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Background
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@ Rising of covalent inhibitor:
@ Cysteinome:
@ Screening trend:

Covalent inhibitor history
Nature Reviews Drug Discovery 21, 881-898 (2022)
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targeted EGFR, BTK, JAK etc. covalent kinase inhibitor
Ligandable cysteine, relationship with disease
PROTAC > Degrader > Covalent inh. > Reversible inh. > RNA binder

HTS trend
Drug Discovery Today, 28, 2023

Ligandable cysteine
Nature. 2016, 534, 570-574.
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Research on covalent drug is gaining attention.




Concept of Research
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v c-Jun N-terminal kinases (JNKs) are key signal transducers in the MAPK signaling pathways,
involved in inflammation, cancer, and neurodegeneration.

unique cysteines nearby on ATP binding site

| \LN 8 specific to INKs
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Gehringer, M., Covalent kinase inhibitors: an overview. In: Topics in Medicinal Chemistry.
Springer, Berlin/Heidelberg, Germany, pp. 1-52, 2020.

previously reported
JNK inhibitor*
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potential warhead site search

compound design from SAR

prioritization by docking score

JNK inhibtion IC5y = 9.2 nM

Novel covalent JNK inhibitor

* inhibition activity ¢
« selectivity 1t

*) Bioorg. Med. Chem. 2008, 16, 4715-4732. 2



Potential warhead site search

Docking pose of compound A to JNK3 protein (PDBID : 2ZDT)
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A\l
” targeted cysteine

- (Cys154)
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Site 1 and 2 were preferred to introduce warheads.
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Compound design: Linkers and Warheads @);FIXEELEHD

site 1
linkers previously reported™
4 )
0 warheads
N /X N
| |
7N \Q\N/ warheads
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site 2
linkers
( N\
(o) Z X
H H H H
N N |
S Yy A ‘g
n=2-4 X = CH, N _ .
N Narrow down the linker candidates
H N— H H . . . .
/Nf/)’c /N,@/O'\ /NWQ (size, length, stretching direction)
g m = 0-1 ) from SAR information.

*) J. Med. Chem. 2014, 57, 10072-10079; Nat. Chem. Biol. 2019, 15, 250-258; J. Am. Chem. Soc. 2013, 135, 10582-10585. 4
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Prioritization of compounds to be synthesized ‘) RXCELERD

Fig. superposition of A and YL5084
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YL5084*

(previously reported covalent JNK inhibitor)

targeted cysteine

green: compound A, magenta: YL5084, pink: JNK2 (8ELC)

Based on previously reported JNK2 covalent inhibitor, the priority was raised for compounds that extend the linker from site 2.

*) J. Med. Chem. 2023, 66, 3356-3371. 5



In silico screening 9 AXCELEAD
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covalent bond
formation

designed compound

docking score: -13.479 d targeted cysteine

-

Linkers were prioritized based on docking score and synthetic feasibility.




Compound design: Modification &);FIXEELEHD
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Table. SAR information of compound A"

R1

for avoiding B oxidation

site 2 ' cl

N site 2
R! R? JNK1 IC5 (nM) for reducing
NHCO(CH,),CO,H  Br 9.2 molecular weight
SO Me Br 30 A (563.4 =482.0) | B
SO,Me cl 28

Functional groups which are not related introducing warheads were modified based on SAR information.

*) Bioorg. Med. Chem. 2008, 16, 4715-4732. 7



Synthesis of designed compounds &) FIXQEEEEHD

SOZMe 302Me 802Me SOZMe

1) (COCI),, DMF, Et3;N, THF, rt 4N HCI-CPME
>
rt
OH 2) Et;N, THF, rt \/QIH
H,N NBoc Cl
97% (2 steps) quant. HCI
1 2 3 4
compound Reaction conditions Yield compound R Reaction conditions Yield
K2 Cl o NS ~ HO S P
4
4a \(f)l/\ DIPEA, THF 7% 4d '\n/\/\'i‘ \[I/v\'i‘ HATU, DIPEA, THF  76%
(o] O Hcl

R

/

o]
e Cl

4b '\([)A \([)A DIPEA, THF 72% E .
.I
de ,’m)\m Hom)\m HATU, DIPEA, THF 82%
o o]

N
4c 7'\/// CI\/// K2CO;, MeCN 72%
(0] (0]
v’ HO
a4f !/ N N HATU, DIPEA, THF 93%
m \{)'/\ /
o (o]

*) Bioorg. Med. Chem. 2008, 16, 4715-4732. 8



Synthesis of designed compounds &')HXEELEH i
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SO,Me SO,Me SO,Me

Ho\n/\NHBoc
0

1) 4N HCI/ CPME, rt

>
\/O‘"" HATU, DIPEA, THF, rt H\/Oq 2) 9
cl \[O]/\NHBoc Cl)v
HCI DIPEA, THF, rt
quant. 74% (2 steps)
3 4q




Synthesis of designed compounds @ FIXQEEEEFID

SO,Me

SO,Me

SO,Me SO,Me

1) (COCI),, DMF, THF, rt 4N HCI-CPME
2) Et3N, THF, rt HO NHBoc rt
then pyridine, 60 °C h=2o0r3 NHBoc
87%(2 steps, n = 2) n=2or3  quant.(n=2)
51%(2 steps, n = 3) 84%(n = 3)
n=2 n=3
compound R Reaction conditions Yield compound R Reaction conditions Yield
-/, cl -/, cl
9a ‘ \n/\ \n/\ DIPEA, THF 84% 10a ‘ \n/\ \n/\ DIPEA, THF 87%
o] o o o
e cl e Cl
9b AR Y oipea, THF 81% 10b N N DIPEA, THF 82%
o] o o] o
LA HO LA HO
9c '\n/\/\'i‘ \n/\/\'l‘ HATU, DIPEA, THF  61% 10¢ '\n/\/\'ll \[l/\/\'i' HATU, DIPEA, THF  92%
(0] O HcC (0] O HC
O o) 0 o)
.,' HO < HO
9d ’ \n/\N / \n/\N HATU, DIPEA, THF 99% 10d ‘ \[]/\N / \n/\N HATU, DIPEA, THF 58%
0 o] o o]
o o o o]

*) Bioorg. Med. Chem. 2008, 16, 4715-4732.
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Assessing Time Dependency in Binding Assay : Methods GXHXEELEH 0
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Probe displacement TR-FRET assay

% FRET % .
.—-\ Test compound ’

B [ |
Kinase Kinase

e Biotin-hJNK3 30 min 60 min 120 min 16 hr 24 hr

e Streptavidin-Tb synthesized v v v v v

* Probe compounds

¢ t & i

Pre-incubation
60 min

TR-FRET signal
Measurement

Time dependency of the compound is determined by the increase in inhibition during the incubation time.

11



Assessing Time Dependency in Binding Assay :

0=S—
(o]
.._nhon covalent warhead
cl ul; /P N\«/[::lj%/\\\\
E!n o 0 - ’
compound 4a
Time
125 -
& 30 min
1004 | no time dependency = 50 min
g 75 - —— 120 min
= - 16 hr
-Q -
= 50 == 24 hr
<
O- ......................................
25 T T T T 1

-9 -8 -7 -6 -5 -4
Log[conc.(M)]

IC., (@60 min) = 655 nM

Representative Results @ HXCELERD

) O ! HV(}\r®covalent warhead

compound 4b

Time
1251
-~ 30 min
1007 - 60 min
S 75 —— 120 min
N ¥ 16 hr
-Q -
= °° = 24 hr
=
© 25 -
ol $t=t ... Inhibition activity improves
in a time-dependent manner.
-25 1 T T ] T
-9 -8 -7 -6 -5 -4

Log[conc.(M)]

IC., (@60 min) = 289 nM

v Retained inhibition of JNK3.
v' Compound 4b inhibited JNK3 in a time-dependent manner.
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Assessing Time Dependency in Binding Assay : Overall Results &');FIXEELEH 1

linker warhead compound time dependency ICs, (nM) @ 60 min. linker warhead compound time dependency IC5y (nM) @ 60 min.

9a - 196

________________________________________________________________________________________ o
4
.
4a - 655 ’ \I)A % - 251
SO,Me N
~,
\r(\/\'il 9¢ _ 177
o
0

warhead NP U Ul LR
X 7
H NN 4d _ 347 Y
N N./ | ‘ \n/\ 10 102
o) ~ "~ (o] 4 a —
F /
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/
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v' 6 compounds (4b, 4f, 4g, 9d, 10c, 10d) inhibited JNK3 in a time-dependent manner.
v" Inhibition activity of 3 compounds (4f, 9d, 10d) were improved from compound A.

O

0.14
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Whole Protein MS of JNK3 + synthesized compounds &)-%HXEELEH O

DI'LII; D15EDVEI’\/ Partners
Condition of LC-MS

] 253050812 | in (ki . UPLC: Waters Acquity UPLC I-class
" @ JNK3 protein (kinase domain) ol e (:3UEIHYC4 oo b o1 s
42092 Da olumn: Acquity ) , 1.7um, 2.1 x 50mm

Mobile phase A: TFA/ water (0.25/1000)
Mobile phase B: TFA / MeCN (0.25/1000)
N MS: Waters Xevo G2-S Tof

Electrospray ionization, Positive ion mode

420620000 Data analysis: MassLynx, MaxEnt |

25174140 | 42119.0000
~ /121400?6

0 Lo,

0500 4O7ED 41000 41250 41SO0 41750 42000 42050 | 42500 427D 43000 4320 4350 43S0 a000 44250 450 | comp. ID Number of adduct covalent binding
SO,Me 43388.0000
42740.0000 29608900 42092+648X%X2 4b 1 single
<330?5392 > -43388 Da
42092+648 4f 1,2,3,4 multi
0] =42740 Da
o} N\ 43445.0000
O\/\NJ]\/D 427950000 (o a8 ! single
H o) 427130000 | 7847834  43361.0000 345,000
42688 uunuj‘;ii??\' ( Y /4218.%9 ey 9d 1,2 multi
Molecular Weight: 648.08 42000 42280 | 42500 42780 43000 43280 43500 A37RD | ADOD  AADED | AABDO 4475 104 12 multi
: 648, ) ulti
od
Covalent adduct of 9d with JNK3 protein was confirmed Several compounds confirmed
by protein-MS. covalent adducts.
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X-ray crystallography Q AXCELEAD
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JNK3/comp. 9d (1.7 A)

| \ g \ \ ¥

/)

_K68 4,

Mass spectroscopy indicated 9d is bound to a few sites.
W,

The potential covalent modification sites

covalent bond
formation

b ¢ 4 \ \ The kinase domain contains 7 cysteines.
Only co-crystals to which one compound 9d is bound were obtained.

Covalent binding to the expected cysteine residue (C154) was confirmed,
but the additional modification sites remain unidentified.
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Summary @ FIXQ EEEEHD

JNK3 IC5, 0.34 nM (@ 60min.) JNK3 IC5, 0.23 nM (n = 2, @ 60min.)
JNK3 IC5, 0.14 nM (n = 3, @ 60min.)

v Designed compounds retained inhibition of JNK3.

v’ Several compounds inhibited JNK3 in a time-dependent manner.

v" Adducts of designed compound with JNK3 protein was confirmed by Protein-MS.
v Covalent binding to the expected cysteine was confirmed by X-ray crystallography.

Tasks to do in future

* Selectivity assay (JNK3/1 and 2)
e Site identification

* |nvivo assay
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Thank you !

Access to Accelerate Lead for Drug Discovery

Axcelead Drug Discovery Partners, Inc.

https://axcelead-us.com/

https://www.axcelead.com/
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ADDP capability for covalent drug discovery QXHXEELEH 0
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4 .
e Enzyme assay e (Cysteine focused covalent
e Cell assay library
e Compound evaluation analysis (2,000 compounds)
e Kinact/Ki e Diversity library (500,000
e Time dependency compounds)
° | tivit
general reactivity : Compounds
e Crystallography Screening Librar
e Whole Protein MS assay y
N 4
Covalent
Drug
Discovery
4 I
In Silico Targeted
e Targeted protein analysis technology deconvolution e Chemical proteomics
(Amino acid search, Pocket, e Protein identification
LigMap)

e Site identification
e Photo affinity labelling
e Finger printing (target or pathway
prediction)
J

e Compound design (LigMap,
covalent docking)

e FBDD (MMPBSA, AutoDesign)
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Reaction kinetic analysis of covalent inhibitor-1 @\H)EEEEEHD

Inacthraibon Constant

2-step IRREV Insctivation Potency
Ky Kinact [0 i
> =® .= Bk
9 ke, = S — [EN ks
| 4
I":.-'\-:-t:l"rl"::l
= - - - - = 1 £ 'rl x 1‘"‘ _,—J.. el =
Covalent Inhibitor Binding Kinetics = v+ —[1-¢"]+F
L1 ]
A B Time-depandand Enzyma Aty Inhibitian G Comoct K for subsirala compatition during incubation

Leszad Fil Progross Cusen =k__

P * ’ g4 o, EIL—‘FL-I' AT "I BOEE - -- -+ -...L-‘ i
' Read-cut p *' Lirger eninhibing controd
'|I~ l “Ill Icm‘h“um: | ]E[ K= 0 //
Dxta i ff % ] -~

——— Q e Analysis ES E i = W [1]

! ---______ .-I ] = ._..:-. A

gation ¢ Ir:_ 3 - : B+ ]

Mix all P inhisier) ExF e : I
o0 : T — 0,000 4 T T T
componants & Bibsiieis § a Wi 1200 0 K= Gdage 1-404
Product P incubaticn time £ (%] miw

Progress curve analysis for two-step irreversible covalent inhibition. curr Protoc. 2022 Jun; 2(6)

Inhibitor concentration-dependent K, reaches K, at saturating inhibitor concentration (K., = Kinact)-
Half-maximum K, = ¥2K..« IS reached when inhibitor concentration equals the apparent inactivation constant K;2rp.
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Reaction kinetic analysis of covalent inhibitor-2

EZ0—isRIEMEER (AT O—I A L S RIEEER)

Korobe Fluorescent
R + covalent- : adduct
+ probe
covalent Inhibitor
potency

Ko ibitor R; target protein,

intrinsic chemical reactivity
R; GSH

Non fluorescent adduct

potency (Ki../K))
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more potent
A but less reactive

more potent with
increasing chemical
reactivity

Desirable Undesirable

initial hit

intrinsic chemical reactivity (K ,om)

SLAS Discov. 2017 Apr 1:2472555217704654. doi: 10.1177/2472555217704654.

High-Throughput Quantitative Intrinsic Thiol Reactivity Evaluation Using a Fluorescence-Based
Competitive Endpoint Assay.
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