a prophylactic dose 1s used in subjects
prior to or at an earlier stage of disease, the prophylactically effective amount would be less than
the therapeutically effective amount.

[0023] The term "pharmaceutically acceptable salt” refers to a salt of a compound that does
not cause significant irritation to an orgamism to which it 13 admnistered and does not abrogate
the biological activity and properties of the compound.

[0024] In one aspect, the invention provides a pH-sensitive linker having the following

Formula (I},

X == {CH v P oo Q)

ey
wherein

e

X . -5H, ~-NH; (Boc-NH-; Fmoc-NH-), -COOH;

nis o 6;

P is ~C{O}NH- or -C{0)0-;

Q 15 ~R{CHCH:O)m-~, R(-C{OINH-jz or -R[-C{OYCH CH-C{ONH-(CHCH O 1Y,
R 1s a bond,-Cy.zalkyl or Ciealkoxy;

mislttol2;

zis 1 o 4; and

Yisttol2

[0025] Insome embodiments, the linker of the invention has the following formula:
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Ao N A WC{\ BN N
£ T A ;;H MHs
s':gvé\ H '!'CS . ) .
~ {Linker I-amide),
whereinmis 1 to 12,
S
< i
s

Linker I-amide has formula (I) wherein X 1s 577 nisd, Pis C(O)NH. Risabondand Q 15 —
R{CHL,CH;0),-. Preferably, m is an integer of 1 to 6. More preferably, m 15 an integer of 2.

5 [0026] The linkers of Linker I-amide of the present invention can be prepared using methods
known to those skilled in the art in view of this disclosure. For example, the preferred linkers of the

mvention can be prepared as shown in the following schere.

10 (002771 Insome embodiments, the hinker of the invention has the following formula:

{(Linker I-C(0)O; Linker ),
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wheremmis | to 12,

/“‘*xf/
[0028] Linker FC(O)0 (Linker HI) has formmula (I} wherein X i3 <SHS ,nis 4, Pis ~
C(G)YO-, Riis a bond, ¢ 158 ~R{CH,CH,0)y-, and m 15 1 to 12, More preferably, m is an mteger of
2.
[0029] The hinkers of Linker I-C{OC)YD {Linker I} of the present invention can be prepared

using methods known to those skilled in the art in view of this disclosure. For example, the preferred

linkers of the invention can be prepared as shown n the following scheme.

¥

P H
. oo TN \\\ s~.‘”<}§ A ﬁﬁ :
Ok ¥y P

(00301 Insome embodiments, the hinker of the invention has the following formula:

(SH-C;-linker-1),

wheremmis 1 to 12.
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Linker SH-C;-linker-1 has formula (I) wherein X 15 -S8H, n1s 2, Pis —-C{O)NH-, R 15 a bond, Q
15 ~R{CH,CH, O}y, and m1s 1 to 12, More preferably, m 1s an integer of 2.

(00311 The linkers of SH-C;-linker-I of the present invention can be prepared using methods
known to those skilled in the art in view of this disclosure. For example, the preferred linkers of the

mvention can be prepared as shown in the following scheme.

o @]

)Ls“/u\o:-i + O, =DY NS Bl /U\S/\JJ\N/»\/OH

dry CH,Cls, 1t
Y 2hin b

O

O 8]
p-nitropheny! chioroformate, EigN | O, LOL .
dry CH,Cly H |
NGO,

, H
hydrazine i O. .N
“/\\)\N”A\/ m/ “NH,

CH,CL,, 0°C HG

(00321 Insome embodiments, the hinker of the invention has the following formula:

(SH-Cs-linker-I-anude),
wherem mis | to 12,
[0033] Linker SH-Cs-linker-I-amide has formula (I) wherein X 1s -5H, n 5 5, P15 —
C(O)NH-, R 1s a bond, Q 1s -~R{CH,CH, O}, and m 13 1 to 12. More preferably, m is an integer

of 2.
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[0034] The hnkers of SH-Cs-linker-I-amide of the present invention can be prepared using
methods known to those skilied in the art in view of this disclosure. For example, the preferred

linkers of the invention can be prepared as shown in the following scheme.

O
EDC, NHS, Bl

O
H
A OH , HO N, N
: + 300 \v//\
S/\/\/\]/ \’/\NHZ R S/\\/\\/\r OH
G

O

NO
p-nitrophenyi chioroformate, ELN 9 H Q ©/ ’
, ) =i )&\SWNM\O/U\O

dry CHQCE_Q i
O
H i
hydrazine HS/\\/V\’I/N\/NQ/L\NH
CH,Cl, 0°C | i
O NH,

(00351 Insome embodiments, the linker of the invention has the following formula:

{SH-Cs-linker-I-C(030-; SH-Cs-

linker-11F),

wherein mis 1 to 12,
[0036] SH-Cs-linker-I-C(O)0- (SH-Cs-linker-111) has formula (I} wherein X is -SH, n 15 5, P
1s <C(0)0-, R 1s a bond, Q 15 R{CH,CH,O)p~, and m 15 1 to 12, Preferably, m is an integer of 1

to 6. More preferably, m ts an integer of 2.
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[0037]1 The linkers of SH-Cs-linker-I-C(0)0-~ (SH-Cs-linker-TH) of the present invention can
be prepared using methods known to those skilled in the art in view of this disclosure. For example,

the preferrad linkers of the invention can be prepared as shown in the following scheme.

5

5 (00381 Insome embodiments, the linker of the invention has the following formula:

{(ppNH-C-linker-T-amide),
wherein pp 15 a protecting group {such as Boc or Fmoc); and mis 1 10 12,
[0038] NH-Ci-hnker-I-amide has formula (I) wherein X 1s pp-NH-; pp 15 a protecting group
{such as Boc or Fmoc), nis 1, Pis ~<C(O)NH-, R is a bond, Q 15 -R{CH,CH;0}-, and m s 1 1o
10 12. Preferably, m 1s an integer of 1 to 6. More preferably, m is an integer of 2.
[00401 The linkers of NH,-C;-hinker-I-amide of the present invention can be prepared using
methods known 1o those skilled in the art in view of this disclosure. For example, the preferred

linkers of the invention can be prepared as shown n the following scheme.
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[0041] Insome embodiments, the hinker of the invention has the following formula:

pp T e g e Bl R
T {ppNH-C-linker-1-C(3Y0-; NH,-Ci-linker-HE-C(G)0-),

wherein

PP is a protecting group (such as Boc or Fmoc); and

misito 12

[0042] ppNH-C-linker-I-C{O)O- (ppNH-C;-linker-HI-C(0)0-) has formula {I) wherein X 1s
pp-NH- {pp 15 a protection group such as Boc or Fmoc), nis 1, Pis <C(0)0-, Ris a bond, Q 15 —
R{CH,CH, O}, and m 15 1 to 12, Preferably, m is an integer of 1 to 6. More preferably, m is an
mteger of 2.

[0043] The linkers of ppNH-C-linker-I-C{0)0- (ppNH-C,-linker-TIT-C{0)0-) of the present
mvention can be prepared using methods known to those skilled in the art in view of this disclosure.

For example, the preferred linkers of the invention can be prepared as shown in the following scheme.
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(00441 Insome embodiments, the linker of the 1nvention has the following formula:

o _‘ o
{ E_i % 7
Y A w”’f‘m’h?:f*"“‘éﬁ*‘kr«%’m
S A H
S”M E

(Linker H-amide),
wheremn z1s | to 4.
[0045] Linker H-amide has formula (I} wherein X 13 §-S .nis4 Pis -C{OINH-, Risa
bond, Q 15 R(-CH,C{O)NH-)z, and z1s | to 4 More preferably, z is an integer of 3.
[0046] The linkers of Linker II-amide of the present invention can be prepared using methods
known to those skilled in the arl in view of this disclosure. For example, the preferred linkers of the

invention can be prepared as shown in the following scheme.
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(00471 Insome embodiments, the linker of the invention has the following formula:

O G
N ¢ By . 3
P i s e M) ;‘M‘S"u‘ N
\ﬁvr;;.\-\ é f:} . H

(Lanker II-C(G)Y0-),

5 wherein z1s 1 to 4.

7
[0048] Linker II-C(O)0- has formula (I} wherein X 15 5% ,ni84, Pis C{(O)O-,Risa

bond, Q i1s R(—CH,C(O)NH-)z, and z 15 1 to 4. More preferably, z 1s an integer of 3.
[0049] The hinkers of Linker II-C(O)O- of the present invention can be prepared using methods
known 1o those skilled in the art in view of this disclosure. For example, the preferred linkers of the

10 mvention can be prepared as shown in the following scheme.



WO 2017/012568 PCT/CN2016/090893

18

:
in e I v
N | o P N s s

o ST 3 Poraany 3 i s g 3 x
P B - N

B Mo B e

o

ERME WHE BN

dry OHaRe 1

s
R T ,.”s e
Pl o o kg &
% 4
£y :
oo
o]
oy N 2
I s I
3 e B
Sl N S A~ S R o
T Tt e N R TN
g o P n ~ oy ES
N
H

(00501 Insome embodiments, the linker of the invention has the following formula:

(SH-Cs-hnker-H-arnide},

wherein z s 1 to 4.

(00511 SH-Cs-linker-T-amide has formula (1) wherein X 13 -8SH, n1s 5, Pis -C{O)NH-,R s a
bond, (¢ 15 RC-CH,C(O)NH-)z, and z 15 1 to 4 More preferably, z 1s an integer of 3.

(00521 In other embodiment, n 1s 2. The hinkers of SH-Cys-linker-Tl-amide of the present
mvention can be prepared using methods known to those skilled in the art in view of thus disclosure.

For exaruple, the preferred linkers of the invention can be prepared as shown in the following scheme.
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(00531 Insome embodiments, the linker of the 1ovention has the following formula:

(SH-Cs-lnker-H-C(O)Y0-)
wherein zis | to 4.
[0054] SH-Cs-linker-II-C{O}0- has formula (I} wherein X i1s CH3C{0)8-, n 15 5, P is ~
C(O)Y0-, Ris a bond, Q 1s R(-CH,C(O)NH-)z, and zis | to 4. More preferably, z is an iteger of
3
[0055] In other embodiment, n s 2. The linkers of SH-Cys-linker-TI-C{0G)0O- of the present
mvention can be prepared using methods known to those skilled in the art in view of this disclosure.

For example, the preferred linkers of the invention can be prepared as shown in the following scheme.
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[0056] Insome embodiments, the linker of the invention has the following formula:

{(ppNH-Cy-hinker-IT-amide),
wherein pp is a protection group {such as Boc or Fmoc); and
5 zisltod
[0057] ppNH-C-linker-Tl-amide has formula (I} wherein X 13 pp-NH-, pp is a protection
group {such as Boc or Fmoc), n1s 1, Pis ~C{O}NH-, R s a bond, Q@ 1s R(-C{ONH-}z, and 215 1
to 4. More preferably, z ts an integer of 3.

[0058] The linkers of ppNH-C;-linker-II-amide of the present invention can be prepared using

-
=]

methods known to those skilled in the art in view of this disclosure. For example, the preferred

hinkers of the invention can be prepared as shown in the following scheme.
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[00588] Insome embodiments, the hinker of the invention has the following formula:

{(ppINH-C-linker-{1-C(0}0-),
wherein pp is a protection group {such as Boc or Fmoc); and
zis 1 to 4
[0060]1 ppNH-C;-linker-TI-C(0)0- has formula (1) wherein X 15 pp-NH-; pp 15 a protection
group (such as Boc or Fmoc), nis 1, P1s —C(0)0-, Ris a bond, Q 1s R(-C(O)NH-)z, and z 13 1 to

4. More preferably, z is an integer of 3,
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[0061] The linkers of ppNH-Ci-linker-II-C(O)0- of the present invention can be prepared

using methods known o those skilled in the art in view of this disclosure. For example, the preferred

linkers of the invention can be prepared as shown in the following scheme.
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[00621 Insome embodiments, the linker of the 1ovention has the following formula:

N ?f“"\\-._«-""\"\,\, j.ll-\ﬂwe.f-\\f‘.{}' A /J‘L\ -
% 1
i H i

o

{Linker IV-amide),

wherein Yis 1 to 12.
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[0063] Linker [V-amide has formula (I} wherein X 15 S ,nis 4, Pis ~C{O)NH-, R 15 -

CH,CH,O-, G 18 —R{[-C(OYCH, CH-C(ONH-(CHCH, Oy, mis 3and Yis 1to 12, Preferably,

mis2and Yis 2

[0064] In other embodiment, m 1s 1-12. The linkers of Linker [V-amide of the present
5 mvention can be prepared using methods known to those skilled in the art in view of this disclosure.

For example, the preferred linkers of the invention can be prepared as shown in the following scheme.
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[0065] Insome embodiments, the linker of the invention has the following formula:

: . - 0 B Y, - o ) £
f&/f \’g’“\.ﬁ‘”"‘w’“ﬁ\{}” E‘w}‘:}tﬁ i "‘wfu\' N \"w-"g‘%f“ \“sf_’f \w’”‘}\.}ﬂ" N “hH.
¢ ) ” s R
Seg 3 H 8]

10 {Lanker IV-C{O)0-},

wherein Yis 1o 12,



WO 2017/012568 PCT/CN2016/090893

K/Y/

N,

[00668] Linker IV-C{O)(- has formula (I} wherein X 15 §-S ,nis 4, Pis ~-C(OH0-, R1s -

CH,CH,0-, Q 15 ~R[-C{OYCH2CH2-C(OMNH-(CH,CH, Oy, mis 3 and Y is 1 to 12. More

preferably, Y 1s an integer of 2.

[0067] In other embodiment m 15 1-12. The hinkers of Linker IV-C{0}O- of the present
5 mvention can be prepared using methods known to those skilled in the art in view of this disclosure.

For example, the preferred linkers of the invention can be prepared as shown in the following scheme.
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[0068]1 Insome embodiments, the hinker of the invention has the following formula:
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(SH-Cs-linker-IV-amide),
wherein Yis 1 to 12,
[0069] SH-Cs-linker-IV-amide has formula (I} wherein X 15 CH3C(O)S-, n 15 5, P 15 —
5  C(ONH-, R 18 ~-CHCH,0-, (@ 15 -R[-C(OYCH2CH2-COINHA(CH,CHLO vy, mis 3and Yis |
to 12, More preferably, Y 1s an mnteger of 2.
(007071 In other embodiments, n1s 2 or 5 and m 1s 1-12. The linkers of Linker SH-C,.5-
finker-1V-amude of the present invention can be prepared using methods known to those skilled in

the art in view of this disclosure. For example, the preferred linkers of the invention can be prepared

-3
<
<

as shown in the following scheme.
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(00711 Insome embodiments, the linker of the 1ovention has the following formula:

(SH-Cs-linker-IV-C(0)0-),
wherein Yis 1to 12,
(00721 SH-Cs-linker-IV-C(0)0- has forroula (1) wherein X 15 CHAC(O)5-, 0 15 5, P 15 —
C(O)YO-, R 15 -CHYyCH0-, Q 15 —RI-C(OYCH2CH2-C{O)NH-{CH,CH:O)plv. mis 3and Yis L to
12, Preferably, Y 15 an mteger of 1 to 6. More preferably, Y is an mteger of 2.
[C073] In other embodiments, nis 2 or 5 and o 1s 1-12. The linkers of HS-C) s-linker-IV-
C{OYO- of the present invention can be prepared using methods known to those skilled in the art in
view of this disclosure. For example, the preferred linkers of the invention can be prepared as shown

in the following scheme.
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[00741 Insome embodiments, the hinker of the invention has the following formula:
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{(ppNH-C-linker-IV-anude),

wherein pp 1s a protection group (such as Boc or Froc),; and Yis § to 12,
[0075] ppNH-C-linker-1V-amide has formula (I} wherein X is pp-NH-, pp 1s a protecting

group (such as Boc or Fmoc}, nis 1, P 1s ~C{(O)NH-, R 15 -CH,CH,O-, @ 1s -R[-C(OYCH2CH2-

5

C{ONH-(CHYCH, 040y, mis 3and Yis 1 to 12. More preferably, Y is an integer of 2.

[0076]1 In other embodiments, m is 1-12. The hinkers of ppNH-Ci-linker-IV-amide of the

present mvention can be prepared using methods known to those skilled in the art in view of this

disclosure. For example, the preferred linkers of the invention can be prepared as shown in the

10 following scheme.
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(00771 Insome embodiments, the linker of the invention has the following formula:

a B o
" -“':g%\"\»!"}E\igg‘v\l*‘(\'\vr":;‘){‘ A‘-.-:v'\j\‘ﬁ;.ig\ & ;,v\\»\;l\;_.\:‘}\"'1\“‘;}\:\:\#\("5\'\,\\‘4‘?v X
o ¥R T 3§ o :
{.} N . . - - —
{(ppNH-C;-hinker-1V-
COY0-),

wherein pp is a protection group {such as Boc or Fmoc); and Yis 1 to 12,

[0078] ppNH-C-linker-IV-C(0)0- has formula {I) wherem X i1s pp-NH-; pp is a protection
group {(such as Boc or Fmoc), n s 1, P s -C(0)0-, R 15 -CH,CH,O-, Q 158 —R[-C(OYCH2CH2-
C{ONH-(CHyCH,O0uwlv, m1s 3 and Yis 1 to 12, More preferably, Y 1s an integer of 2.

[0079] In other embodiments, m 1s 1-12. The linkers of ppNH-C;-hnker-IV-C{O)YO- of the
present mvention can be prepared using methods known to those skilled in the art in view of this
disclosure. For example, the preferred linkers of the invention can be prepared as shown in the

following scheme.
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[00801 In another aspect, the mvention provides a metallic nanoparticle complex, comprising
a metallic nanoparticle complexed with one or more linkers of the invention, optionally
complexed with one or more PEGs.

[0081] Inone embodiment, the metallic nanoparticle 1s Au, Pd, Pt or Ag nanoparticle.
[0082] In one embodiment, the linker 15 same or different. More preferably, the metallic
nanoparticie complex comprises plural linkers with different molecular length. The linkers with
different molecular length can bind different therapeutic or diagnostic agent depending on the
requirement on a target cell or disease to be treated or diagnosed. The linker links to the metallic
nanoparticle through the sulfur atoms of 1,2-dithiolane group or -SH group in the linker.

(00831 In one embodiment, the molecular weight of PEG used in the invention ranges from
about 2000 to 20,000 Da; preferably, 2000 to 5000. PEGylation may also be used, in some cases,

to decrease charge interaction between a linker or a nanoparticle and a biological moiety, e.g., by
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creating a hydrophilic layer on the surface of the linker or nanoparticle, which may shield the
polymer from interacting with the biological moiety.  In some cases, the addition of
poly{ethylene glycol) repeat units may mcrease plasma half-life of the polymeric conjugate, for
mstance, by decreasing the uptake of the polymeric conjugate by the phagocytic system while
decreasing transfection/uptake efficiency by cells. Those of ordinary skill in the art will know of
methods and techniques for PEGylating a polymer, for example, by using EDC (1-ethyl-3-(3-
dimethvlaminopropyl) carbodiimide hydrochloride) and NHS{N-hydroxysuccimimide} to react a
polymer to a PEG group termunating i an amine, as discussed in the examples below, by ring
opening polvmerization techniques (ROMP), or the like.

[0084] In another one embodiment, the metallic nanoparticle s in a size less than about 100
nm, preferably, less than 80 nm.

[0085] In some embodiment, the metallic nanoparticle complex further links one or more
same of different therapeutic or diagnostic agents. Preferably, the therapeutic agent is anti-tumor
drug or an antibody. Preferably, the antibody is an antibody targeted to an antigen specific
expression in cell surface such as tumor cells; more preferably, the antibody 1s possessed a
targeting, recognizing, and anti-tumor cell antibody.

[0086] In some embodiments, the anti-tumor drug 18 an anti-cancer drug or anti-cancer
antibody useful in the treatment of cancer. Examples of anti-cancer drugs mnclude alkylating
agents such as thiotepa and cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan
and piposulfan; azindines such as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and  methylamelamines  including  altretamine,  trniethylenemelamune,
trietylenephosphoramide, triethivlenethiophosphoramide and trimethylolomelamine; acetogening

{especially bullatacin and bullatacinone); delta-9-tetrahydrocannabinol (dronabinol}, beta-
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lapachone; lapachol, colchicines, betulinic acid; a camptothecin (including the synthetic
analogue topotecan, CPT-11 (irinotecan), acetylcamptothecin, scopolectin, and 9-
aminocamptothecin); bryostatin, callystatin, CC-1065 (including its adozelesin, carzelesin and
bizelesin synthetic analogues); podophylotoxin; podophyllinic acid; teniposide; cryptophycins
(particularly cryptophycin 1 and cryptophyvein 8}, dolastatin, duccarmycin {including the
synthetic analogues, KW-2189 and CBI-TM1}, eleutherobin; pancratistatin, a sarcodictyin;
spongistatin; nitrogen mustards such as chiorambucil, chlornaphazine, cholophosphamide,
estramusting, ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard, nitrosureas such as
carmustine, chiorozotocin, fotemustine, lomustine, nimustine, and ranimnustine; anfibiotics such
as the enedivne antibiotics (e.g., calicheamicin, especially calicheamicin gammall and
calicheamicin omegall (see, e.g., Agnew, Chem. Intl. Ed Engl, 33: 183-186 (1994)); dynemicin,
mcluding dynemicin A an esperamicin; as well as neocarzinostatin chromophore and related
chromoprotein enediyne antiobiotic chromophores), aclacinomysins, actinomycin, authramycin,
azaserine, bleomycins, cactinomyein, carabicin, caminomycin, carzinophilin, chromomycinis,
dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin (including
morpholino-doxorubicin, cyanomorpholino-doxorubicin, Z-pyrrolino-doxorubicin - and
deoxydoxorubicin), epwrubicin, esorubicin, darubicin, marcellomycim, outomycing such as
mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin,
puromycin, gquelamyein, rodorubicin, streptonmignin, streptozocin, tubercidin, ubenimex,
zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (S-FUY; folic acid
analogues such as denopterin, methotrexate, pteroptern, trimetrexate; purine analogs such as

fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidineg analogs such as ancitabine,
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azacitidine, 6-azauridine, carmofur, cytarabine, dideoxvunidine, doxifluridine, enocitabine,
floxuridine; androgens such as calusterone, dromostianolone propionate, epitiostanol,
mepitiostane, testolactone; anti-adrenals such as aminoglutethimide, mitotane, trilostane; folic
acid replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside; ammnolevulinic
acid; entluracil; amsacrine; bestrabucil, bisantrene; edatraxate; defofamine; demecolcine;
diaziquone; elformithine; elliptinium acetate; an epothilong; etoglucid; gallium  nitrate;
hydroxyurea, lentinan, lomdainine; maytansinoids such as maytansine and ansamitocing,
mitoguazone, mitoxantrone, mopidanmol; nitraerine, pentostatin, phenamet; pirarubicin;
losoxantrone; 2-ethyihydrazide; procarbazine; polysaccharide complex (JHS Natural Products,
Eugene, Oreg. ). razoxane; rhizoxin, sizofuran; spirogermanium; tenuazonic acid; triaziquone;
2,2' 2"4richlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A, roridin A and
anguidine); wurethan; vindesine; dacarbazine; mannomustine; mutobronitol; mitolactol;
pipobroman; gacytosine; arabinoside ("Ara-C"); thiotepa; taxoids, e.g., paclitaxel (Bristol-Myers
Squibb  Oncology, Princeton, N.IJ), Cremophor-free, albumin-engineered nanoparticle
formulation of paclitaxel {American Pharmaceutical Pariners, Schaumberg, Ti1), and doxetaxel
{Rhone-Poulenc Rorer, Antony, France), chloranbucil gemcitabine;, 6-thioguanine;
mercaptopuring; methotrexate; platinum analogs such as cisplatin and carboplatin; vinblastine;
platinum; etoposide {(VP-16); fosfamide; mutoxantrone;, vincristine, oxaliplatin; leucovovin;
vinoretbine;, novantrone; edatrexate; daunomycin, anunopterin, ibandronate; topoisomerase
mhibitor RFS 2000; difluoromethylomithine (DMFQO); retinoids such as retinoic acid;
capecitabine; pharmaceutically acceptable salts, acids or derivatives of any of the above; as well

as combinations of two or more of the above such as CHOP, an abbreviation for a combined
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therapy of cyclophosphamide, doxorubicin, vincristine, and predunisolone, and FOLFOX, an
abbreviation for a treatment regimen with oxaliplatin combined with 5-FU and leucovovin,
[0087] The amount of an anti-cancer drug present in the nanoparticle can vary over a wide
range. In some embodiments, the nanoparticle can include an amount of the anticancer drug in
the range of about 1% to about 50% (weight/weight} based on the mass ratio of the anticancer
drug to the nanoparticle. In other embodiments, the nanoparticle can include an amount of the
anticancer drug in the range of about 5% to about 40% (weight/weight} based on the mass ratio
of the anticancer drug to the nanoparticle. In still other embodiments, the nanoparticle can
mclude an amount of the anticancer drug in the range of about 10% to about 30%
(weight/weight). In vet still other embodiments, the nanoparticle can include an amount of the
anticancer drug in the range of about 1% to about 10% (weight/weight), about 1% to about 5%
(weight/weight), about 3% to about 10% (weight/weight), about 10% to about 20%
(weight/weight), about 15% to about 35% (weight/weight}, about 30% to about 40%
(weight/weight) and the like, based on the mass ratio of the anticancer drug to the panoparticle.
In some embodiments, the nanoparticle can include an amount of the anticancer drug n about
20% (weight/weight) based on the mass ratio of the anticancer drug to the nanoparticle. In other
embodiments, the nanoparticle can mclude an amount of the anticancer drug of 5%
{weight/weight}, about 10% (weight/weight) 15% (weight/weight), about 25% {weight/weight),
about 30% (weight/weight} and the like based on the rmass ratio of the anticancer drug to the
nanoparticle.

[0088] Some embodiments described herein relate to a composition that can comprise ong or
more metallic nanoparticle complex linking one or more same of different therapeutic or

diagnostic agents and a pharmaceutically acceptable carrier. The pharmaceutical composition
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facilitates admumstration of a metallic nanoparticle complex linking one or more same of
different therapeutic or diagnostic agents to an orgamism. Multiple techniques of adminstering a
compound exist in the art including, but not lumited to, oral, injection, aerosol, parenteral, and
topical admunustration.
[008%] Some embodiment described heremn relate to a drug delivery system, comprising one
or more metallic nanoparticle complex linking one or more same of different therapeutic or
diagnostic agents.
[0080] Multiple technigues of administering a metallic nanoparticle complex linking one or
more same of different therapeutic or diagnostic agents exist in the art including, but not limited
to, oral, rectal, topical, aerosol, injection and parenteral dehivery, mchluding intramuscular,
subcutaneous, intravenous, intramedullary injections, intrathecal, direct intraventricular,
ntraperitoneal, intranasal and intraccular injections.

Lxample
Example 1  Preparation of Linker I-amide
[0081]1 Step 1. The ethanolamine (128 ¢, 1.05 eq) and Lipoic acid(4.13 g, 1.0eq) were
dissolved in 80 mL DCM, and EDC-HCI (4.98¢g, 1.3 eq), hydroxysuccimnude (NHS)2.30g, 1.0
eq) and triethylamine (6.4 mlL, 2.3 eq) were slowly added. The reaction was carried out at room
temperature for at least Shrs and the reaction was followed by TLC. Subsequently, the mixture
was quenched by adding ddH,;0, and was extracted 2-3 times with DCM. The organic layver was
collected, dried with anhydrous magnesium sulfate, filtered with MgS04 and then removal of
DCM. The extract 1s purified with the column by using DUCMMeOH = 9.8 0.2, The product

was a pale yellow hiquid. Yield: 4.04 g; 81.0 %.
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[0092] Step 2. The 4-nitrophenyl chloroformate (3.35 g, 1.15 eq) was placed in two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to mitrogen device and 60 mL
D{M was added with a syringe. The weighted Step 1 Product 1 was dissolved with 10-15mL
DCM, mmygected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 ml, 2.3 eq). The reaction was carried out in an iwce bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH,0, and was extracted 3 times with DCM. The organic layer was collected, dried
with anhydrous magnesium sulfate, filtered with MgSOy and then removal of DCM. The extract
15 purified with the column by using EtOAc:Hex:MeQOH = 1:1. 0.2. The product was a pale
vellow liquid. After purification yield: 51.6 %.

[0083] Step 3. The weighted Step 2 Product 2 (3.5 g, 1.0 eq) was dissolved in 120 mL
DCM, and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eq). The reaction was
carried out at room temperature for about 24 hrs. The solution color turned from pale vellow to
orange. After completion of the reaction, the mixture was quenched by adding ddH,0, and was
extracted 2-3 times with DCM. The organic laver was collected, dried with anhvdrous
magnesium sulfate, filtered with MgSOy and then removal of DCM. The extract was purified
with the column by using DCMiMeOH = 9.5: 0.5, In this step, the product was stuck in the
column and the Me(OH can be mcreased to 5% to elute the final product. The product was a pale

vellow sticky solid.  After purification yield: 19.5 %,
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[0094] Linker I-1 (Linker I-amide, m=2). “H{4008Hz)5123-1.31(2H, m), 1.40-1.51(3H,
mj), 1.57-1.64(1H, m}, 1.78-186(1H, m), 2.05(2H, t), 2.32-2.39(1H, m), 3.01-3.18 (4H, m),
3.39(2H, 1), 3.52-3.57(3H, m), 4.03-4.19(4H, m), 7.94(1H, s), 8.14(1H, s}. PC(100MHz)525.9,
29.0, 348, 36,1, 389, 39.5, 409, 572, 64.7, 69.3, 69.6, 1595, 1749 ppm. H-Mass (m/z):
{(M+Na) =374.1171
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Linker -2 (Linker I-amide, m=1). '"H{300MHz)51.30-1.38(2H, m), 1.45-1.57(3H, m), 1.60-
L72(1H, m), 1.80-1.92(1H, m}, 2.06(2H, s}, 2.36-2.46(1H, m), 3.07-3.24(4H, m}, 3.56-3.65(1H,
m), 3.95(2H, 1), 4.02(2H, s), 7.88(1H, 1), 8.11(1H, 5). PC(100MHz)525.6, 28 8, 34.6, 35.9, 38 8,
39.4,40.7,56.9,63.7, 163.8, 174 3ppm. H-Mass (m/z): (M+Na) = 330.0894,.
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[0025] Linker I-3(Linker I-amide, m=3). 3,&1(3@@1‘%@,—&)81.304 37(2H, m), 1.45-1.57(3H, m},
1.60-1.72(1H, m}, 1.80-1.91(1H, m), 2.06{2H, 1), 2.35-2.46(1H, m}, 3.07-3.23(4H, m}, 3.39(2H,
£, 3.47-365(7H, m), 4.02(2H, ), 4.05-408(2H, m), 7.84(1H, 1), 81I8(1H, s)
BC(100MHz)325.7, 28.9, 34.7, 35.9, 38.8, 39.4, 40.7, 60.0, 64.4, 69.4, 69.6, 70.1, 70.3, 159.2,

174 2ppm. H-Mass (m/z): (M+Na) =418.1466.
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[0096] Linker I-4 (Linker I-amide, m=4). 'H{300MHz)51.30-1.38(2H, m), 1.45-1.57(3H,
ny, 1.60-1.72(1H, m), 1.80-1.91(1H, m), 2.06(2H, t), 2.36-2.46(1H, m), 3.07-3.23(4H, m),
3.39(2H, 1), 3.49-3.65(11H, ny, 4.02(ZH, s), 405-4.08(2H, m), 7.83(1H, 1), 8.18(IH, s).
BCO100MHz)5325.7, 28.9, 34,7, 35.9, 38.8, 39.4, 40.7, 56.9, 64.4, 69.4, 69.6, 70.2, 70.3, 70.4,

159.2, 174.1ppm. H-Mass (m/z): (M+Na) =440.1875,
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[0097] Linker I-5 (Linker I-amide, m=5). 'H{300MHz)51.30-1.38(2H, m), 1.45-1.57(3H,
ny, 1.60-1.69(1H, m), 1.80-1.91(1H, m), 2.06(2H, t), 2.36-2.46(1H, m), 3.07-3.23(4H, m),
3.39(2H, 1), 3.51-3.62(19H, ny, 4.02(ZH, s), 4.05-4.08(2H, m), 4.83(1H, 1), 8.18(IH, s).
BO(100MHZ)525.9, 29.0, 34.8, 36.1, 39.0, 39.4, 40.9, 57.2, 64.8, 69.5, 69.7, 70.3, 70.4, 70.5,

159.5, 174.8ppm. H-Mass (mvz): (M+Na) =550.2234

4]

Example 2  Preparation of Linker FC(OH0

[0028] Step 1. The ethylene glycol (1.30 g, 1.05 eq) and Lipoic acid{4.13 g, 1.0 eq} were
dissolved i 80 mL D{M, and N, N'-Dicyclohexylcarbodiimide (DCC) (536 ¢, 1.3 eq), 4-
{Dimethylamino)pyridine {(DMAP) (0.24 g, 0.1 eq} and triethylamine (6.4 mb, 2.3 eq) were
slowly added. The reaction was carried out at room temperature for at least S hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH,;0, and
was extracted 2-3 times with DCM. The organic layer was collected, dried with anhydrous

magnesium sulfate, filtered with MgSQ, and then removal of DCM. The extract is purified with
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the columm by using DCMMOH = 9.8: 0.2. The product was a pale yellow liguid. Yield: 4.00 g;
80.5 %,

[009%] Step 2. The 4-nitrophenyl chloroformate (3.35 g, 1.15 eq} was placed m two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to mitrogen device and 60 mL
D{M was added with a syringe. The weighted Step 1 Product 1 was dissolved with 10-15 mL
DCM, imjected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 mL, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH,0, and was extracted 2-3 times with DCM. The organic laver was collected, dried
with anhydrous magnesium sulfate, filtered with MgSQy and then removal of DCM. The extract
15 purified with the column by using EtOAcHex:MeOH = 1:1: 02, The product was a pale
vellow liquid. After purification yield: 50.6 %.

[00100] Step 3. The weighted Step 2 Product 2 (3.5 g, 1.0 eq) was dissolved in 120 mL
DCM, and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eq). The reaction was
carried out at room temperature for about 24 hrs. The solution color turned from pale vellow to
orange. After completion of the reaction, the mixture was quenched by adding ddH,0, and
extracted 2-3 times with DCM. The organic laver was collected, dried with anhvdrous
magnesium sulfate, filtered with MgSQO, and then removal of DUM.  The extract was purified
with the column by using DCMIMeOH = 9.5: 0.5, In this step, the product was stuck mn the
column and the Me(OH can be mcreased to 5% to elute the final product. The product was a pale
vellow sticky sohid. After purification yield: 18.5 %.

Example 3  Preparation of H5-Cr-linker-T-amide
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[00101] Step 1. The ethanolamine(1 28 g, 1.05 eq) and 3-{Acetylthio)propionic acid (2.96
g.1.0 eq } were dissolved in 80 mL DCM, and EDC HCI {(4.98g, 1.3 eq), hydroxysuccinimide
(NHS¥2.30g, 1.0 eq) and tricthylamune (6.4 mL, 2.3 eq) were slowly added. The reaction was
carrted out at room temperature for at least Shrs and the reaction was followed by TLC.
Subsequently, the mixture was quenched by adding ddH,(, and was extracted 2-3 times with
D{CM. The organic layer was collected, dried with anhydrous magnesium sulfate, filtered with
MgSOy and then removal of DUM. The extract is purtfied with the column by using
DM MeOH = 9.8: 0.2. The product was a pale vellow liquid. Yield: 410 g; 70.0 %.

(001027 Step 2. The 4-nitrophenyl chloroformate (3.35 g, 1.15 eq) was placed in two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to nitrogen device and 60 mL
D{M was added with a syringe. The weighted Step 1 Product 1 was dissolved with 10-15 mL
DCM, injected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 mi, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH,0, and was extracted 2-3 times with DCM. The organic layer was collected, dried
with anhydrous magnesium sulfate, filtered with MgSOy and then removal of DCM. The extract
15 purified with the column by using EtOAcHexMeOH = 1:1: 0.2, The product was a pale
vellow higpund. After purification vield: 48.6 %.

[00103] Step 3. The weighted Step 2 Product 2 (3.5 g, 1.0 eg) was dissolved in 120 mL
DCM, and then slowly added with Hydrazine hydrate (6.5 ml, 10.0 eq). The reaction was
carrted out at room temperature for about 24 hrs. The solution color tumed from pale vellow to
orange. After completion of the reaction, the mixture was quenched by adding ddH0O, and

-

extracted 2-3 times with DCM. The organic layer was collected, dried with anhvdrous
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magnesium sulfate, filtered with MgS80, and then removal of DCM. The extract was purified
with the column by using DCM:MeOH = 9.5 0.5, In this step, the product was stuck 1o the
column and the MeQOH can be increased to 3% to elute the final product. The product was a pale
vellow sticky sohid. After purification yield: 19.0 %.

FExample 4 Preparation of HS-Cs-linker-I-amide

[00104] Step 1. The ethanolamine{1.28 g, 1.05 eq) and 6-Acetvithiohexanoic acid (3.81 g,1.0

eq) were dissolved in 80 mL DCM, and EDC HCE {4.98g, 1.3 eq), hydroxysuccinimide
(NHS¥2.30g, 1.0 eq) and triethylamine (6.4 mL, 2.3 eq) were slowly added. The reaction was
carried out at room temperature for at least 5 hrs and the reaction was followed by TLC.
Subsequently, the mixture was quenched by adding ddH,0, and was extracted 2-3 times with
DCM. The organic layer was collected, dried with anhydrous magnesium sulfate, filtered with
MgSQy and then removal of DCM. The extract s purified with the column by using DCMMOH
=9.8: 0.2, The product was a pale vellow liquid. Yield: 3.85 g; 78.0%.

[00105] Step 2. The 4-nitrophenyl chloroformate (3.35 g, 1.15 eq) was placed in two-neck
bottle. Under vacuum for | hr, the three-way valve was diverted to nitrogen device and 60 mL
DCM was added with a syringe. The weighted Step 1 Product 1 was dissolved with 10-15 mL
DCM, njected mto the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 mL, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH, 0, and was extracted 2-3 times with BCM. The organic layer was collected, dried
with anhydrous magnesium sulfate, filtered with MgS80Oy and then removal of DCM. The extract
15 purified with the column by using EtOAcHex MeOH = 1:1: 0.2, The product was a pale

vellow higud.  After punification yield: 48.6 %.
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[00106] Step 3. The weighted Step 2 Product 2 (3.5 g, 1.0 eq) was dissolved in 120 mL
DCM, and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eq}. The reaction was
carried out at room temperature for about 24 hrs. The solution color turned from pale yellow to
orange. After completion of the reaction, the mixture was quenched by adding ddH:0, and
extracted 2-3 times with DCM. The organic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgS0, and then removal of DUM. The extract was purified
with the column by using DUMMeOH = 9.5 0.5 In this step, the product was stuck in the
column and the MeQOH can be increased to 3% to elute the final product. The product was a pale

vellow sticky solid. After purification vield: 17.0 %.
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SH-C5-Linker 1-1 (SH-C3-Linker-l-amide, m is 2) 'H(400MHz)561.26-1.33(2H, m), 1.43-

1.55(4H, m), 2.05(2H, 1), 2.22(1H, s}, 2.45(2H, 1), 3.15-3.19(ZH, m), 3.37(2H, 1), 3.54(2H, 1),
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4.03-4.08(4H, m), 7.85(1H, 1), 8.19(1H, s); “C{100MHz)523.7, 24.7, 27.4, 33.1, 35.2, 38.4, 63.3
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68.0, 69.1, 158.3, 172.2. H-Mass {(m/z): {M+Na} =316.1336
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SH-C5-Linker 1-4 (SH-C5-Linker-1-amide, m is 4) 'H(400MHz)51.26-1.34(2H, m), 1.43-
1.56(4H, m}, 2.05(2H, 1), 2.22(1H, t), 2.43-2 48(2ZH, m), 3.16-3.20(3H, m), 3.39(ZH, 1), 3.48-
3.50(7H, m), 3.56(2H, m), 4.03-4.08(4H, m), 7.84(1H, m), 8.20(1H, s): “C(100MHz)523.7, 24.8,
274, 331, 352, 385, 634, 689, 692, 696, 69.8, 1583, 172.2. H-Mass {m/z): (M+Na)
=4{(4.1843

Example 5  Preparation of SH-Cs-linker-1-C(0)0-

(001071 Step 1. The ethylene glycol (1.30 g, 1.05 eq) and 6-Acetylthiohexanoic acid (3.81
g.1.0 eq) were dissolved in 80 mL DCM, and N, N'-Dicyclohexvicarbodimide (BCC) (536 g, 1.3
eq), 4-(Bimethylaminoipyridine (DMAP) (0.24 g, 0.1 eq) and triethylamime (6.4 mL, 2.3 eq)
were slowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH; 0, and

was extracted 2-3 times with DCM. The organic layer was collected, drnied with anhydrous
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magnesium sulfate, filtered with MgSOy and then removal of DCM. The extract is purified with
the column by using DCM:MeOH = 9.8: 0.2 The product was a pale vellow hquid. Yield: 3.88
g, 79.8%.

(0010871 Step 2. The 4-mtrophenyl chioroformat {3.35 g, 1.15 eq} was placed in two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to mitrogen device and 60 mL
DCM was added with a syringe. The weighted Step 1 Product I was dissolved with 10-15 mL
DCM, imjected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 mL, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH,0, and was extracted 2-3 times with DCM. The organic laver was collected, dried
with anhydrous magnesium sulfate, filtered with MgSO4 and then removal of DCM. The extract
1s purtfied with the column by using EA:Hex MeOH = 1:1: 0.2. The product was a pale vellow
hiquid. After purification yield: 51.6 %.

[00109] Step 3. The weighted Step 2 Product 2 (35 g, 1.0 eq) was dissolved in 120 mL
DCM, and then slowly added with Hydrazine hydrate (6.5 ml, 10.0 eq). The reaction was
carried out at room temperature for about 24 hrs. The solution color turned from pale vellow to
orange. After completion of the reaction, the mixture was quenched by adding ddH,0, and
extracted 2-3 times with DCM.  The organic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgSQOy and then removal of DCM. The extract was purified
with the column by using DCMIMeOH = 9.5: 0.5, In this step, the product was stuck mn the
column and the Me(OH can be mcreased to 5% to elute the final product. The product was a pale
vellow sticky sohd. After purification yield: 19.4 %,

Example 6  Preparation of NH-C-linker-T-amide
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[00110] Step | The ethanolamine(1.28 g, 1.05 eq) and Boc-glycine (3.50 ¢g1.0 eq) were
dissolved in 80 mL DCM, and EDC-HCI (4.98g, 1.3 eq}, hydroxysuccinimide (NHSYH2.30g, 1.0
eq) and triethylamine (6.4 mL, 2.3 eq) were slowly added. The reaction was carried out at room
temperature for at least 5 hrs and the reaction was followed by TLL. Subsequently, the mixture
was quenched by adding ddH,0, and was extracted 2-3 times with DCM. The organic layer was
collected, dried with anhydrous magnesium sulfate, filtered with MgS0O, and then removal of
DM, The extract is purified with the colomn by using DCM:MeOH = 9.8. 0.2, The product
was a pale vellow hiquid. Yield: 410 g, 81.5 %.

(001117 Step 2. The 4-mitrophenyl chioroformat {3.35 g, 1.15 eq) was placed 1in two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to nitrogen device and 60 mL
D{M was added with a syringe. The weighted Step 1 Product 1 was dissolved with 10-15 mL
DCM, injected into the reaction flask with a syringe, and then slowly added with tnethylamine
(4.5 mi, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH,0, and was extracted 2-3 times with DCM. The organic laver was collected, dried
with anhydrous magnesium sulfate, filtered with MgSOy and then removal of DCM. The extract
15 purified with the column by using EtOAcHexMeOH = 1:1: 0.2, The product was a pale
vellow higpund. After purification vield: 51.6 %.

[00112] Step 3. The weighted Step 2 Product 2 (3.5 g, 1.0 eg) was dissolved in 120 mL
DCM, and then slowly added with Hydrazine hydrate (6.5 ml, 10.0 eq). The reaction was
carrted out at room temperature for about 24 hrs. The solution color turned from pale yellow to
orange. After completion of the reaction, the mixture was quenched by adding ddH0O, and

-

extracted 2-3 times with DCM. The organic layer was collected, dried with anhvdrous
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magnesium sulfate, filtered with MgS80; and then removal of DCM. The extract was purified
with the column by using DCMMeOH = 9.5 0.5 In this step, the product was stuck i the
column and the MeOH can be increased to 3% to elute the final product. The product was a pale
vellow sticky sohid. After purification yield: 17.9 %.

Example 7  Preparation of NH,-Cy-linker-1-C(0)0-

[00113] Step 1. The ethylene glycol {1.30 g, 1.05 eq} and Boc-glycine {3.50 g,1.0 eq) were
dissolved i 80 mL DCM, and N, N-Dicyclohexvicarbodiimide (DCCY (536 g, 1.3 eq), 4-

{Dimethylaminopyridine (DMAP) (0.24 ¢

w2

0.1 eg) and triethylamine (6.4 mL, 2.3 eq) were
slowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH,0, and
was extracted 2-3 times with DCM. The organic layer was collected, drnied with anhydrous
magnesium sulfate, filtered with MgSO, and then removal of DCM. The extract is purified with
the column by using DCM:MeOH = 9 8: 0.2, The product was a pale yvellow hquid. Yield: 3.60
g 78.0%.

[001147 Step 2. The 4-nitrophenyl chloroformate (3.35 g, 1.15 eq) was placed in two-neck
bottle. Under vacuum for | hr, the three-way valve was diverted to nitrogen device and 60 mL
DCM was added with a syringe. The weighted Step 1 Product 1 was dissolved with 10-15 mL
DCM, wnjected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 mL, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was guenched by
adding ddH, 0, and was extracted 2-3 times with BCM. The organic layer was collected, dried

with anhydrous magnesium sulfate, filtered with MgS80Oy and then removal of DUM. The extract
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is purified with the column by using EA - Hex:MeOH = 1:1: 0.2, The product was a pale yellow
hiquid. After punification vield: 49.7 %.

[00115] Step 3. The weighted Step 2 Produet 2 (3.5 g, 1.0 eq) was dissolved i 120 mL
DCM, and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eq}. The reaction was
carried out at room temperature for about 24 hrs. The solution color turned from pale yvellow to
orange. After completion of the reaction, the mixture was quenched by adding ddH.0, and
extracted 2-3 times with DUM. The organic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgS0, and then removal of DUM. The extract was purified
with the column by using DUMMeOH = 9.5 0.5, In this step, the product was stuck in the
column and the MeOH can be increased to 5% to elute the final product. The product was a pale
vellow sticky sohid.  After purification yield: 20.0%.

Example 8 Preparation of Linker H-amide

[00116] Step 1. The glycine (2.36 g, 1.05 eq) and Lipoic acid(6.19 g,1.0 eq) were dissolved in
80 mbL DCM, and EDC-HCI (7.47g, 1.3 eq), hydroxysucciuimide (NHS) (3.45¢, 1.0 eq) and
triethylamine (9.6 ml, 2.3 eq) were slowly added. The reaction was carried out at room
temperature for at least S hrs and the reaction was followed by TLC. Subsequently, the mixture
was quenched by adding ddH,0, and was extracted 2-3 times with DCM. The organic layer was
collected, dried with anhydrous magnesium sulfate, filtered with MgSQO, and then removal of
DCM. The extract 1s purified with the column by using DCMMeOH = 9.5 0.5, The product
was a pale yellow hiquid. Yield: 70.0%.

[00117] Step 2. The Step I product (5.26 g, 1.0 eq) and ethanolamine(1.28 g, 1.05 eq) were
dissolved i 80 mL DCM, and EDC-HCI (4.98g, 1.3 eq), hydroxysuccimnide (NHS)2.30g, 1.0

eq} and triethylamine (6.4 mL, 2.3 eq) were slowly added. The reaction was carried out at room
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temperature for at least 5 hrs and the reaction was followed by TLC. Subsequently, the mixture
was quenched by adding ddH,0, and was extracted 2-3 times with DCM. The organic layer was
collected, dried with anhydrous magnesium sulfate, filtered with MgSOy and then removal of
DCM. The extract 13 purified with the column by using DCM:MeOH = 9.8. 0.2. The product
was a pale vellow hiquid. Yield: 81.0%.

(001187 Step 3. The 4-mitrophenyl chioroformat {3.35 g, 1.15 eq) was placed in two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to nitrogen device and 60 mL
D{M was added with a syringe. The weighted Step 1 Product 1 was dissolved with 10-15 mL
DCM, imjected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 mi, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH,O, and was extracted 2-3 times with DCM. The organic laver was collected, dried
with anhydrous magnesium sulfate, filtered with MgSQy and then removal of DCM. The extract
15 purified with the column by using EtOAcHex:MeOH = 1:2: 0.2, The product was a pale
vellow hiquid. After punification vield: 51.6 %.

[00119] Step 4. The weighted Step 2 Product 2 (3.5 g, 1.0 eq) was dissolved in 120 mL
DCM, and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eq). The reaction was
carrted out at room temperature for about 24 hrs. The solution color turned from pale yellow to
orange. After completion of the reaction, the mixture was quenched by adding ddH,0O, and
extracted 2-3 times with DCM.  The organic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgSQy and then removal of DCM. The extract was purified

with the column by using DCMIMeOH = 9.5: 0.5, In this step, the product was stuck mn the
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column and the MeOH can be mcreased to 3% to elute the final product. The product was a pale

vellow sticky solhid. After purtfication vield: 30.0 %.
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(001207 Linker II-1 (Linker H-amide, z=1). "H{400MHz)51.32-1.39(2H, m), 1.46-1.57(2H,
m}, 1.63-1.69(1H, m), 1.83-1.91(1H, m), 2.08(1H, s}, 2.13(2H, 1}, 2.36-2.46(1H, m), 3.07-
31924, my, 3.22-328(2H, m), 3.62-3.65 (3H, my), 3.95 (3H, 1), 7.01(1H, s), 791(1H, 1},
8.01(1H, ©), 8.14(1H, s). “C{100MHZz)325.2, 28.8, 34.6, 35.4, 38.6, 38.7, 39.5, 42.4, 56.60,

62.85,135.63,169.72, 172.83 ppm. H-Mass (m/z): (M+Na) =387.1102
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[00121] Linker [I-2 (Linker H-amide, z=2). "H(300MHz)51.32-1 39(2H, m), 1.47-1.57(3H,
ny, 1ol-L.73(1H, m), 1.81-1.92(1H, my), 2.14(ZH, 1), 2.35-2.46(2H, m), 3.09-3.21(3H, m}, 3.23-
33103H, my, 3.65-3.714H, m), 397 (ZH., ), 7.78 (OH, t), 7.89%(1H, t), 8.12(Q2H, t).
BC(100MH2)525.3, 28.8, 34.6,35.4, 38.6, 38.7, 39.5, 42.4, 42.6, 56.6, 60.2, 62.8, 169.4, 169.9,

173.1 ppm. H-Mass (m/z): (M+Na) =444.1348
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[00122] Linker U-3(Linker [f-amude, z=3)}. }H(B{BQNIHZ)SL}B( 1H, s}, 1.32-1.40(2H, m),

1.46-1 S7(4H, m), 1.63-1.70(1H, m), 1.80-192(2H, 1}, 1.96(1H, s), 2.04(1H, s), 2.14(3H, 1),

3.07-3.19(3H, m), 3.58-3.66 (3H, m}, 3.72 (3H, 1), 3.96(1H, 1), 4 05(1H, s}, 7.86({1H, s), 8. 10(3H,

s). PC(I00MHBZ)825.3, 28.8, 34.6, 35.4, 38.6, 39.5, 397, 40.5, 42.4, 42.6, 56.6, 60.2, 62.8,

169.4, 169.6,170.1, 173.1 ppm. H-Mass (nv/z): (M+Na) =501.1606
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[00123] Linker [I-4(Linker H-amide, z=4). 'H(300MHz)531.26(3H, s), 1.35-1.42(2H, m),
1.47-1.70(4H, m), 1.82-1.94(2H, m), 2.03-2.20(8H, m), 2.26-2.33(2H, m), 3.66-3 81(7H, m),
3.95-4.01(1H, m), 7.86-7.94(1H, m), 8.80-8.22(3H, m). PC(100MHz)5825.3, 28.8, 29.4, 31.2,
346,354, 385,386,424, 426,566,660, 1258, 1287, 1294, 1694, 1698, 170.0, 173.1 ppm.
H-Mass (m/z): (M+Na) =558.1768

Example ® Preparation of Linker I~ C(00-

(0012471 Step 1. The glycolic acid (2,40 g, 1.05 eq) and Lipoic acid(6.19 ¢ 1.0 eq) were

dissolved m 80 mbL DCM, and N, N-Dicyclohexylcarbodumide (BCC)Y (8.05 g, 1.3 eq), 4-
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{Dimethylamino)pyridine (DMAP) (037 g, 0.1 eq) and triethylamine (9.6 mL, 2.3 eq) were
slowly added. The reaction was carried out at room temperature for at least S hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH,0, and
was extracted 2-3 times with BCM. The organic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgS(y and then removal of DCM. The extract 15 punified with
the column by using DCM:MeOH = 9.5: 0.5, The product was a pale vellow liquid. Yield: 85 %.
[00125] Step 2. The Step 1 product (526 g, 1.0 eq) and ethanolamine(1.28 g, 1.05 eq) were
dissolved in 80 mb DCM, and EDC HCI (4.98g, 1.3 eq}, hydroxysuccinimide (NHS}2.30g, 1.0
eq) and triethylamine (6.4 mL, 2.3 eq) were slowly added. The reaction was carried out at room
temperature for at least 5 hrs and the reaction was followed by TLC. Subsequently, the mixture
was quenched by adding ddH,0, and was extracted 2-3 times with DCM. The organic layer was
collected, dried with anhydrous magnesium sulfate, filtered with MgSQO4 and then removal of
DCM. The extract is purified with the column by using DCM:MeOH = 9.8: 0.2 The product
was a pale vellow hiquid. Yield: 80.5 %.

[00126] Step 3. The 4-nitrophenyl chloroformate (3.35 g, 1.15 eq) was placed in two-neck
bottle. Under vacuum for | hr, the three-way valve was diverted to nitrogen device and 60 mL
DCM was added with a syringe. The weighted Step 1 Product 1 was dissolved with 10-15 mL
DCM, injected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 mL, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH, 0, and was extracted 2-3 times with BCM. The organic layer was collected, dried

with anhydrous magnesium sulfate, filtered with MgS80Oy and then removal of DCM. The extract
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is purified with the column by using EtOAc Hex MeOH = 1:2: 0.2, The product was a pale
vellow liquid.  After punfication yield: 47.8 %,

(001271 Step 4. The weighted Step 2 Produet 2 (3.5 g, 1.0 eq) was dissolved i 120 mL
DCM, and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eq}. The reaction was
carried out at room temperature for about 24 hrs. The solution color turned from pale yeliow to
orange. After completion of the reaction, the mixture was quenched by adding ddH.0, and
extracted 2-3 times with DCM. The orgamic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgS0, and then removal of DUM. The extract was purified
with the column by using DUMMeOH = 9.5 0.5 In this step, the product was stuck in the
column and the MeOH can be increased to 5% to elute the final product. The product was a pale
vellow sticky sohid.  After purification yield: 19.3 %.

Example 16  Preparation of Linker SH-Cs-linker-1f-amide

[00128] Step 1. The 6-Acetylthiohexanoic acid (5.71 g, 1.0 eg) and glycine (2.36 g,1.05 eq)
were dissolved i 80 mL DCM, and EDC-HCI (7.47g, 1.3 eqg), hydroxysuccinimide (WNHS)
(3.45¢g, 1.0 eq) and triethylamine (9.6 mL, 2.3 eq) were slowly added. The reaction was carried
out at room teroperature for at least 5 hrs and the reaction was followed by TLC. Subsequently,
the mixture was gquenched by adding ddH,O, and was extracted 2-3 times with DCM.  The
organi¢ layer was collected, dried with anhydrous magnesium sulfate, filtered with MgS8Oy and
then removal of DCM. The extract 1s purified with the column by using DCM: MeQH = 9.5 0.5
The product was a pale yellow hqud. Yield: 68.8%.

[00129] Step 2. The Step I product (5.26 g, 1.0 eq) and ethanolamine(1.28 g, 1.05 eq) were
dissolved i 80 mL DCM, and EDC-HCI (4.98¢g, 1.3 eq), hydroxysuccimnude (NHS)2.30g, 1.0

eq} and triethylamine (6.4 mL, 2.3 eq) were slowly added. The reaction was carrted out at room
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temperature for at least 5 hrs and the reaction was followed by TLC. Subsequently, the mixture
was quenched by adding ddH,0, and was extracted 2-3 times with DCM. The organic layer was
collected, dried with anhydrous magnesium sulfate, filtered with MgSOy and then removal of
DCM. The extract 13 purified with the column by using DCM:MeOH = 9.8. 0.2. The product
was a pale yellow hquid. Yield: 80.5 %.

(001307 Step 3. The 4-mitrophenyl chioroformat {3.35 g, 1.15 eq) was placed 1in two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to nitrogen device and 60 mL
D{M was added with a syringe. The weighted Step 1 Product 1 was dissolved with 10-15 mL
DCM, injected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 mi, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH,O, and was extracted 2-3 times with DCM. The organic laver was collected, dried
with anhydrous magnesium sulfate, filtered with MgSQy and then removal of DCM. The extract
15 purified with the column by using EtOAcHex:MeOH = 1:2: 0.2, The product was a pale
vellow liquid.  After punification vield: 50.6 %.

[00131] Step 4. The weighted Step 2 Product 2 (3.5 g, 1.0 eq) was dissolved in 120 mL
DCM, and then slowly added with Hydrazine hydrate (6.5 mlL, 100 eq). The reaction was
carrted out at room ternperature for about 24 hrs. The solution color turned from pale yellow to
orange. After completion of the reaction, the mixture was quenched by adding ddH,0O, and
extracted 2-3 times with DCM.  The organic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgSOy and then removal of BCM. The extract was purified

with the column by using DCM:MeOH = 9.5 0.5 In this step, the product was stuck in the
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column and the MeOH can be mcreased to 3% 1o elute the final product. The product was a pale
vellow sticky solhid. After purtfication yvield: 18.3 %.

Example 11 Preparation of LinkerSH-Cs-linker-1-C(0)0O-

[00132] Step 1. The 6-Acetylthichexanoic acid (5.71 g, 1.0 eq} and glveohic acid (2.40g,1.05
eq) were dissolved i 80 mbL DCM, and N N-Dicyclohexylcarbodumide (BCC) (8.05 g, 1.3 eq),
4-(Dimethylamino)pyridine (BMAP} (0.37 ¢, 0.1 eq) and triethylamine (9.6 mL, 2.3 eq) were
slowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH; O, and
was extracted 2-3 times with DCM. The organic layer was collected, drnied with anhydrous
magnesium sulfate, filtered with MgSO, and then removal of DCM. The extract is purified with
the column by using DCM:MeOH = 9.5: 0.5, The product was a pale vellow liquid. Yield: 78 %.
[00133] Step 2. The Step 1 product (5.26 g, 1.0 eq) and ethanolamine(1.28 g, 1.05 eq) were
dissolved in 80 mbL DCM, and EDC-HCI (4.98g, 1.3 eq), hydroxysuccininude (NHS}2.30g, 1.0
eq) and triethylamine (6.4 mL, 2.3 eq) were slowly added. The reaction was carried out at room
temperature for at least 5 hrs and the reaction was followed by TLC. Subsequently, the mixture
was quenched by adding ddH,O, and was extracted 2-3 times with DCM. The organic laver was
collected, dried with anhydrous magnesium sulfate, filtered with MgSO, and then removal of
DCM. The extract 1s purified with the column by using DCM:MeQGH = 9.8: 0.2, The product
was a pale yellow hiquid. Yield: 80.5 %.

[0012347 Step 3. The 4-nitrophenyl chioroformat (3.35 g, 1.15 eq) was placed in two-neck
bottle. Under vacuum for 1 hr, the three~-way valve was diverted to nitrogen device and 60 mL
DCM was added with a syringe. The weighted Step ¥ Product 1 was dissolved with 10-15 mL

DCM, injected into the reaction flask with a syringe, and then slowly added with triethylamine
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(4.5 mL, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH; 0, and was extracted 2-3 times with DCM. The organic layver was collected, dried
with anhydrous magnesium sulfate, filtered with MgSQOy and then removal of DCM. The extract
is purified with the column by using EtCAcHex MeOH = 1:2: 0.2, The product was a pale
vellow liquid. After purification yield: 51.6 %,

[00135] Step 4. The weighted Step 2 Product 2 (3.5 g, 1.0 eq) was dissolved in 120 mL
D{M, and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eq). The reaction was
carried out at room temperature for about 24 hrs. The solution color turned from pale vellow to
orange. After completion of the reaction, the mixture was quenched by adding ddH,O, and
extracted 2-3 times with DCM. The organic layer was collected, dried with anhvdrous
magnesium sulfate, filtered with MgSO; and then removal of DCM.  The extract was purified
with the column by using DCMEMeOH = 9.5: 0.5, In this step, the product was stuck in the
column and the MeOH can be increased to 5% to elute the final product. The product was a pale
vellow sticky solid.  After purification yield: 19.0 %.

Example 12 Preparation of LinkerNH,-Cy-linker-{f-amide

[00136] Step 1. The Boc-glycine (5.26 ¢, 1.0 eq) and glycine (2.36 g,1.05 eq) were dissolved
mn 80 mL DCM, and EDC-HCI (7.47g, 1.3 ¢q), hydroxysuccimmide (NHS) (3.45g, 1.0 eq) and
triecthylamine (9.6 mL, 2.3 eq) were slowly added. The reaction was carried out at room
temperature for at least Shrs and the reaction was followed by TLL. Subsequently, the mixture
was quenched by adding ddH,0, and was extracted 2-3 times with DCM. The organic layver was

collected, dried with anhydrous magnesium sulfate, filtered with MgSQO4 and then removal of
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DCM. The extract 1s purified with the colummn by using DCMMeOH = 9.5: 0.5, The product
was a pale vellow hiquid. Yield: 70 %.

[00137] Step 2. The Step 1 product (526 g, 1.0 eq) and ethanolamine(1.28 g, 1.05 eq} were
dissolved n 80 mi. DCM, and EDC-HCI (4.98g, 1.3 eq), hydroxysuccinimde (NHS}H2.30g, 1.0
eq) and triethylamine (6.4 mL, 2.3 eq) were slowly added. The reaction was carried out at room
temperature for at least 5 hrs and the reaction was followed by TLC. Subsequently, the mixture
was quenched by adding ddH,0, and was extracted 2-3 times with DCM. The organic layer was
collected, dried with anhyvdrous magnesium sulfate, filtered with MgS0O4 and then removal of
DM, The extract 1s purified with the column by using DUM:MeOH = 9.8 0.2. The product
was a pale yellow hiquid. Yield: 77.8 %.

[00138] Step 3. The 4-nitrophenyl chioroformat (3.35 ¢, 1.15 eq) was placed in two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to nitrogen device and 60 mL
D{CM was added with a syringe. The weighted Step 1 Product 1 was dissolved with 10-15 mL
DCM, injected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 ml, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight.  After completion of the reaction, the mixture was quenched by
adding ddH,O, and was extracted 2-3 times with DCM. The organic layer was collected, dried
with anhydrous magnesium sulfate, filtered with MgS80, and then removal of DCM. The extract
15 purified with the column by using EtOAcHex MeOH = 1.2 0.2, The product was a pale
vellow higpund. After purification vield: 51.6 %.

[00139] Step 4. The weighted Step 2 Product 2 (3.5 g, 1.0 eg) was dissolved in 120 mL
DCM, and then slowly added with Hydrazine hydrate (6.5 ml, 10.0 eq). The reaction was

carried out at room temperature for about 24 hrs. The solution color turned from pale yellow to
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orange. After completion of the reaction, the mixture was quenched by adding ddH;O, and
extracted 2-3 times with DCM. The organic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgS80, and then removal of DCM. The extract was purified
with the column by using DCMMeOH = 9.5 0.5 In this step, the product was stuck i the
column and the MeQOH can be increased to 5% to ehute the final product. The product was a pale
vellow sticky solid. After purification vield: 18.8 %.

Example 13 Prepavation of NH-Ci-linker-H-C(()0-

[001407 Step 1. The Boc-glycine (526 g, 1.0 eq) and glyeolic acid (2.40g,1 .05 eq) were
dissolved m 80 mL D{M, and N,N-Dicyclohexylcarbodumide (BCC) (805 g, 1.3 eq), 4-
{Dimethylamino)pyridine (DMAP} (037 g, 0.1 eq) and tricthvlamine (9.6 ml, 2.3 eq) were
stowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH,0, and
was extracted 2-3 times with DUCM. The organic layer was collected, dried with anhvdrous
magnesium sulfate, filtered with MgSQy and then removal of DCM. The extract 1s purnified with
the column by using DCM:MOH =9.5: 0.5, The product was a pale vellow liquid. Yield: 82.0 %.
(001417 Step 2. The Step | product (5.26 g, 1.0 eq) and ethanolamine(1.28 g, 1.05 eq) were
dissolved in 80 mL DCM, and EDC-HCI (4.98¢g, 1.3 eg), hydroxysuccinimide {(NHS)2.30g, 1.0
eq} and triethylamine (6.4 mL, 2.3 eq) were slowly added. The reaction was carried out at room
temperature for at least Shrs and the reaction was followed by TLC. Subsequently, the mixture
was quenched by adding ddH,0, and was extracted 2-3 times with DCM. The organic layer was
collected, dried with anhydrous magnesium sulfate, filtered with MgS8O, and then removal of
DCM. The extract 1s purnified with the column by using DCM:MeOH = 9.8: 0.2, The product

was a pale vellow hiquid. Yield: 78.5 %.
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[00142] Step 3. The 4-nitrophenyl chloroformate (3.35 g, 1.15 eq) was placed in two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to mitrogen device and 60 mL
D{M was added with a syringe. The weighted Step 1 Produet 1 was dissolved with 10-15 mL
D{M, mjected into the reaction flask with a syringe, and then slowly added with tniethylamine
(4.5 ml, 2.3 eq). The reaction was carried out in an 1ce bath for about 1 hr and then back to room
temperature for overnight. After completion of the reaction, the mixture was quenched by adding
ddH,0, and was extracted 2-3 times with BUM. The organic layer was collected, dried with
anhydrous magnesium sulfate, filtered with MgSQOy and then removal of DUM. The extract is
purified with the column by using EtOAc Hex: MeOH = 1:2: 0.2, The product was a pale yvellow
liquid. After purification yield: 51.0 %,

[00143] Step 4. The weighted Step 2 Product (3.5 g, 1.0 eq) was dissolved in 120 mL DCM,
and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eq). The reaction was carried out
at room temperature for about 24 hrs. The solution color turned from pale vellow to orange.
After completion of the reaction, the mixture was quenched by adding ddH,0, and extracted 2-3
times with DCM. The organic layer was collected, dried with anhydrous magnesium sulfate,
filtered with MgSO,4 and then removal of DCM. The extract was purified with the column by
using DCM:MeOH = 6.5 0.5, In thus step, the product was stuck i the column and the MeQOH
can be mcreased to S% to elute the final product. The product was a pale yellow sticky solid.
After purification yield: 19.5 %.

Example 14 Preparation of Linker I'V-amide
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[00144] Step 1. The ethanolamine (1.92 g 1.05 eq) and Lipoic acid{6.19 g,1.0 eq) were
dissolved in 80 mL DCM, and EDC-HCH (7 47g, 1.3 eq), hydroxysuccinimide (NHS) (3.45g, 1.0
eq) and triethylamine (9.6 mL, 2.3 eq) were slowly added. The reaction was carried out at room
temperature for at least S hrs and the reaction was followed by TLC. Subsequently, the mixture
was quenched by adding ddH, 0, and was extracted 2-3 times with DCM. The orgamic laver was
collected, dried with anhydrous magnesium sulfate, filtered with MgSO, and then removal of
DCM. The extract 1s purified with the column by using DUMMeOH = 9.8 0.2, The product
was a pale yellow hiquid. Yield: 66.0 %.

[00145]1 Step 2. The Step 1 product (498 g, 1.0 eq) and succinic acid (2.48 g, 1.05 eq) were

dissolved m 80 mL D{M, and N,N-Dicyclohexylcarbodumide (BCC) (536 g, 1.3 eq), 4-



20

WO 2017/012568 PCT/CN2016/090893

o)
L2

{Dimethylamino)pyridine (DMAP) {(0.24 g, 0.1 eq) and triethylamine (6.4 mL, 2.3 eq) were
slowly added. The reaction was carried out at room temperature for at least 5 hrs and the reaction
was followed by TLC. Subsequently, the muxture was guenched by adding ddH,0, and was
extracted 2-3 times with DCM. The organic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgS(y and then removal of DCM. The extract 15 punified with
the column by using DCM:MeOH = 9.5. 0.5, The product was a pale yellow hquid VYield:
80.7 %.

[00146] Step 3. The Step 2 product {349 ¢ 10 eq) and 2-[2-(2-
Aminosethoxylethoxylethanol (1.57 g, 1.05 eq) were dissolved in 80 mb DCM, and EDC HCI
(2.49 ¢, 1.3 eq), hydroxysuccinimide (NHS}Y (1.15 ¢, 1.0 eq) and triethylamine (3.2 mL, 2.3 eq)
were slowly added. The reaction was carried out at room temperature for at least Shrs and the
reaction was followed by TLC. Subsequently, the nuxture was quenched by adding ddH,0, and
was extracted 2-3 times with DCM. The organic layer was collected, drnied with anhydrous
magnesium sulfate, filtered with MgSO, and then removal of DCM. The extract is purified with
the column by using DCM:MeOH = 9.8: 0.2. The product was a pale yellow higud. Yield:
81.2 %.

[00147] Step 4. The 4-nitrophenyl chloroformate (3.35 g, 1.15 eq) was placed in two-neck
bottle. Under vacuum for 1 hr, the three~-way valve was diverted to nitrogen device and 60 mL
DCM was added with a syringe. The weighted Step 3 Product was dissolved with 10-15 mL
DCM, wnjected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 mL, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by

adding ddH, 0O, and was extracted 2-3 times with BCM. The organic layer was collected, dried
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with anhydrous magnesium sulfate, filtered with MgSO, and then removal of DCM. The extract
is purified with the column by using EtCAcHex MeOH = 1:2: 0.2, The product was a pale
vellow liquid. After punification yield: 48.6 %,

(001487 Step 5. The weighted Step 4 Product (3.5 g, 1.0 eq) was dissolved in 120 mL DCM,
and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eq). The reaction was carried out
at room temperature for about 24 hrs. The solution color turned from pale vellow to orange.
After completion of the reaction, the mixture was quenched by adding ddH,0, and extracted 2-3
times with DCM. The organic laver was collected, dried with anhvdrous magnesium sulfate,
filtered with MgSO; and then removal of DCM. The extract was purified with the column by
using DCM:MeOH = 9.5: 0.5, In this step, the product was stuck in the column and the MeOH
can be increased to 5% to elute the final product. The product (Linker IV-2) was a pale yellow
sticky solid.  After purification yield: 30.0 %.

TH(300MHz)51.30-1.34(2H, m), 1.47-1 56(3H, m), 1.60-1.67(1FH, m), 1.82-1.87(1H, m),
2.23(2H, 1), 2.54-2.56(4H, m), 2.63-2.2.66(4H, m), 3.07-3.25(2H, m), 3.33-3.30(3H, m), 3.40-
3.43(2H, m), 3.46-3.50(5H, m), 3.54-3.58(SH, m), 4.03-4.05(2H, m), 4.07-4 10(2H, m), 4.13-

4 15(ZH, m)

BO(106MHz)524.5, 24.6,27.5, 33.7, 34,7, 38.1, 41.0, 55.7, 55.8, 59.6, 59.7, 59.8, 65.7, 65.8,
65.9,71.5,71.7, 171.7,171.9, 172.0, 177.1, 177.2, 1773

Example 18 Preparation of Linker IV-C(O)0O-

(001491 Step 1. The ethylene glycol (1.96 g, 1.05 eq) and Lipoic acid(6.19 g,1.0 eq} were
dissolved m 80 mL D{M, and N,N-Dicyclohexylcarbodumide (BCC) (804 g, 1.3 eq), 4-
{Dimethylamino)pyridine (DMAP} (037 g, 0.1 eq) and tricthvlamine (9.6 ml, 2.3 eq) were

stowly added. The reaction was carried out at room temperature for at least Shrs and the reaction
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was followed by TLC. Subsequently, the muxture was guenched by adding ddH,0, and was
extracted 2-3 times with DCM. The organic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgS(y and then removal of DCM. The extract 15 punified with
the column by using DCM:MeOH = 9.8: 0.2, The product was a pale vellow hgud Yield:
66.0 Y.

[001507 Step 2. The Step 1 product {498 g, 1.0 eq) and succinic acid {2.48 g, 1.05 eq) were
dissolved i 80 mL DCM, and N N-Dicyclohexvicarbodiimide (DCCY (536 g, 1.3 eq), 4-
{Dmmethylaminoipyridine (DMAP) (0.24 g, 0.1 eg) and triethylamine (6.4 mL, 2.3 eq} were
slowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the nuxture was quenched by adding ddH,0, and
was extracted 2-3 times with DCM. The organic layer was collected, drnied with anhydrous
magnesium sulfate, filtered with MgSO, and then removal of DCM. The extract is purified with
the column by using DCM:MeOH = 9.5: 0.5 The product was a pale vellow ligmd. Yield:
81.2 %.

[00151] Step 3. The Step 2 product (349 ¢ 10 e and 2-[2-(2-
Aminoethoxy)ethoxylethanol (1.57 g, 1.05 eq) were dissolved i 80 mL DCM, and EDC-HCI
(2.49 ¢, 1.3 eq), hydroxysuccininude (NHS) (1.15 g, 1.0 eq) and triethylamine (3.2 mlL, 2.3 eq)
were slowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH; 0, and
was extracted 2-3 times with DUM. The orgamc layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgSQy4 and then removal of DCM. The extract 1s purified with
the columm by using DCM:MeQOH = 9.8 0.2, The product was a pale yellow hiqud. Yield:

&0.5 %.
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[00152] Step 4 The 4-nitrophenyl chioroformat (3.35 g, 1.15 eq) was placed in two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to mitrogen device and 60 mL
DCM was added with a syringe. The weighted Step 3 Product was dissclved with 10-15 mL
DCM, mmygected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 ml, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overmight  After completion of the reaction, the mixture was quenched by
adding ddH,0, and was extracted 2-3 times with DCM. The organic laver was collected, dried
with anhydrous magnesium sulfate, filtered with MgSQOy and then removal of DCM. The extract
15 purified with the column by using EtOAc:Hex:MeQOH = 1:2: 0.2, The product was a pale
vellow liquid. After purification yield: 50.3%.

[00153] Step 5. The weighted Step 4 Product (3.5 g, 1.0 eq) was dissolved in 120 mL DCM,
and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eq). The reaction was carried out
at room temperature for about 24 hrs. The solution color turned from pale vellow to orange.
After completion of the reaction, the mixture was quenched by adding ddH,0, and extracted 2-3
times with DCM.  The organic layer was collected, dried with anhydrous magnesium sulfate,
filtered with MgS0Oy and then removal of DCM. The extract was purified with the column by
using DCM:MeQOH = 9.5: 0.5, In this step, the product was stuck in the column and the MeOH
can be mncreased to 5% to elute the final product. The product was a pale vellow sticky solid.
After purification yield: 31.0 %.

Example 16 Preparation of SH-Cs-linker-1V-amide

[0015471 Step 1. The ethanolamine (1.92 g, 1.05 eq) and 6-Acetvlthuohexanoic acid (5.71 g,
1.0 eq) were dissolved in 80 mL DCM, and EDC-HC1(7.47¢, 1.3 eq), hydroxysuccimmide (NHS)

{3.45g, 1.0 eq) and triethylamine (9.6 mL, 2.3 eq) were slowly added. The reaction was carried
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out at room temperature for at least 5 hrs and the reaction was followed by TLC. Subsequently,
the mixture was quenched by adding ddH,0, and was extracted 2-3 times with DCM. The
organic layer was collected, dried with anhydrous magnesium sulfate, filtered with MgS0O, and
then removal of DUM. The extract s purified with the colurnn by using BCM:MeOH =98 .2,
The product was a pale vellow hquid. Yield: 74.0 %.

[00155] Step 2. The Step 1 product {498 g, 1.0 eq) and succinic acid {2.48 g, 1.05 eq) were
dissolved i 80 mL DCM, and N, N-Dicyclohexvicarbodiimide (DCCY (536 g, 1.3 eq), 4-
{Dmmethylaminoipyridine (DMAP) (0.24 g, 0.1 eg) and triethylamine (6.4 mL, 2.3 eq} were
slowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH,0, and
was extracted 2-3 times with DCM. The organic layer was collected, drnied with anhydrous
magnesium sulfate, filtered with MgSO, and then removal of DCM. The extract is purified with
the column by using DCM:MeOH = 9.5: 0.5 The product was a pale vellow ligmd. Yield:
80.2 %.

[00156] Step 3. The Step 2 product (349 ¢ 10 e and 2-[2-(2-
Aminoethoxy)ethoxylethanol (1.57 g, 1.05 eq) were dissolved i 80 mL DCM, and EDC-HCI
(2.49 ¢, 1.3 eq), hydroxysuccinmude (NHS) (1.15 g, 1.0 eq) and triethylamine (3.2 mlL, 2.3 eq)
were slowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH; 0, and
was extracted 2-3 times with DUM. The orgamc layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgSQy4 and then removal of DCM. The extract 1s purified with
the columm by using DCM:MeQOH = 9.8 0.2, The product was a pale yellow hiqgud. Yield:

%0.0 %.



20

WO 2017/012568 PCT/CN2016/090893

[00157] Step 4 The 4-nitrophenyl chloroformate (3.35 g, 1.15 eq) was placed in two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to mitrogen device and 60 mL
DCM was added with a syringe. The weighted Step 3 Product was dissclved with 10-15 mL
DCM, mmygected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 ml, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH,0, and was extracted 2-3 times with DCM. The organic laver was collected, dried
with anhydrous magnesium sulfate, filtered with MgSQOy and then removal of DCM. The extract
15 purified with the column by using EtOAc:Hex:MeQOH = 1:2: 0.2, The product was a pale
vellow liquid. After purification yield: 51.1 %.

[00158] Step 5. The weighted Step 4 Product (3.5 g, 1.0 eq) was dissolved in 120 mL DCM,
and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eg). The reaction was carried out
at room temperature for about 24 hrs. The solution color turned from pale vellow to orange.
After completion of the reaction, the mixture was quenched by adding ddH,0, and extracted 2-3
times with DCM.  The organic layer was collected, dried with anhydrous magnesium sulfate,
filtered with MgS0Oy and then removal of DCM. The extract was purified with the column by
using DCM:MeGOH = 9.5: 0.5, In this step, the product was stuck in the column and the MeOH
can be mncreased to 5% to elute the final product. The product was a pale vellow sticky solid.
After purification yield: 28.0 %.

Example 17 Preparation of SH-Cs-linker-1V-C(0)0-

[00159] Step 1. The ethylene glveol {1.96 g, 1.05 eq) and 6-Acetylthichexanoic acid {(5.71 g,
1.0 eq) were dissolved in 80 mL DCM, and N NV-Dicyclohexylcarbodiimide (DCC) (804 g, 1.3

eq}, 4-(Dimethylamino)pyridine (DMAP) (0.37 g, 0.1 eq} and triethylammne (9.6 mi, 2.3 eqg)
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were slowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH,0, and
was extracted 2-3 times with DCM. The organic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgS(y and then removal of DCM. The extract 15 punified with
the column by using DCM:MeOH = 9.8: 0.2, The product was a pale vellow hgud Yield:
71.5 %.

[00160] Step 2. The Step 1 product {498 g, 1.0 eq) and succinic acid {2.48 g, 1.05 eq) were
dissolved i 80 mL DCM, and N, N-Dicyclohexvicarbodiimide (DCCY (536 g, 1.3 eq), 4-
{Dmmethylaminoipyridine (DMAP) (0.24 g, 0.1 eg) and triethylamine (6.4 mL, 2.3 eq} were
slowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH,0, and
was extracted 2-3 times with DCM. The organic layer was collected, drnied with anhydrous
magnesium sulfate, filtered with MgSO, and then removal of DCM. The extract is purified with
the column by using DCM:MeOH = 9.5: 0.5 The product was a pale vellow ligmd. Yield:
81.4 %.

[00161] Step 3. The Step 2 product (349 ¢ 10 e and 2-[2-(2-
Aminoethoxy)ethoxylethanol (1.57 g, 1.05 eq) were dissolved i 80 mL DCM, and EDC-HCI
{2.49 g, 1.3 eq), hydroxysuccinimide {(NHS) (1.15 g, 1.0 eq) and triethylamine (3.2 mL, 2.3 eq)
were slowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH; 0, and
was extracted 2-3 times with DUM. The orgamc layer was collected, dried with anhydrous

magnesium sulfate, filtered with MgSQy4 and then removal of DCM. The extract 1s purified with
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the column by using DCMMOH = 9.8 0.2, The product was a pale vellow hqud. Yield:
78.8 %.

[00162] Step 4. The 4-nitrophenyl chloroformate (3.35 g, 1.15 eq} was placed m two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to mitrogen device and 60 mL
DCM was added with a syringe. The weighted Step 3 Product was dissclved with 10-15 mL
DCM, imjected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 mL, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH,0, and was extracted 2-3 times with DCM. The organic laver was collected, dried
with anhydrous magnesium sulfate, filtered with MgSQy and then removal of DCM. The extract
15 purified with the column by using EtOAcHex:MeOH = 1:2: 0.2, The product was a pale
vellow liquid. After purification yield: 51.1 %.

[00163] Step 5. The weighted Step 4 Product (3.5 g, 1.0 eq) was dissolved in 120 mL DCM,
and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eg). The reaction was carried out
at room temperature for about 24 hrs. The solution color turned from pale vellow to orange.
After completion of the reaction, the mixture was quenched by adding ddH,O, and extracted 2-3
times with DCM.  The organic layer was collected, dried with anhydrous magnesium sulfate,
filtered with MgSOy and then removal of BCM. The extract was purified with the column by
using DCM:MeQH = 9.5: 0.5, In this step, the product was stuck in the column and the MeOH
can be mncreased to 5% to elute the final product. The product was a pale vellow sticky solid.
After purification yield: 27.8 %.

Example 18 Preparation of NH-Cy-linker-TV-amide
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[00164] Step 1. The ethanolamine (1.92 g, 1.05 eq) and Boc-glycine {5.26 g, 1.0 eq) were
dissolved in 80 mL DCM, and EDC HCH(7.47g, 1.3 eq), hydroxysuccimimide (NHS) (3.45g, 1.0
eq) and triethylamine (9.6 mL, 2.3 eq) were slowly added. The reaction was carried out at room
temperature for at least 5 hrs and the reaction was followed by TLL. Subsequently, the mixture
was guenched by adding ddH,0, and was extracted 2-3 times with DCM. The organic layer was
collected, dried with anhydrous magnesium sulfate, filtered with MgS0O, and then removal of
DM, The extract s purified with the column by using DUM:MeOH = 9.8 0.2. The product
was a pale vellow hiquid. Yield: 62.0 %.

[00165] Step 2. The Step 1 product {4.98 g, 1.0 eq) and succinic acid {2.48 g, 1.05 eq) were
dissolved in 80 mL DCM, and N,N-Dicyclohexylcarbodumide (DCCY (536 g, 1.3 eq), 4-
(Dimethylaminopyridine (DMAP) (0.24 ¢, 0.1 eg) and triethylamine (6.4 mL, 2.3 eq) were
slowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH,0, and
was extracted 2-3 times with DCM. The organic layer was collected, drnied with anhydrous
magnesium sulfate, filtered with MgSO, and then removal of DCM. The extract is purified with
the column by usimg DCM:MeOH = 9.5 0.5 The product was a pale yellow hguid. Yield:
80.4 %.

[00166] Step 3. The Step 2 oproduet (349 g 10 e and 2-[2-(2-
Aminoethoxy)ethoxylethanol {1.57 g, 1.05 eq) were dissolved i 80 mL DCM, and EDC-HCI
{2.49 g, 1.3 eq), hydroxysuccinimide {(NHS) (1.15 g, 1.0 eq) and triethylamine (3.2 mL, 2.3 eq)
were slowly added. The reaction was carried out at room temperature for at least Shrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH;0, and

was extracted 2-3 times with DUCM. The organic layer was collected, dried with anhydrous
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magnesium sulfate, filtered with MgS0y and then removal of DCM. The extract is purified with
the column by using DCM:MeOH = 9.8: 0.2, The product was a pale vellow hqgud Yield:
71.0 %.

[00167] Step 4 The 4-mtrophenyl chioroformat {3.35 g, 1.15 eq} was placed in two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to mitrogen device and 60 mL
DCM was added with a syringe. The weighted Step 3 Product was dissolved with 10-15 mL
DCM, imjected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 mL, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH,0, and was extracted 2-3 times with DCM. The organic laver was collected, dried
with anhydrous magnesium sulfate, filtered with MgSQy and then removal of DCM. The extract
15 purified with the column by using EtOAcHex:MeOH = 1:2: 0.2, The product was a pale
vellow liquid. After purification yield: 51.9 %.

[00168] Step 5. The weighted Step 4 Product (3.5 g, 1.0 eq) was dissolved in 120 mL DCM,
and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eq). The reaction was carried out
at room temperature for about 24 hrs. The solution color turned from pale vellow to orange.
After completion of the reaction, the mixture was quenched by adding ddH,O, and extracted 2-3
times with DCM. The organic layer was collected, dried with anhydrous magnesium sulfate,
filtered with MgSOy and then removal of BCM. The extract was purified with the column by
using DCM:MeQH = 9.5: 0.5, In this step, the product was stuck in the column and the MeOH
can be mncreased to 5% to elute the final product. The product was a pale vellow sticky solid.
After purification yield: 29.0 %.

Example 19 Preparation of NH-Cy-linker-1V-C()Y0-
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[001698] Step 1. The ethylene glycol (1.96 g, 1.05 eq) and Boc-glycine (5.26 g, 1.0 eq) were
dissolved m 80 mi, DCM, and N N-Dhcyelohexylcarbodiinude (BDCCY (804 g, 1.3 eqg), 4-
{Dimethylamunojpyridine (BMAP) (037 g, 0.1 eq) and triethylamine (9.6 mL, 2.3 eq) were
slowly added. The reaction was carried out at room temperature for at least S hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH,0, and
was extracted 2-3 times with DCM. The organic layer was collected, drnied with anhydrous
magnesium sulfate, filtered with MgS(, and then removal of DCM. The extract is purified with
the column by using DCM:MeOH = 938: 0.2, The product was a pale yellow hiquid Yield:
75.0 Y.

[00170] Step 2. The Step 1 product {498 g, 1.0 eq} and succinic acid (2.48 g, 1.05 eq) were
dissolved in 80 mL DCM, and N,N-Dicyclohexylcarbodumide (DCCY (536 g, 1.3 eq), 4-
(Dimethylaminopyridine (DMAP) (0.24 ¢, 0.1 eg) and triethylamine (6.4 mL, 2.3 eq) were
slowly added. The reaction was carried out at room temperature for at least 5 hrs and the
reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH,0, and
was extracted 2-3 times with DCM. The organic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgSOy and then removal of DCM. The extract is purified with
the column by usimg DCM:MeOH = 9.5 0.5 The product was a pale yellow hguid. Yield:
80.5 %.

[00171] Step 3. The Step 2 oproduet (349 g 10 e and 2-[2-(2-
Aminoethoxy)ethoxylethanol {1.57 g, 1.05 eq) were dissolved i 80 mL DCM, and EDC-HCI
{2.49 g, 1.3 eq), hydroxysuccinimide {(NHS) (1.15 g, 1.0 eq) and triethylamine (3.2 mL, 2.3 eq)
were slowly added. The reaction was carried out at room temperature for at least 5 hrs and the

reaction was followed by TLC. Subsequently, the mixture was quenched by adding ddH,; 0, and
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was extracted 2-3 times with DCM.  The organic layer was collected, dried with anhydrous
magnesium sulfate, filtered with MgS0, and then removal of DCM. The extract 15 purified with
the column by using DCM:MeOH = 9.8: 0.2, The product was a pale vellow hqgud Yield:
31.0%.

(001721 Step 4 The 4-mtrophenyl chioroformat {3.35 g, 1.15 eq} was placed in two-neck
bottle. Under vacuum for 1 hr, the three-way valve was diverted to nitrogen device and 60 mL
DCM was added with a syringe. The weighted Step 3 Product was dissolved with 10-15 mL
DCM, imjected into the reaction flask with a syringe, and then slowly added with triethylamine
(4.5 mL, 2.3 eq). The reaction was carried out in an ice bath for about 1 hr and then back to
room temperature for overnight. After completion of the reaction, the mixture was quenched by
adding ddH,0, and was extracted 2-3 times with DCM. The organic laver was collected, dried
with anhydrous magnesium sulfate, filtered with MgSQy and then removal of DCM. The extract
15 purified with the column by using EtOAcHex:MeOH = 1:2: 0.2, The product was a pale
vellow liquid. After purification yield: 50.6 %.

[00173]1 Step S. The weighted Step 4 Product (3.5 g, 1.0 eq) was dissolved in 120 mL DCM,
and then slowly added with Hydrazine hydrate (6.5 mL, 10.0 eq). The reaction was carried out
at room temperature for about 24 hrs. The solution color turned from pale vellow to orange.
After completion of the reaction, the mixture was quenched by adding ddH,0, and extracted 2-3
times with DCM. The organic layer was collected, dried with anhydrous magnesium sulfate,
filtered with MgSOy and then removal of BCM. The extract was purified with the column by
using DCM:MeQH = 9.5: 0.5, In this step, the product was stuck in the column and the MeOH
can be mncreased to 5% to elute the final product. The product was a pale vellow sticky solid.

After purification yield: 31.2 %.
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Example 20 Cytotoxicity Assay of Linkers of the Invention

[00174] We exanmuned the cytotoxicity of 9 linkers and the ICs value for each linker was
calculated. The human brast adenocarcinoma MCF7, MDA-MB-453 and MDA-MB-231 and
human mammary eptthelial cell HIB4BSF5/M10 were choosed for cytotoxicity test. Cells were
seeded in 6-well plates and treated Linker I-1 (Linker [-amide, m=2), Lmker I-2 (Linker I-amude,

m=1}, Linker [-3 (Linker L-amide, m=3}, Linker I-4 (Linker [-amide, m=4}, Linker [-5 (Linker I-

amide, m=5}, Linker -1 (Linker lI-amide, z=1), Linker I}-2 (Linker l-amide, #z=2), Linker H-3

hours at 37°C. After took photos, cells were counted by using hemocytometer. Growth inhibition
was compared with untreated controls to find the linker concentration which inhibited growth by
50% (ICsp). The summary of ICs s showed in Table 1. The ICs value were 300 to 700 uM
finker I-1 to linker I-5 and linker H-1. The ICso value of linker I1-2 to T1-4 1s more than 800 pM.
These data suggesting that the cellular toxicity 1s low to as a hinker for conjugate drug and gold
nanoparticies for drug delivery.

Table. 1 Summary of ICs value of linkers cytotoxicity 1 human brast adenocarcinoma MCF7,
MDA-MB-453 and MDA-MB-231 and human mammary epithelial cell H184B5F5/MI10 for 72

hrs.

1C5 o value for linker

cytotoxicity {pM)

MCEF7

MDA-MB-231

Mid

MDA-MB-453

Linker I-1 692.0+51.9 | 5289+521 58444627 | 298.6+23
Linker i-2 730+36.7 53564216 | 68571055 [432.5£966
Linker I-3 5382 +39.6 | 4537+ 1417 555 +3353 3329498
Linker {-4 5692+ 141 | 53756+819 560+45.1 3423+ 11
Linker |-5 41894238 | 4843+646 | 5693+547 | 460+87.9
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1€

Linker II-1 500.8 474.3 5004 > 800

Lanker H-2 > 800 > 800 > 800 > 800

Linker {I-3 > 800 4283+ 1162 § 585341322 > 800
Linker -4 > 800 > 800 > 500 > 800
Linker 1V-2 > 800 635.5 > 800 7084 £353
Linker SHI-1 >800 55894233 =800 1283+ 15.1
Linker SHi-4 >800 5327 +63.9 >80 1287+ 13.4

Example 21 Preparations of Complexes of gold nanoparticles, linker and anti-cancer
drug and/or antibody

1. Aw/LKE-1/mAb-p24 complex

[00175] Preparation of Aw/LKI-1/mAb-p24 complex

[00176] To conjugate antibody onto gold nanoparticles, anti-HIV-1 p24 (HIV-1 p24)
{GeneTex, GTX41595) antibody was concentrated using 10 kbDa MWCO centrifugal filter
{Millipore, UFCS01024} and was dissolved i 100 mM Na,HPOy, pH 7.4 buffer at 1 mg/mL.
Then, S puL of 100 mM Nal(y4 in water was added to 30 L of antibody solution and the mixture
was mcubated m dark for 30 munutes. The reaction was quenched by adding 250 pl. of 1< PBS.
At this point the carbohvdrate moieties on the Fc portion of the antibody were oxidized to
aldehyde groups. Then, Linker I-1 (Linker F-amide, m=2) was added to the antibody solution.
The linker has hydrazide and dithiol groups on opposing sites of the molecule. The hydrazide
motiety interacts with aldehyde groups of the Fe portion of the modified antibody molecules. The
reaction mixture was incubated at room temperature for 2 hours and then the thiolated antibodies
were collected using centrifugal filters and resuspended in 0.1 M sodium phosphate buffer, pH

7.4, One hundred microliters of the thiolated antibodies at concentration of 0.1 mg/ml were
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mixed with 0.5 mL of gold nanoparticles and the suspension was incubated at room temperature
for Thr. Keep the antibody-gold nanoparticles complexes at 4°C for storage for further use.
[00177] Characterization of Aw/LKI-1/mAb-p24 complex

(001781 The formulation of AWLKI-1/mAb-p24 complex was analyzed with a UV-Vis
spectrophotometer {Beckman, DU 800). The surface plasmon resonance spectra recorded
showed a 2 nm red shift in the plasmon peak {(An.) of the antibody-conjugated gold
nanoparticles (Fig. 1A). Red fluorescence immages of Alex Fluor 568 secondary antibodies
labeled Au/LKI-1/mAb-p24 complex was measured using an inverted microscope {Nikon,
TE2000-U).  Fach gold nanoparticle showed red fluorescence suggesting that each gold
nanoparticle conjugated with anti-HIV-1 P24 antihodies on surface (Fig. 1B). Furthermore, we
mvestigated the binding affinity of anti-HIV-1 P24 antibodies on gold nanoparticles. From
ELISA, we could confurm the binding affinity of Av/LKI-1/mAb-p24 complexes to anti-HIV-1
P24 proteins (Fig. 1C).

2. Aw/LKE-1 or LK E-5/AB-EGFR complex

[00179] Preparation of Auw/LEI-1 or LK -5/ Ab-EGFR complex

(001801 To comugate antibody onto gold nanoparticles, anti-human EGFR clone Hll
{Thermo, MA1-12693) was concentrated using 10 kDa MWCO cenirifugal filter (Millipore,
UFC501024) and was dissolved 11 100 mM Na,HPOy, pH 7.4 buffer at 1 mg/mL. Then, S ul of
100 mM NalQOy4 10 water was added to 50 pl of antibody solution and the miuxture was mncubated
in dark for 30 minutes. The reaction was quenched by adding 250 uL of 1+ PBS. At this pomnt
the carbohvdrate moieties on the F¢ portion of the antibody were oxidized to aldehyde groups.
Then, Linker I-1 {Linker I-amide, m=2} or Linker [-5 (Linker I-amide, m=3) was added to the

antibody solotion. The linker has hydrazide and dithiol groups on opposing sites of the molecule.
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The hydrazide moiety interacts with aldehyde groups of the Fc portion of the modified antibody
molecules. The reaction mixture was incubated at room temperature for 2 hours and then the
thiolated antibodies were collected using centrifugal filters and resuspended v 0.1 M sodium
phosphate buffer, pH 7.4, Oune hundred microliters of the thiolated antibodies at concentration of
0.1 mg/ml were mixed with 0.5 mL of gold nanoparticles and the suspension was mncubated at
room temperature for 1 hr. Keep the antibody-gold nanoparticles complexes at 4°C for storage
for further use.

[00181] Characterization of Aw/LEKE-1 or LK -8/ AB-EGKFR complex

[00182] The formulation of Aw/LKI-1/ Ab-EGFR complex or Auw/ LK I-5/ Ab-EGFR complex
was analyzed with a UV-Vis spectrophotometer (Beckman, DU 800). The surface plasmon
resonance spectra recorded showed a 2 nm red shift in the plasmon peak (Anax) of the antibody-
conjugated gold nanoparticles (Fig. 2). We examined two linkers, Linker I-1 (Linker I-amide
{(m=2)) and livker I-5 (Linker T-amide (m=5)), for EGFR antibody and gold nanoparticles
conjugation. Flow cytometry analysis of Aw/LKI-1/ Ab-EGFR complex and AwLKI-5/ Ab-
EGFR complex were demonstrated targeting affinity on human breast adenocarcinoma MCF-7
cells. Both AWLKI-1/ Ab-EGFR complex and AwLKI-53/ Ab-EGFR complex were showed
similar targeting ability comparing to EGFR antibody (Table 23, These data were suggested that
hinker 1s sustable for antibody and gold nanoparticles conjugation and keep the binding affinity
for antibody.

Table. 2 Flow cytometric analysis of the targeting effect of Ab-EGFR, Aw/LKI-1/Ab-EGFR

complex and AwLKI-5/Ab-EGFR complex on EFGR of the surface in MCF-7 breast tumor cells.

AWILKI-1/Ab- AWLKI-5/Ab-
Ab-EGFR
EGFR complex EGIFR complex
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[00183] 3. Auw/LKR-1/Trastuzumab (Tras) complex

[00184] Preparation of Au/LEI-1/Tras complex

(001851 To comjugate antibody onto gold nanoparticles, Tras (JHL biotech, JHL1188)
antibody was concentrated using 10 kDa MWCO centrifugal filter (Millipore, UFC501024) and
was dissolved in 100 mM Na HPO,, pH 7.4 butter at 1 mg/mL. Then, 5 pl of 100 mM Nal(; in
water was added to 50 ul of antibody solution and the mixture was incubated mn dark for 30
mimites. The reaction was quenched by adding 250 ul. of 1x PBS. At this point the carbohydrate
moieties on the Fc portion of the antibody were oxidized to aldehyde groups. Then, Linker I-1
{Linker I-amide {m=2)) were added to the antibody solution. The linker has hydrazide and
dithiol groups on opposing sites of the molecule. The hydrazide moiety interacts with aldehyde
groups of the Fc portion of the modified antibody molecules. The reaction mixture was incubated
at room temperature for 2 hours and then the thiolated antibodies were collected using
centrifugal filters and resuspended in 0.1 M sodium phosphate buffer, pH 7.4. One hundred
microliters of the thiolated antibodies at concentration of 0.1 mg/ml were mixed with 0.5 mL of
cold nanoparticles and the suspension was incubated at room temperature for 1 hr. Keep
AwLKI-1/Tras complex at 4°C for storage for further use.

[00186] Characterization of Aw/LKE-1/Tras complex

The formulation of Aw/LKI-1/Tras complex was analyzed with a UV-Vis spectrophotometer
{Beckman, DU 800). The surface plasmon resonance spectra recorded showed a 8 nm red shift
in the plasmon peak (An.) of the antibody-conjugated gold nanoparticles (Fig.3). We examined

AWLKI-1/Tras complex. Flow cytometry analysis of Aw/LKI-1/Tras complex were demonstrated



-3
<
<

WO 2017/012568 PCT/CN2016/090893

a0

targeting affinity on human breast adenocarcinoma cells. Aw/LKI-1/Tras complex were showed
similar targeting ability comparing to Trastuzamab (Table.3).

Table 3. Flow cytometric analysis of the targeting effect of Tras and Au/LKI-1/Tras complex on

Her2/neu of the surface in MDA-MB-453 breast tumor cells.

] AWLKI-1/Ab-EGFR
Ab-EGFR
complex

% Trastuzumab to Her2/neu on cell surface

{cell ine: MDA-MB-453)

95.89 99.98

[00187] 4. Au/LKI-1/Etanercept (ETA) complex

[00188] Preparation of Aw/LKI-1/ETA complex

[00189] To conjugate antibody onto gold nanoparticles, Ftanercept (ETA) (Mycenax biotech,
TuNEX) was concentrated using 10 kDa MWCO centrifugal filter (Millipore, UFC301024) and
was dissolved in 100 mM Na,HPOy, pH 7.4 buffer at 1 mg/mL. Then, 5 uL. of 100 mM NalG; 10
water was added to S0 ul. of antibody solution and the mixture was mcubated i dark for 30
minutes.  The reaction was quenched by adding 250 ul. of 1x PBS. At this point the
carbohydrate moteties on the F¢ portion of the antibody were oxidized to aldehyde groups. Then,
finker I-1 was added to the antibody solution. The linker has hydrazide and dithiol groups on
opposing sites of the molecule. The hydrazide moiety interacts with aldehyde groups of the Fc
portion of the modified antibody molecules. The reaction mixture was incubated at room
temperature for 2 hours and then the thiolated antibodies were coliected using centrifugal filters
and resuspended i 0.1 M sodium phosphate butter, pH 7.4, One hundred muicroliters of the

thiolated antibodies at concentration of 0.1 mg/ml were nmixed with 0.5 mL of gold nanoparticies
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and the suspension was incubated at room temperature for 1 hr. Keep Auw/LKI-1/ETA complex at
4°C for storage for further use.

[00190] Characterization of Aw/LKI-1/ETA complex

[00191] The formulation of AWLKI-T/ETA complex was analyzed with a UV-Vis
spectrophotometer {Beckman, DU 800). The surface plasmon resonance spectra recorded
showed a 2 nm red shift in the plasmon peak (An,) of AWLKI-I/ETA (Fig. 4A) Red
fluorescence umages of Alex Fluor 568 secondary antibodies labeled Au/LKI-1/ETA complex
was measured using an inverted microscope (Nikon, TEZ000-U}.  Each gold nanoparticle
showed red fluorescence suggesting that each gold nanoparticle conjugated with ETA antibodies
on surface {(Fig. 4B} We further examined Auw/LKI-1/ETA complex by binding with secondary
antibody conjugated with 1-5 nm AuNPs. In TEM images of Avw/LKI-1/ETA complex, binding
of 1-5 nmo gold-labeled secondary anti-human IgG antibodies to ETA located on the AuNP
surface was observed (Fig. 4C). We further investigated the TNFo blocking ability of ETA and
AWLKI-UETA. MCF-7 cells (5x10°) were treated with the mixtures of 12.5 ng/mL TNFo and
62.5, 125, 250, 500 ng/mb ETA or AwLKI-1/ETA complex for 2 hours, respectively. The
treated cells were incubated at 37 °C for 72 hours and then the cell numbers were counted by
MTS [(3-(4,5-dimethylthiazol-2-y1}-5-(3-carboxymethox yphenyl}-2-(4-sulfopheny1}-2H-
tetrazolium}] assay. The TNFo blocking ability was observed in both ETA only and Avw/LKI-
VETA complex. ETA and AwLKI-1/ETA complex were used to test their abilities in blocking
TNFu induced MCF-7 cell apoptosis, Table 4 AwLKI-I/ETA complex was showed similar
blocking TNFo ability comparing to ETA

Table 4. The ability of AwWLKI-1/ETA complex to block TNFo—-induced MCF-7 cell apoptosis

TNFa 12.5 ng/mL Relative cell survival %
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Bose (ng/mbL) ETA AWLKI-1/ETA Complex
62.5 367+£14 356+49
125 685+23 549431
250 821+65 672+22
500 1033 +09 100.9+54

[00192] 5 Aw/LKI-1/Doxorubicin (Dox) complex

[00183] Preparation of Aw/LKI-1/Dox complex

(001941 1 eq doxorubicin and 2 eq hnker I-1 (Linker I-amide (m=2} were added to dry
MeOH and mixed at room temperature. TFA (1.3eq.) was added to the resulting mixture for
reaction overnight. The resulting mixture was filtered to obtain clear solution. The clear
solution was added to a flask with 50 mL EtOAc by dropper, stirred for 20 minutes and filtered
to obtain Dox-Linker-1 solid. The resulting solid was wash with EtOAc and then dried. 400 pLL
Dox/LKI-1 (2000 ppm) and 2 ul NaOH were added to 1 mL AulNPs (50 ppm) and then mixed
for 21 hours. The mixture was centrifuged at 1400 rpm for 20 minutes. The resulting precipitate
was washed by DI water and the resulting precipitate was resuspended in DI water. PEGs (2K,
2000 Da) were added to the suspension and mixed for overnight to obtain AuwLKI-1/Dox
complex.

[00195] Characterization of Auw/LEKE-1/Dox complex

[00186] The AWLKI-1/DOX complex was analyzed with a UV-Vis spectrophotometer
{Beckman, DU 800). The surface plasmon resonance spectra recorded showed a 3 nm red shuft
i the plasmon peak (Amay) of the AWLKIE-1/Dox complex (Fig. S).

[00197] Others hinkers, 1-2) 1-3) -4 1.5 Q-1 B-2, 113, H-4, 1V-2, SHiI-1 and SHI-4, were
used to conjugate BOX and gold nanoparticles to obtain various complexes according to the

above-mentioned process.
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Example 22 Cytotoxicity Assay of Au/Linkers{LEs)/Deox complexes

We examined the cytotoxicity of Aw/LKs/Dox complexes and the ICs; value was calculated. The
human brast adenocarcinoma MCF7, MDA-MB-453 and MDA-MB-231 and human mammary
epithelial cell H184B5SFS/MI0 were choosed for cytotoxicity test. Cells were seeded in 96-well
plates and treated 2 uM doxorubicin (Dox), 20-5C nm gold nanoparticles conjugated with
doxorubicin using various hinkers as shown in the table below and capped with SH-PEG
{Aw/LK/Dox, contained 2 pM doxorubicin} and further incubated for 72 hours at 37°C. The
CellTiter 26® AQueous One Solution Cell Proliferation Assay (MTS) reagent was purchased
from Promega (Madison, WI, USA) and the assay was performed according to the
manufacturer’s instructions. Absorbance was measured at 490 nm using a microplate reader
(Bio-tek, Powerwave X340, Winooski, VT, USA). Growth inhibition was compared with
untreated controls to find the Aw/LKs/Dox complexes concentration which inhibited growth by
50% (ICs0).

Table. 5 Summary of ICs value of AwLKs/Dox complexes cytotoxicity i human brast
adenocarcinoma MCF7, MDA-MB-453 and MDA-MB-231 and human mammary eptthelial cell

HIB4BSF5/M10 for 72 hrs,

IC,, value for complex

MCF7 MDA-MB-231 | MDA-MB-453 Mid

cytotoxicity (uM)

Au/Linker I-1/Dox

(.54 +0.03

0.51£0.082

193502

0.4910.0134

Aw/Linker {-2/Dox 0.7 £ 0.0096 0.86 £ 0.056 0.7£0.05 0.46 +0.058
Aw/Linker I-3/Dox > 2.0 >2.0 > 2.0 >2.0
Ag/Linker 1-4/Dox >2.0 > 2.0 >20 > 2.0}
Aw/Linker {-5/D0ox >20 > 2.0 > 2.0 > 2.0
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Ag/Linker 11-1/Dox

0.65+0.037

0.83 £0.027

(.69 £ 0.026

0.56 0015

Axw/Linker {1-2/Dox >20 0.98 £0.26 >2.0 0.6720.1
Aw/Linker H-3/Dox (.76 £0.03 0.46 £ 0.035 0850319 0,19+ 0.03
Ag/Limker 11-4/Dox > 2.0 >2.0 1.9£0.12 0.7+ 0.137
Au/Linker IV-2/Dox 0.77£0.02 0.57 +£0.048 0.73£0.073 0.49 £ 0.031
Aw/Linker SHI-1/Dox 0.82 1009 >2.0 2.0 =20
Aw/Linker SHI-4/Dox 0.75+£0.15 =20 >2.0 =7 0
Dox 0.41 £ 0035 0.67 +£0.088 0.65£0.072 0.14 £0.034

The IC30 value were 0.46~1.93 uM in Aw/LE/Dox complex (LKI-1, LKI-Z, LKII-1, LKII-3 and
LKIV-2) for cancer cells (MCF-7 ~ MDA-MB-231 ~ MDA-MB-453) similar to Dox. For the
normal cell, M10, the cellular toxicity of complexes are lower than Dox. The data suggests that
the Aw/LKs/Dox complexes are more safety than Dox.

Example 23 pH-sensitive LKE-1 release test of Au/LKE-1/Dox complex

(001981 I mbL of AwLKI-1/Dox complex solution was centrifuged at 14000 rpm for 20
minutes. The supernant was dicarded and a buffer with pH 5.5 or a buffer with pH 7.4 was added
therto. After different time ponts, the complex solution was centrifuged at 14000 rpm for 20
nunutes and then the supernant was taken to subjecte to fluorescence scan at 557.6 nm (F-4500
FL Spectrophotometer) to obtain OD values. The Dox amounts realeased from the complex can
be obtained by interpolating from a Dox standard curve (X hours Dox release amount).

(001991 1 mbL of AwLKI-1/Dox complex solution was centrifuged at 14000 rpm for 20
mimites. The sopernant was dicarded and a buffer with pH 1.0 was added therto. After one hour,
the complex solution was centrifuged at 14000 rpm for 20 minutes and then the supernant was
taken to subjecte to fluorescence scan at 557.6 nm {F-4500 FL Spectrophotometer) to obtain OD

values. The Dox 100% release can be obtained by interpolating from a Dox standard curve
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{(pH=1 incubation 1h Dox release amount). The Dox cumulative release percentage 1s calculated
according to the following formula.

€ Dox cumulative release % = (X hours Dox release amount/ pH=1 incubation 1h Dox release
amount}*100%

Table.6 pH-sensitive LKI-1 release test of Aw/LKI-1/Dox complex

Dox refease of AwWLKI-1/Dox, (%)
Incubation tume (h} — -
pH=535 pH=74
i 23.40 6.12
3 27 87 7.30
5 27.80 7.39
7 3211 7.54
i2 37.16 7.51
24 46,01 7.91
4% 5539 3.96
72 70.45 8.88

[00200] The data shows LKI-1could release more Dox at pHS.5 than at pH 7.4. In AwLKI-
1/Dox, Dox was more and more released i time-dependent.

Example 24 Efficacy study design

[00201] BALB/c-nw/nu mice were purchased from BioL ASCO Taiwan. EFight week old
male mice were injected unilaterally with 1.0x10" MDA-MB-231 breast tumor cells in 200 pL of
50:50 Matrigel/Letbovitz’s (L-15} into the dorsum by subcutaneous injection (1} Vehicle-PBS
{negative control}, {2} Doxorubicin {positive control), 5 mg/ke, (3} Av/PEG, (4) Avw/LKI-1/Dox
complex, 5 mg/ke of Dox. Treatment was ongoing until clinical symptoms necessitated sacrifice.
Mice were weighed a minimum of two times/weekly and were monitored tumor size until
clinical symptoms necessitated sacrifice (see Fig. 6A, 68). TEM images of MDA-MB-231 breast

tumor cells treated with Aw/LKI-1/Dox complex in xenograft model. The arrows in the figure
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show that the Auw/LEKI-1/Dox complex exist inside the MDA-MB-231 breast tumor cells. {see Fig.
6C) H&E stain of MDA-MB-231 tumor cells treated with AwWLKI-1/Dox complex in xenograft

model. (see Fig, 6D}
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Claims
What is claimed is:

I. A pH-sensitive hnker having the followmg Formula ()

K o {OH Mo P o O

wherein

/\\

T
Xis S -SH, -NH, (Boc-NH-; Fmoc-NH-), -COOH;
nis 110 6;

P is ~C{OINH- or ~C(0)O-;

PCT/CN2016/090893

B

Q is ~R(CHCH,0)m-, R(-C(O)NH-)z or ~R[-C(O)YCH, CH,-C(ONH-(CH,CH,0)m]Y;

R 15 a bond,-C_palkyl or Cy_jpalkoxy;
misiiol2;
z1s 1 1o 4; and

YisttolZ

2. The pH-sensitive linker of Claim 1, which has the following formula:

¥ .
. " 7
A \«“J\\#"ﬁ N’\»&“ \N"{%\ﬁ”wi&}\ ~ N “a,;;_g
{" ;; ® {3 N )
\gvS H O

whereinmis 1 to 12,

,

{Linker I-amide},

3. The pH-sensitive linker of Claim 1, which has the following formula:
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(Linker I-C(O)0O; Linker IH),
whereinm is 1 to 12,

4. The pH-sensitive linker of Claim 1, which has the following formula:

{SH-C,-linker-I},
whereinm is 1 to 12

5. The pH-sensitive linker of Claim 1, which has the following formula:

\\\r“ \\'\v

{SH-Cs-linker-I-amide),
whereinmis 1 to 12

6. The pH-sensitive linker of Claim 1, which has the following formula:

(SH-Cs-linker-I-C(0)0- HS-Cs-hinker-IIT},

wheremmmis 1 to 12,

~

The pH-sensitive hinker of Claim 1, which has the following formula:

{ ppNH-C-linker-T-amide),
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wherein pp s a protection group {(such as Boc or Fmoc); andmis 1 to 12

8. The pH-sensitive linker of Claim 1, which has the following formula:

s
Yt
e

e £ g

{(ppNH-C-linker-I-C{0Y0-; NH,-C1-hnker-L-C(G)O-},

5 wherein pp 1s a protection group {such as Boc or Fmoc); and m s 1 to 12.
9. The pH-sensitive linker of Claim 1, which has the following formula:
oy T o, . f’ . @é._ R . . ENH"_»
<,a ».V,:t,,«"‘ ™ N N-*‘{:\xlr J_r \“vﬁ_"’ M 2
) . ¥ ey e :H
- O
(Linker H-amide),
whereinz s 1 to 4.
10. The pH-sensitive linker of Claim 1, which has the following formula:
G . O
.\a‘“ﬂ‘\‘,«e »\\, ‘_-""’“\\ «-J‘L,{-\{x {“"‘\n\ N ‘%i_‘\‘_‘u"‘w“-\ ™ JL\ By < S\éH R
< R (ST
S. - S i}; HN
10 {Linker - {0)0-),
whereinzis 1 to 4.
11. The pH-sensitive linker of Claim 1, which has the following formula:
15 {SH-Cs-linker-Ii-amide),

whereinzis 1 to 4.
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12. The pH-sensitive linker of Claim 1, which has the following formula:

(SH-Cs-linker-II-C{0}0-),
whereinz is § to 4.

13. The pH-sensitive linker of Claim 1, which has the following formula:

{(ppNH-C;-linker-ll-amide),
wherein pp 18 a protection group (such as Boc or Fmoc); and
zislto4d

14. The pH-sensitive linker of Claim 1, which has the following formula:

oy

{(ppNH-C-linker-11-C{030-),
wherein pp 1s a protection group {such as Boc or Fmoc); and
zisltod

15. The pH-sensitive hinker of Claim 1, which has the following formula:

%H:
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(Linker IV-amide),

wheremm Yis 1 to 12,
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{Linker IV-C(O)0-),

wheremm Yis 1 to 12,

17. The pH-sensitive linker of Claim 1, which has the followmng formula:

5
H :\'3\ ey
{SH-Cs-linker-IV-amide},
wherein Yis 1 to 12,
18. The pH-sensitive linker of Claim 1, which has the following formula:
3 i -.»'1"' \\
¥ SN :.;i;w_\*“‘\t\\h‘ﬁe‘\-ﬂ* ‘V\‘_‘*;\‘ﬂ‘:\',\ {},W“\\M ‘,\\i..\::
10
(SH-Cs-linker-IV-C(0)0-),
wherem Yis 1 1o 12,
19, The pH-sensitive linker of Claim 1, which has the following formula:
15 {ppNH-C;-hoker-1V-amide},

wherein pp is a protection group {(such as Boc or Fmoc),;and Yis 1 t0 12,
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20. The pH-sensitive linker of Claim 1, which has the following formula:

N N N N
e A".'a“%"“?\""\»"‘%’“*% BN TN T St
P = i i :

s
&¥

{(ppNH-C;-hoker-IV-C{0)Y0-),
wherein pp is a protection group {such as Boc or Fmoc); and Yis T to 12,

21. A metallic nanoparticle complex, comprising a8 metallic nanoparticle complexed with
one or more linkers of any of Claims 1 to 20, optionally complexed with one or more
PEGs.

22. The metallic nanoparticle complex of Claim 21, wherein the metallic nanoparticle s
Au nanoparticle, Pd nanoparticle, Pt nanoparticle or Ag nanoparticie.

23. The metallic nanoparticle complex of Claim 21, wherein the more linkers are same or
different.

24. The metallic nanoparticle complex of Claim 21, wherein the metallic nanoparticle
complex comprises plural linkers with different molecular length.

25. The metallic nanoparticle complex of Claim 21, wherein the molecular weight of
PEG used 1n the invention ranges from about 2000 to 20,000 Da.

26. The metallic nanoparticle complex of Claim 21, wherein the metallic nanoparticle 1s
in a size less than about 80 nm.

27. The metallic nanoparticle complex of Claim 21, wherein the metallic nanoparticle
complex further links one or more same of different therapeutic or diagnostic agents.

28. The metallic nanoparticle complex of Claima 27, wherein the therapeutic agent is anti-
tumor drug or an antibody, preferably, the antibody is an antibody targeted to a

specific cell such as tumor cell or an anti-tumor antibody.
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. The metallic nanoparticle complex of Claim 28, wherein the anti-tumor drug 15 an

anti-cancer drug.
The metallic nanoparticle complex of Claim 29, wherein the anti-cancer drug 1s an
alkylating agent, an alkyl sulfonate, an aziridine, a purine analog, a pyrimidine analog,

camptothecin or doxorubicin, cisplatin,

. The metallic nanoparticle complex of Claim 29, wherein the amount of the anticancer

accounts for about 1% to about 50% (weight/weight} of the metallic nanoparticle

complex.

. A pharmaceutical composition, comprising one or more metallic nanoparticle

complex linking one or more same of different therapeutic or diagnostic agents and a

pharmaceutically acceptable carrier.

. A method of delivering a therapeutic or diagnostic agent to a subject, comprising

admunistering the metaliic nanoparticle complex of Claim 27 to the subject.

- A drug delivery system, comprising one or more metallic nanoparticle complex of

any of Claims 1 to 20 linking one or more same of different therapeutic or diagnostic
W gl

agents.
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