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/ Bioorthogonal Bond Cleavage Reaction

Bioorthogonal ligation reactions Bioorthogonal cleavage reactions
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= Bioorthogonal chemistry has been viewed as two-
component Aigationoreactions.
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Available starting materials and reagents
Simple, broad in scope yield
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Bioorthogonal Cleavage Reaction
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Bioorthogonal Cleavage Reaction
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‘ Bioorthogonal Bond Cleavage Reaction

Photo-induced {prototype)
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Metal-induced
(ii)
0 I(nside cells
; [Ru] sometimes
.\NJ\O—:’\J//” 3 @—NH, thiolsneeded)
: -C0O,, H,0
Ciii)
(0]
.\ Jj\ : PANP Inside cells
H Gf:\ —— 3 O—NH, (on protein)
-CO,, H,0
(iv) o
L G [Cul !:r'1 hibitad b
. inhibited by
N™ 700 yy — 3 O—NH:  hiols)

-C0O,, H,0

Organic small molecule-induced
(v)

o)
' Tz Inside cells
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‘ Introduction of Prodrug Delivery

el 22
ﬁlﬁﬁ TiEH

E=prka RIAE A Improve the physical and chemical
properties of the original drug

A Overcoming absorption,

distribution, metabolism,

excretion and toxicity reactions

Finding Drug Targets
for Disease
@ Screening of lead compounds

and pharmacophores

Optimizing drug lead
molecule -target interactions

[1] Mini Rev Med Chen2010 Dec; 10 (14):13180.



’ Introduction of Prodrug Delivery

. Pharmacokinetics of the molecules PK
' ’ . Absorption, Distribution, Metabolism and Excretion (ADME)
&
~®
I % Poor water solubility

% Low cell entry
% Too fast or too slow metabolism

O 0H g A0H » Low spatiotemporal resolution
0 HO x Premature leakage of the dru
O\( g g
CHs
Aspirin

® Bioorthogonal progrugs @ Prodrugs
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Organic small moleculel induced
Bioorthogonal Bond Cleavage Chemistry between TCO and Tetrazine.

o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

; 5 *
OsNH 0 INH | _ .
j); a’ Antibodyi

R l
Q R merization R :
O\NJLO% . AIJJ\N Click 2L, Jautomerzgto Aon drug-conjugate
H \ YU N N . (ADC) release
R N H L & I
T : ' +N,
@+, . co, + (j:;"‘ Aromatization O¢E : - +CO,
\\ R //,

T L .

o ——

Developed a new bioorthogonal elimination reaction that enatsdtmtaneous
selFimmolative, and traceless releasef a substance from traityclooctene
following tetrazine ligation.

Reduction of the toxicity of doxorubicin to 1/1000 by eliminable modifications.
In 25% MeCN in PBS, the inDA pyridazine elimination reached 79% vyield
Marc S. Robillard within minutes under ambient conditions at micromolar concentrations.

[1]: Angew. Chem. Int. Ed. 2013, 52, 141127 14116 11



Organic small moleculel induced
Bioorthogonal Bond Cleavage Chemistry between TCO and Tetrazine.

R’ e}
J§ 2: R' = R? = 2-pyridine — )L —~ W
N 3:R'=2-pyridine; R? = CH, S0 R NS T'H
Y 4R'=R’=CH, H 0 OH
R? )ZO o
8e 8a R°HN 1a .
. . - . . . .
. . o . o . o, .
Probe Tetrazine stability at 37°C Tetrazine reactivity with TICO15 in MeCN at 20°C: 23 h | . | ) L . v
ky[m s
in PBS: in serum: proportion  8e-Bn 8a-Bn 1a ’
tz ] intact at 4 h [%] 6h . | L .JLL\MJL .
2 9.6£0.13 75.1+£4.2 0.37+£0.10 57.7+5.0 1140+85 } L_M“LL
3 141541480 96.3+1.9 - 5.944+0.24 - 120 min M. __ b A
4 14.4+0.35 100+2.0 - 0.544+0.06 - -
48 min | | N l,'. MUU/MA
=<NHR3 NHR? (£< NHR? NHR®
o] o o] 8] .
o] /RL‘I >, R! (O R! C}’_{ R 18 min _—]U._._ S N W .___..h....___.____L;l%
Y "‘\ -
N™™N ~N = "NH ~N
@ Cole N (jli& - S NH emn  or ot e
RZ + N2 H R2 H RQ RZ X
8a.e 2-4 9ae \ l 10a,e 13a,e 2 min _h ) ~ A 4 " ) N .J(Mh o
R R’ B.‘U 7j5 7I.U 6j5 5;0 5I.5 5.‘0 4j5 4jU 3.5 3j0 2j5 Zjﬂ ‘|j5 1j0 Uj5
51 ppm
~N ~N
Cﬁ;l\'l — | N Figure 2. '"H NMR spectroscopic analysis of the reaction of tetrazine 4 with TCO 8a-Bn in [Ds]MeCN at 20°C,
H Legend: x: tetrazine 4; A: TCO 8a-Bn; +: 4,5-inv-DA adduct 9a (R',R2=CH,; R*=Bn); m: non-aromatic
11 R 12 R? elimination product 11; «: aromatic elimination product 12; e: 1,4-inv-DA adducts 10a/13a (R',R?=CH;;

+CO, + RENH, R?=Bn); #: benzylamine (14-Bn).
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[1]: Angew. Chem. Int. Ed. 2013, 52, 14112 i 14116
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Organic small moleculel induced

8a-Dox 2-4

2: R = R? = 2-pyridine
3: R" = 2-pyridine; R? = CH,4
4:R"=R?=CH,

Table 2: Doxorubicin (14-Dox) release from 8a-Dox following the
addition of tetrazine 2—4 (10 equiv) in 25% MeCN in PBS or 50% serum
at 37°C, as measured by HPLC-MS/PDA at 4 h (n=3).

Probe Doxorubicin release [%)]

in PBS/MeCN (3:1) in serum
2 7+3 121
3 5544 46+3
4 79+3 75+4
i 0 0

[a] No release of 14-Dox from 8a-Dox was observed at 37°C in PBS
(72 h) or serum (24 h).

[1]: Angew. Chem. Int. Ed. 2013, 52, 14112 i 14116

12

Bioorthogonal Bond Cleavage Chemistry between TCO and Tetrazine.

Table 3: EC;, (half-maximal effective concentration) values for doxoru-
bicin (14-Dox), tetrazines 2—4, and the TCO conjugate 8a-Dox alone and
in the presence of tetrazines 2-4, as obtained from proliferation assays

on A431 tumor cells,

Compound

ECs, [W""]lal

14-Dox

8a-Dox

8a-Dox+2 (10 um)
8a-Dox—+3 (10 um)
8a-Dox+4 (10 um)
2

3

4

0.037 (0.026-0.052)
3.834 (2.051-7.166)
0.280 (0.208-0.375)
0.072 (0.053-0.097)
0.049 (0.036-0.066)
18.98 (11.99-30.04)

21.05 (12.22-36.24)
48.23 (27.28-85.24)

[a] The ECs, 95 % confidence interval (n=3) is given in parentheses.

13



Organic small moleculel induced
Click Activated Protodrugs Against Cancer (CAPAC)

01 02 03 \
Localization | Infusion Activation .+, Tumor-targeting E
' agent !

’ o |

. 42 (4. @ potdug
. o ‘ ) ‘. |

° e ® 1

& .“'. s B ® activedrug

Activator is targeted Systemic infusion Release of active :
to tumors of protodrug drug at the tumor !

N e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

SQL70

Dox

[1]: ACS Cent. Sci. 2023, 9,. 140011408
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Organic small moleculel induced
Click Activated Protodrugs Against Cancer (CAPAC)

v

H&E MSI (mz 397.090)
Schedule Staining Overlay  Dox fragment ion

Dox 1 1 101 pg/mL
(8.1 mg/kg/dose)

SQ3370
(78.6 mg/kg/dose in Dox Eq) ILI 1

SQ3370
(78.6 mg/kg/dose in Dox Eq) ﬂ'll ll' !’ ll' !’
[ | | |
2 3 4 5

|
Day 1

ﬂ 100 pL biopolymer intratumorally on Day 1

SQ3370
Day 2
AN = advanced-stage necrosis;
EN = early-stage necrosis;
N = necrosis;
S = stroma;
_ ' SQ3370
T = tumor. Day 5

14.3 pg/mL

[1]: ACS Cent. Sci. 2023, 9,. 1400711408
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Organic small moleculel induced
Click Activated Protodrugs Against Cancer (CAPAC)

A Bl SQP33 protodrug B
L p < 0.0001
§ % 5
E_ g
=i c
o o Q
Schedule £ 2
Day1 O 8 3
Dox £ I g
(8.1 mg/kg/dose) 1 l‘ gg 2004 §
SQ3370 c c
(78.6 mg/kg/dose in Dox Eq) J]'l' 1 g 0 é
SQ3370 Vehicle SQL70
(78.6 mg/kg/dose in Dox Eq) ILII' ll' !’ II' ll' b =0.0399
| I R R S " P §
Day1 2 3 4 5 £ - g
| | & & 200
ﬂ 100 pL biopolymer intratumorally on Day 1 B 3 8 S
ay © _ ©
5 E 100 &5
D ©
@ a
c c
3 g
= 0- =

Vehicle SQL70

Beagle dogs

[1]:ACSCent.Sci. 2023, 9,. 1400711408

)

N

(ng/mL Dox Eq.
8
I |

:

(ng/mL Dox Eq.)

o
)

Il Active Dox

p < 0.0001
1

Vehicle SQL70

p <0.0001

Vehicle SQL70

16



Organic small moleculel induced
Click Activated Protodrugs Against Cancer (CAPAC)

i Phase 1: Safety and tolerability i
i Phase 2a: Safety, tolerability, and efficacy in
Dox-sensitive tumors. i

1
1
1
e e e e e o o o o o o o o o B B B B B o B o B o B B B B S B B B o B B o B o B o B B B B o B o s 1

#- Plasma SQP33 —¥ Plasma active Dox

1200

1000

Mean Plasma
Concentration (ng/mL)
[ |

T 1
800 — 0 24 48 72 % 120

Time (hours)
600 —

(mg/m? in Dox Eq.)

400

Total Dose per Cycle

200 —

1x = 75 mg/m? YBLOQ

Mean Plasma
Concentration {ng/mL)

Dose Escalation Cohort 107

T T T T 1
0 24 48 72 96 120

Time (hours)

[1]: ACS Cent. Sci. 2023, 9,. 140011408
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Photo-induced

Photoclick and Release with Fast Kinetics

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e -

OR

A Established a novel photocligindrelease platform for
bioorthogonal prodrug design that possesses fast click
kinetics (k = 1.3~22.6 Ms -1) and multiple outputs
(drug payloadsor fluorescent reporter).

[1]: ChemBioChem. 2023, 24, e202200506

R4
4 Click and release
Ri co+ W
R k=14~59M's”
0]
A hv |- = R
o o o —>< RZ‘K] O\‘S'\s Click and release O\\S/,O
4 \O g ZON
O Si O \ O Si O ,{L/\>"1‘ k=17.7~226 M''s™ Ry NH;
OR RO 7N\ o]

X
cos
- R4"<\S \ k=13~34M's"

- e e e e e e e e e e e e e e e e e e e e

Fluorescence On

Click and release

Ty

" 162¢e G

_______________________________

A Successfully applied in live cells to delived and
afluorescent selfreporter, both of which exhibited
pronounced antiproliferative activity against 4T1
cancer cells.
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Photo-induced
Photoclick and Release with Fast Kinetics

Ao Ao

S §
O, O,
O hv (365nm) O
10% DMSO/PBS, R T. 600~
-»- With irradiation
£ - Without irradiation
o L o
o 0 4
» o %
(o}
0 0 o
* 7(.—
0
0 2 4 6 8
Time(min)
HO Br ~ TBSO Br
\@/ i i
(o] 600+
9 10 1 ® 1(30 uM)+ 2a (10 uM)
H § e :
£ $ - = 1(20 uM) + 2a (10 1)
N fo~Jo. v/ _ ol - i R T gun s 1(10 uM) + 22 {10 bt
Si 3 Si * PY
iv v - S .
— = = [ ] a A 3
_ O‘S'O(/\,O)\ L nozzoo. a - . il A
Y /@ ° ° VY = .,a .
A
0 13 (Y > L— . ' ' g
12 1 0 5 10 15 20 25
Time (min)

[1]: ChemBioChem. 2023, 24, e202200506 50



Photo-induced

Photoclick and Release with Fast Kinetics

Bright field Red field Bright field Red field

AT
=

1-Ac
AL
§ 1+2a
O
O hv (365nm)
\ 10% DMSO/PBS, R T.
! > + + 1~
St IP=o \ 1+2a+1-Ac
() co /
O > - - - - - - . -
?‘ 1 Without irradiation With irradiation
O
i S A o aan Ha
§ B 1+2a without irradiation
5 = 1+2a irradiation before
% treatment
g B 1+2a with irradiation
J o

Conc.[uM]

[1]: ChemBioChem. 2023, 24, e202200506 21



Photo-induced

Y Click, cyclize, and releasey strategy. .
W
&

g N O ph— _—Ha

Hc
/ Ph Ha For 3a . Hf
y \ O O — OH DMSO-dg, 37°C Lactonization (0)
ORI AR~ e =
O Click & Cyclise & OO - ‘
Release Release co . PhC(Hd),0H e
( 1a 2 HO
W -

O

| :
' |

' 1

' 1

' 1

| | o) Ph

1

! O ( O_R3 i x

| R R;-OH :

T - : CO .
i + !

' 1

' 1

' 1

' 1

' 1

! 1

He Hb’ 32

©/ * Fluorescence On . A |
» Muitiple Outputs
\‘\\ ,/' 6h
A To address the challenging issues associated with the A
delivery of a gaseous molecule (eay).
A Develop a general strategy of prodrugs with multiple ® e ool - -
outputs. |
A Thefluorescent natureof the byproduct after prodrug - M  Ha

activation can be used as a reporter molecule for real
time monitoring of payload release.

’’’’’

[1]: Org.Let.2019, 21, 3649713652 29



Photo-induced

o O &3 | For 3b
924
O

o-Drug

O L‘)_D”_lg Lactonization
o] '
. Drug-OH .
DMSOQ/PBS, 37 °C
b

Y Click, cyclize, and releasey strategy.

0

ka

N

1b ﬁ — 3 4b (Fluorescence On)
; CO B Drug- O =
= HO., _
©’ () . o For 3b' OH o4
- O “Drug| | 5ctonization -Drug
Floxuridine
o] . 0] ;
Cco o
3b’ 4b' (Fluorescence On)
A B Floxuridine 4b & 4b’
._J;JL{ B e Sy ‘/{ 4.0 h
6 L N__A - A____30h
§ ' | L Nk M«‘ 7\ 20h
ool [}
o
40 } | 15h
g ; p b » 1b+2 —IN— A\ 2
(]
- 1.0h
E 20 . s 1b LN A . S
g 1b
a Bs 3
0 —- A . e o
0 1 2 3 4 5 — 11— —— ; S——
Time (h) 0 5 10 15 20

[1]: Org.Let.2019, 21, 3649713652

120

m1lb
O1b +2
O Floxuridine

0.5 uM

1.0 pM

5pM

23



e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

HNTS 0

catalyst

Intracellula
Target

S e e e e e e e e e e e e e e e e e e Em Em Em Em Em Em Em Em Em mm Em Em mm Em Em Em Em Em Em em Em Em Em mm Em Em mm mm mm mm mm M mm mm mm mm mm mm mm mm mm e mm mm e e e mm e e e e

OTN
HN “‘NW\“
N« _NH OPh

N

P 3

[1]: 3. Am. Chem. Soc.2 0 2 3,

< caged
- uncaged
photocatalyst
_ o, —
O~__N
T
PBS N“"N —Np
SR N~ _N OPh -
hv not detected
660 nm | =N (525 nm)
/ —
145, 60671

Photo-induced
Subcellular level localization, regulation and release.

biologically
inactive

-~

NS

6078

hv (660 nm)

Co{ar)
E | + HO release E: .

-

biologically

active

OPh

observed
(310 nm)

— 2, 86% (HPLC)

Absorbance (AU)

e
=

Borq | _ 05 — a00s
015 ‘ transieqt
\ intermediate
8 \! I 310 nm
£ E
(=]
3
<
280 Wavelength 400
L] L] I 1
200 300 400 500

Wavelength (nm)

C o071 “fgm‘ on (660 nm)

g - 227 -+ 275 = 310

@

g

£ |

:

0.0 T 1

0 Time (s) 400

D 0.4-

o
g

Absorbance (AU)
o
X

observed intermediate
assigned as C

—o— 310
0.1q tetrazine intermediate *- 525
B not detected
.......--'..‘..l...'.....C..I.
0.0 T T .
0 200 400 600
Time (s)
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Photo-induced

Subcellular level localization, regulation and release.

SiR-H . .
dark incubation or
(500 nM) 1,4 or n-CA4 fi
@ incubate 2h ;4 orn- hv (660 nm) wash ix B N
- - : —-—— stain =
20 mins incu =
NIH3T3 cells wash 25 mins | o98 S
2 +
= T
HO nCA4 CHa CHs lacks o (E,E)
l.__OMe O. N 1 0.__N alkene
/w P4 3
[ | “ -

O\N Hrlq ‘\N\K HN™ ™N 4

Q| ' No NH O-A
N’J\ﬁ\,or«ﬂc N NH O-Ar r
hi .
%)‘om.c. +SiR-H 7SN “SIR-H  +SiRH (SN _siR-H
MeO VAN AN SiR-H D controls
107 —m— —— @ — = —— — = @

‘ =3 2 o
1) E &| 5 * +
23 0- I = ; TT I T = T

@ i
Lo oS ) ]
S3 %) | «n
® + +
©o-10+ ' - - <
T g ) 2 /
53 ns . : . : 4
] “CE microtubules in green (antibody stained AF488), nuclei in blue (DAPI)
S
- B light B3 dark
ns £ 2 1]

[1]: 3. Am. Chem. Soc.2 0 2 3, 145, 606716078 25



Photo-induced
Subcellular level localization, regulation and release.

iR- A CH3
(5%? nTuI) dark incubation or
: 1,4 or n-CA4 hy fix SiR-T
@ incubate 2h ’ »- v (660 nm) - wash = stain HN \N 633 0m MO O
20 mins incubate i N NH _— O
NIH3T3 cells wash 25 mins Image liveimage g0 Qe
SN MeO OMe
HO nCA4 CHs ICHB lacks
OMe O. N 1 0.__N alkene F= DR _ g I
C T Ty x ¥
0 HN ”‘N HNTSN 4

I I
S | Ny NH O-Ar Ny -NH O-Ar

N OMe
O +S|R-H =Ny —SIR- +SiR-H |"“N —SiR-H

wep oM S N\ SiR-H

10- —r— - e ~

L,|—13 IAURS ainerne

/ SiR-T
hv, 633 nm
HN \N

/\
0¥y
/§ HO
e
N\ NH live image MeO Q OMe
MeO
6\1 MeO OMe

t=0min t =25 min
Y, v

ns

% cell area change
relative to nucleus

B light [ dark

ns Hdkde

[1]: J. Am. Chem. Soc.2 0 2 3, 145, 606716078



Photo-induced

Subcellular level localization, regulation and release.

) Cell-impermeable photocatalyst
C ascorbate quenches photocatalysis

A Intracellular catalyst is not
/? deactivated by ascorbate j"'\ Na Asoorbate j‘\ SiR-X
\ | A NZNH —¢—— N7°N
\ caged ‘ HN N SiR N N

@ Y 660 nm Y R O NH
@ -~—>— Ascorbate : R o)
» g °
uncaged ~N ‘ si O N
| N

SiR-H
Ascorbate nCA4 + Ascorbate All experiments in presence of
20 2 mM Na ascorbate
i 10+
3 7]
Extracellular catalyst is 23 |
deactivated by ascorbate ? g5
/ = J_
"N\ (am
; vRged ) 1 + SiR-H + Ascorbate 1 + SiR-X + Ascorbate 22 -10+
Qe —
owm
4 oy ns
~—X—HA f‘. Ascorbate -20
S-R X ns i L] !
IR- -30 T T T T
[uncagedj o"h & QE"\'&‘\ %3-
<o o°°\'b‘\ x6‘°§~° N
microtubules in green (antibody stained AF488) Ko 0\\0 N ‘{b
nuclei in blue (DAPI) x%\ ‘@o \q,+
N \\(\\

[1]: 3. Am. Chem. Soc.2 0 2 3, 145, 606716078
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Metal-induced
Au(l)Subcellular level localization, regulation and release. p

_____________________________________________________________ NH,
e s 1. AuCl;, 6 M Gn-HCI. 200 mM
1. AuCl, 6 M Gn+HClI MO buflee pH 7
200 mM NazHPOs4 buffer @) 2.D7T :
oH 6-7, 37°C, 3h ® O Gioriaaed. paida depropargylated peptide

H
o ’ N\)J\
2.DTT ¢ o ”Aﬂ/

Nmm e Em - ——-——-—-—

o _NH;
| B '/‘ o o r:
‘)L ~ | w /~ 1 (% Side chain amine .
| N carbamate AKX
X= Amlno acid H H
80%
|
c & N
G By = C-terminal G H,
2 2° amide

40%°
Side chain
2° amide
Releasing N/
nylated peptides 0%
45%>
E

/ G -
A Modified backbone S

e L 3° amide u

' 10%

SR 30%

[1]: . Am.Chem.Soc.2 020, 142, 820318210 29
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______________________________________________________________

% of depropargylation

[1]: 3. Am. Chem. Soc.2 0 2 O,

Metal-induced

1. AuCl, 6 M Gn+<HCI
200 mM NazHPOs buffer 0]
pH 6-7, 37°C, 3h ®

*in 6 M GnHCI buffer, 200 mM Na,HPO,b uf f er ,
**in 20 mM Tris buffer, 150 MM NaCl,p H 61 7.

142, 820318210

AuCl
90%
90%
95%
93%
93%
85%
95%
95%
82%
85%
80%

2.DTT o)
7 2
90
- Junction PdCl,
60 | 1. Gly-Gly 90%
:: 1 2. Ser-Gly 15%
30 3. Thr-Gly 9%
20 4. GIn-Gly 11%
10
o 5. Arg-Gly 20%
Hg(11) Ag(l) Au(ll) Au(t) Ni(11) Fe(ll) Fe(in) Zn(11) Ru(ll) Cu(il) Cu(l) 6. GIU-Gly 7%
Metals
1: Lue-Gly 8%
: 8. Ala-Gly 5%
/' Gold (l) Depropargylation
9. Met-Gly 10%
1. AuCI* 90%
o R N 10. Asp-Gly 20%
3. Aul* NR
g i 1. Phe-Gly 11%
5. AuCI(SMe,)" NR
6. AuCI(SMe,)™" NR

p H

N

61

Au(l)Subcellular level localization, regulation and release.

1. AuCl;, 6 M Gn-HCI. 200 mM
Na;HPOQy buffer pH 7

SR SRE P

2.07T :
propargylated peptide depropargylated peptide
A
? N-terminal ocoe o G
~ Mu/ < carbamate H,N/"5 GOC’
75%

Side chain amine i K
carbamate \N/\J’\
QP VO

80%
R DR %ﬁi
0%
40%*
X it 0
N/ﬁ Side chain H’N
Wi % 2° amide f N/ i@
H
45%

; o L SRR 0
" ‘ . Modified backbone /-\.9%
OC‘ 3° amide u
| 10%

30%*
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Metal-induced
Au(l)Subcellular level localization, regulation and release.

(0]
H
O AT A O OH I O o
o R o Tho T oS o T~
pZ NZ
~ H20 /<Au

T

o

O\H,H\F:{)L

0 0
H H
O\[I/N\:)J\H/\n/. OTT O\n/N\:)LH/\n/ C-N cleavage
O R . (0] H,0 O R . (0]
HO" N0 Au(DTT)x X0
C
= 1. AuCl, 6 M Gn-HCl, N I
H | 200 mM Na,HPO, buffer
‘\("\)ku pH 6-7, 37°C, 30 min +
o o 2.DTT
H
% ‘\[rN\/U\OH
o
D
Junction Amide cleavege
1 Gly-Ala 75%
2 Gly-Lue 95%
3 Gly-Arg 80%
4 Gly-Nle 95%
[1]: 3. Am. Chem. Soc.2 0 2 O, 142, 82031
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" AuCI (20 eq) ™,
\_in 6 M Gnd-HCI_/

. , l
\‘ 500
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B 8H* a
10H*

8558.7

/

N ox 8050 8525 9000
/\[O]/ H \ o 1:‘5')20 1600 Mane (Dl)
\,\/\N N Ay (1) 85214
H H 5402.1 3136.2
Qo a
 in6MGndHCI ;
Keto-enol R (T RS i —— 9
3000
tautomerism 490054005900 2630 :mo :mo Mase ( (Da)
...... Mass(Da)
o N (2)
-~ HO o . 2hrat42°% 85214
H
/\n/ N \/U\ "
e ,\/\Pu)}( u’\q , -
. Major
Pt 11507800 8020 8516 3500
o
HN HN__I{
b OH d u vvvvvvvvv T P —— N—— T
-.0 -~ Minor___.-=*" 125 15.0 1.5 200 25 20 215 30.0
"""" t/min
a
- 1M 1
2“0
/
*
500 1000 1
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(1) (2)
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Metal-induced
Gold(lll)-Induced Amide Bond Cleavage In Vivo

R2R1

BN
o _Au RoRiNy
Au H,O
! XR

0 0
e m e e . 2 = e

// 0 \\ 02\0/\/ OW OM
I R Jw o : (A)59 % (B)>95% ©)0%
: 1\'}l R1\NJJ\/\/\/XR3 1
1 ! XR ! [o)
| R, V\ Ay\ R, Y\ Ay J/ : //:/N’ P I o 0
1 d o
1 R2 AR AU(l”) \o/ [~ RQ: H, R O/},‘ 1 o O\/\N 7 \(r)(\u)k/m
: Risg X:0,N Au(lll) R : H [
| |I‘\> L l}l 1 (D) 95 % (E) 90 % (F)>95%
1 2 1

NR;R5 R, 3
: NR1 R2 3 O O O~
: Design 1 XR Bt 2 : L—~\ L—~\ L\
1 1 OM OM OM
: : Br OPh (PFP)O
| : (G) Unstable (H)>95% (1)> 95 %
l .
1 |
1 |
1 |

1

triggered by Na[AuCl4] in mild aqueous conditions, where
a crucial cyclization step leads to the formation of a 5-

membered ring intermediate that rapidly hydrolyses to "
release the free amine in high yields. .

H
10
! 0

S 4 A A O C C B A 9 /A A T 4

> % ‘o "o ¢ % % B ‘o © ¢ ¢, ¢
Yy Y Ty Y Ry Y Yy

Here, we report a novel amide bond-cleavage reaction : I

[1]: J. Am. Chem. Soc.2 0 2 4, 146, 232401 23251.
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Metal-induced
Gold(ll)-Induced Amide Bond Cleavage In Vivo

i: iz b 0 |
” N
M ) iAo~ D Dt
e 0, (o}
Possibility: \/\N\H/\,S\/ K (Phenyl Amide): L (Benzyl Amide):
(U NR; 1. Alkene as directing group o 1. Amide LP in conjugation with ring 1. No conjugation
OH 2. Activates carbonyl for hydrolysis J *(no reaction) *(trace) 2. Aniline; good leaving group *(> 95%) 2. Poorer leaving group

Reaction Conditions: Na[AuCly] (1 equiv.), MeOD: D,0 (1:4), 37°C
* Percentage conversion determined by 'H NMR
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o) o)
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¢ 9Q (X L
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0 O N— o} O N— o) (o} O~ O
M N Oy, L 0\/\)1\/\/\/ \/\NM/\N
oy 1 G N AT
QF1
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F2) 0 gp QF3 L F3 ) Qra o LF4 j

QF(x) [Quenched] + Na[AuClg] (10 - 50 equiv) DM g0 (1:1)

0.05mM
e - f
300 -
> 100 """vvvv A
iad j\ QF4
754 -
gg o 2 20 , N e
TS E
504 .. ..... R
: E . A *\ A 2h
T 254 : 100 - y R | ¥ ¥ | ,
g N & e \ 05h
(13 !
04 v { Oh
e 0- | V ' | v : v R |
- T D R - ; : 3.0 4.0 5.0 6.0
o el 0 300 e QF1 QF2 QF3 QF4 .
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Soc.2024, 146, 23240123251.
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Metal-induced
Gold(ll)-Induced Amide Bond Cleavage In Vivo

a Single-release HO
o

A
MeZNU UC|3 e

O)O

6-endo-trig Mezﬁj\/\oj/kucb i U)wm, Oroj}\u(:lg
2HINS RN
/ [H30 Hzo] NHMez

o 5
Na[AuCly]
MezN)k/\/ N . MezN)J\/\//( B'-AuCly6ent B"AuCls6enl_hynem B"-AuCls6ent_hy,y, B"AuCly6ent_lac
B’ s B AuCl, AUCh ) ) ) )
¢ \ Aucl, (H20) AuCls AuCls AuCls
. o —= 03,0 e o
5-exo-trig Me;N HO (o]
[H30'H2ol’ MezN MezH':lJ NHMG;

B"AuCl;5ext_hy,, B"AuCl;5ext_lac

b B'-AuCly5ext B"-AuCl35ext_hynem
A
14.2
B'-AuCl, 6ent_hy,, 13.1 _
34
B"AuCl,_Sext_| hy,,, L — L
Keet
k) 2 )\uCI;
[
p B' Me;HN
g o) ohar R w B"AuCl, Bent_lac
—_ ! i -4.0
8 MezNw A 5.0
x B"AuCl,_Bent ‘e )
Y] : 96 m B"AuCl,_5ext_lac
<q "'..: *—_ ’ AUC';
B"AUC,_56xt ‘wemm--  ~14.4 0
172 Auch 0
. 0
MezN
T Cyclization » < Hydration > < Amine release >
-
Reaction coordinate
146, 232401 23251.

[1]: J. Am. Chem. Soc.2 0 2 4,
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T
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1\,;1
NRR, R
Design 1
R,R4N
2N o0 Au
HO)E«)_V‘/
0o
R1\I}IJ\/\/\/XR3
LT—
R,: H, R
X: 0, N Au(lil) R
1~
I
NR4R; R
XR Design 2
R
2R1Ny o Au
O
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H,0
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Metal-induced

a Peptide: Cleaved Fragments:
R- Y- G- (AG)- G- Y- A R- Y- G- (AG) G-Y-A
et Ry : F1 F2
§AG: Allyl Giycine | ! Reaction Conditions:Na[AuCly] (2 equiv), H;0, 37 °C, 30 min
TR
£ NGS
N / ;
b o e
100 506.5
OH
|
H b H e
N N OH
o J o o
H/ F1 (Calculated: 505.5)
NH,
0 A Ak i
300 400 500 600 700 800 900 1000 1100
100 309.4 m/z
2
F2 (Calculated: 308.3)
0‘ " u J YRR T | A | Y |
300 400 500 600 700 800 900 1000 1 (}0
mi/z
[1]: J. Am. Chem. Soc.2 0 2 4, 146, 232401

Gold(ll)-Induced Amide Bond Cleavage In Vivo

b
/
Cancer Cells
{HoLa; SKERY) Prodrug (PDx)/ ADC, Na[AuCl], 72 h
o] (o] |
mwag) . I~ ~ (MMAE)\TJK/\/\/N\(MMAE,
|
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c e
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z 2 < 1004
3 N\ 3
g 50+ = s
S ] s
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8 8
o T T T T T 0 1
10 20 40 80 160 1
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d f - ® PD2(ICg = 0.192 nM)
. Treated = PD2+[Au] (IC = 0.062 nM)
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ST —
£ N ¥
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= 50 \ T
1 4y
\
| § [
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Metal-induced
Pt-Induced Amide Bond Cleavage In Vivo

- e e e e e e e e e e e e e e e e e e e e e e e e -

v
|

. ~~~_ Cell studies
Pt(II) O : R= Hor@g // Pentynoy/ amides - __ -~ Zebrafish xenografts
HNR2 : S-=m - st _'r
NR, -
i\ 2  @camm 2.e= @
i [ Cysteine conjugating linker :- 2?:
|5-Pt I O==C
| : ( —— ]
I;'I_Rz MNR i ® eg.5FU Il N-Pro;;:gyls ::::::-:
S e D e.g. K,PICI,/ CisPt = Y S g O
Use platinum complexes (K,PtCl, or CisPt) for drug activation.
Expand the application of platinum complexes beyond those in
catalysis and cancer therapy.
Under nontoxic amounts of platinum salts, the decaging of
pentynoyl tertiary amides and N-propargyls occurs rapidly in
agueous systems.
J. Am. Chem. Soc.2 0 2 4, 146, 232401 23251.
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aqua complexes
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Metal-induced
Pt-Induced Amide Bond Cleavage In Vivo
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Platinum salts
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H
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146,

(\/
O N 20
/_>
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open air, 20 °C H

232401

H Entry Metal Equiv. Compound Conversion %2
1 K2PtCly 0.1 3a 20+6
2 K2PtCly4 2.0 3a 611
) 3 K,PtCl, 0.1 4a 37 £ 1
4 KoPtCly 2.0 4a 50 + 1
6 5 KoPtCle 0.1 4a 43 +3
a
6 K2PtCls 2.0 4a 817
amonitored by NMR
80— —=— K,PIC, (k, = 0.23 + 0.004 M-'s™) 400
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Metal-induced

Pt-Induced Amide Bond Cleavage In Vivo 2
Hsﬁf(w + Phj\/\n/'lq\/\o/\/o\/\)j\ T/ E

F16 (7.1 uM) = 14 (40 equiv.)

J 10% MeCN/NaP, pH 7.4

& 37°C,1h
~g o
- H
N
h % i
2 ®—s S MMAE
o) A fe) 0 | \/\/IKN,
e S /E‘\(N\/\O/\/O Z |
' o) o ©
R =/\)]\ ., MMAE-am 11 F16-14 (c, 6.8 M)
> 6.
Z ;‘5 100 22703
- 1. MS ES+
Viability (%) F16 light-chain 1698
0 50 100 Caled. 22693
Cells =
K,PtCly, (20 uM  Cells + KPtCI, | |—a
1 nM MMAE-am .
1nM MMAE-am + K PXC, : N VRO N 1 o mase
0.5 nM MMAE-am . 15000 23000
0.5 nM MMAE-am + K,P(C, ' 100 23785
0.25 nM MMAE-am . F16-14 light-chain T
0.25 "M MMAE-am + K,PtCI, ’ Caled. 23787
0.1 nM MMAE-am -
0.1 nM MMAE-am + K,PXC, *
0.05 nM MMAE-am .
0.05 nM MMAE-am + K PXCI, ’ MMM
0 mass

15000 23000 29000

[1]: J. Am. Chem. Soc.2 0 2 4, 146, 232407123251.



