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What can be made — What is relevant?

Medicinally relevant:

* Potency
Synthetically “feasible:” ( Target Space > * Selectivity
» Accessible chemistries / * Bioavailability

In-house expertise e Low toxicity
« Starting material availability » Cost effective
» Cost /time




SAR and reaction chemistry archive

>4 Million unique structures

>300,000 Unique kinase molecules

>117,000 SAR data points

e >10,000 HTS reactions with experimental procedures
(>1,500 associated with heterocyclic Kinase inhibitors)

 >8,500 Assay protocols with detailed information
« >45 Kinase target SAR training sets
o >45 Predictive eScreen™ models



Kinase gene family approach

AGC Group TK-NR TK-R e ~Human
« PKA «CSK/c-Src +EGFR =\ ST Kinome
* PKG -SRC/v-sr¢ *ERBB2/HER2 ==y ;A
«PRKCA/PKkca  °*FYN *FGFR =WV i
«PRKCB1/PCKb  *LYN « CSF1R / FMS e e\ g L ..
«PRKCD/PCKd  °LCK « PDGFRA S |
*PRKCE /PKCe  +ABL1 « PDGFRB

« TEK / TIE2

CMGC Group
«CDC2/CDK1 *MAPK1 / Erk2
« CDK2 « MAPK3 / Erk1
« CDK4 « MAPKO / INK2
« CDK5 « MAPK11 / p38b
. GSK3A « MAPK14 / p38a
* GSK3B Gene-family-wide approach: 4= L=

» Analysis of efficacy vs. selectivity (side effects, toxicity)
* Interrelationship between kinases provides additional
opportunities for lead compounds (closely related targets)



Observed potency and selectivity
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ePotency and eSelectivity
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Theoretically accessible chemical space

Chemical transformation types: Available building blocks:
D N [ ] [ e SO & .

products

Potential synthetic strategies:

products -

roducts
P products

products



Basic chemistry 101
Chemical (in)-compatibility:

 Cross reactivity of functional groups
 Incompatible functional groups at given reaction type and conditions
 Avoid side reactions, catalyst poisoning, etc.

O

E.g. Acylators: j\ )iy j\ - A0S
N

R” Y07 SR R” ClBi]

C;3(C(=0)0C(=0)); 1$(C(=0)OC(=0) [1#6]1); 1$(C(=0) (OC(=0)) [#6])]
OR

C:$(C(=I[0.N,SDIF.CI.BrD1]

OR

[C:$(C(=[0.SDH=N)]

OR



Basic chemistry 102

Chemical reactivity:

 Reaction-type specific differences in reactivity
« Usually influenced by reaction center environment
« Definition of the reaction center details

E.g. Nucleophilic aromatic substitution:

R R R R
| |
Cl)\\NJ\R cl \N)\R Cl)\\N R o SN OR

Nucleophilicity of aliphatic primary vs. secondary vs. aromatic amines

Introspective filters (transform embedded)



(In)Compatibility filters
~ R - ™

0 HN__ICN \ [C
R/U + | ,}iﬁP — R—*@ | /h;:}
H,N [ciu’] N [Ciﬂ'

\ )

Required: aldehyde; Exclude: >1 aldehyde, amino-2-arylamine, basic
nucleophiles, acids, acylators, alkylators, activated aryl halides

{[C;1HO;$(C=0); 1$(C(=0) [1#6]); 1$(C(=0)=[A])]1} AND NOT
{{[[C; 'HO;$(C=0); I$(C(=0) [1#6]) ; 1$(C(=0)=[AD)] - [C; 'HO;$(C=0); 1$(C(=0) [#6]1) ; '$(C(=0)=[A])]} OR

{c(c(INH2;v3D [a]) ([al) [N; YHO; ISC(IN+1) ; '$S(NC=, #[1#6]) ; 1S(NC=,#[#6]1) ; 'S(N[!#6])]1} OR

{IN; THO; SONC) ; IS(IN+T) ; IS(NC=, #[1#6]) ; 1$S(NC=, #[#6]1) ; IS(N[1#6]1); 1$(Nc)] OR [N;YHO; S(N[N;S(N[#6]1); IS(NC=,#[1#61)1); 1$(NC=,#[1#6])] OR
C(INH2])=[NH] OR [S;$([SH1).$([S-1)1} OR {[S;$(S(=0)[OHI)] OR [C;$(C(=0)[OHI);!$(C(=0) ([OHI) ['#61)]1} OR
{[C;$(C(=[0,N,SD[0,SIC(=[0,N,S1))] OR [C;$(C(=[0,N,SD[F,CI,Br])] OR [C;$(C(=[0,S1)=N)] OR [S;$(S(=0)[CI,Br,F,11)1} OR
{[C:$(CIBr,11);1$(C=,#[ADD] OR [C;$(COS(=0)(=0))1} OR {[c;$(cl([CI,Br,F,ITnc[n,c][c,n]1[c.,n]11)] OR {[c;$(cl([F.,CI1)c([N+]1(=0)[O-

Decceel) , $(c1([F,C1Dcecc([N+](=0) [0-1)cc1)] OR cl(c(c([A;$(C#N) , $(IN+1(=0) [0-1),$(C=0),$(C([F,.CID ([F,CID[F.CI1),$(S=0)1)cncl)[F,CI1D}}}

Required: amino-2-arylamine; Exclude: basic nucleophiles,
aldehydes, acids, acylators, alkylators, activated aryl halides

{c(c(INH2;v3D [aD) ([al) [N; 'HO; ISCIN+1) ; Y$S(NC=, #[1#6]) ; 1S(NC=,#[#6]1) ; 1S(N['#6]1)1} AND NOT
{{IN; THO; $S(NC) ; I1S(IN+]1); 'S(NC=,#[1#6]) ; 1S(NC=,#[#6]1) ; 'S(N[1#6]1); 1$(Nc)] OR {[N;THO;S(NIN;S(N[#6]); I$S(NC=,#[1#61)]1); '$(NC=,#[#6]1)] OR
C(INH2])=[NHI} OR [S;$([SHD),$([S-1)1} OR [C;!HO;$(C=0);!$(C(=0) [1#6]1);!$(C(=0)=[ADD] OR {[S;$(S(=0)[OH])] OR
[C:$(C(=0)[OH]); 1$(C(=0) ([OHD) [1#61)1} OR {[C;$(C(=[0,N,SI[0,SIC(=[0,N,S1))] OR [C;$(C(=[0,N,SDIF.CI,Br])] OR [C;$(C(=[0,S1)=N)] OR
[S;$(S(=O)[CI,Br,F, 111} OR {[C;$(C[Br,11);1$(C=,#[A1)] OR [C;$(COS(=0)(=0))1} OR {[c;$(ci([Cl,Br,F,1T)nc[n,c][c,n][c,n]1)] OR
{[c;$(c1([F,CIT)c(IN+]1(=0) [0-T)ccccl) ,$(c1([F,CIT)ccc([N+]1(=0) [0-1)ccl)] OR cl(c(c([A;$(CAN) ,$([N+](=0)[O-

D .$(C=0),$(C([F.CID(F.CIDIF.CIT),$(S=0)1)cncl) [F,CID}}}



Introspective filters and transforms

4 R N
JO + HNI[CJF&,N] — . _< j:[ k[& N]
" H,N [éﬂﬁmﬂ ) “:N]

N 2 Y,

[C:$(IC; THOJ(=0) [A,al]); 1$(C(=0) [1#61) ; I$(C(=0)=[AD :51(=0) ([A.a:2]) [H]

tN;$([N;!HO](cl[#6,#7][#6,#7][#6,#7][#6,#7]C1[N;!HO;!Hl])[A,a]);!$([N+
1) ISNC=,#[1#6]) ; 1S(NC=,#[#6]) ; YS(N[!#6; 1H1]) :4]1([c:11]1[c:10]([N; 'HO
STHLI-3J(HD [HD[a:8][a:61[a:7]1[a:9]11) ([A,a:11)[H]

>>

[n-3]1[c:5]([n:4]([c:11]2[c:10]1[a:8][a:6][a:7][a:9]12)[A,a:1]D][A,a:2]



Chemical transforms and filters

Building Blocks Starting Material Database

AT, AT Incompatibility Filters
— 4

Reaction Input BB

Transform (T) including
Introspective filters

C = T(BBA,BB®)| Products




Transforms and filters - cont’d

A+B — C C = T,(BB*,BB?)
C+D— E = T,(C, BBD)
= T,[T,(BB”,BB®?),BB"]

Filtration of final products: Lipinski - FtP | structural filters

(undesired functional groups or fragments) - FBadFrag  OSAR -
FQSAR

Efinal = posarfpBadrragfFLin (E)}}
— FQSAR{FBadFrag{FLip (T2 [Tl(BBA ” BBB) ” BBD]])}}



ChIP — Chemical intelligence platform

Forward, prospective exploration of existing and newly
coupled synthetic strategies

Dynamic recombination of synthetic pathways to generate
novel synthetically accessible molecules

Pre- and post-synthesis filtering and prioritization

Synthesis strategies guided towards novel and medicinally
relevant molecules using ePotency, eSelectivity, and
eADMEtox models

Diversity-oriented or directed evolution of molecules



Chemical transformations explored

Subset 1: Nucleophilic aromatic substitution reactions

Subset 2: Pd-catalyzed aromatic substitutions

Subset 3: Functional group transformations

Subset 4. Amine acylation reactions (amides / carbamates)
Subset 5: Amine acylation reactions (ureas / thioureas)

Subset 6: Formation of diverse (annelated) heterocyclic systems
(quinazolinones, -diones, benzoimidazoles, -oxazoles, thiazoles)
Subset 7: Formation of thioimidazoles

Subset 8: Standard deprotection steps (Fmoc, Boc, t-Butyl, Trityl, )



Systematic vs. directed exploration - GA

 Systematic Exploration is not feasible: too many reaction combinations and
building blocks — many of them not productive or not relevant

« Directed exploration leveraging a genetic algorithm (GA):
. Uses text-based representation of reaction step transform

. Starts with random sequence (starting gene) and generate products for this
sequence starting from pre-filtered commercial building blocks

. Apply Lipinski (MWT, HBA/HBD, ClogP, TPSA, rotBond) and structural
filters like reactive functionalities (alkylators / acylators, electrophiles,
nucleophiles, etc.) and undesired motifs (non-standard elements, >2 halo or
>1 nitro per aryl, thioesters / ureas, un-branched chains, etc.)

. Evaluate remaining structures by predicted activity (or other scoring
function), e.g.: 100 — 15 * Max (eActivity)

. Optimization of reaction sequences by crossover mutation of highest scoring
sequences

 Throughout the simulation best sequences and their products are captured



Pair-wise reaction compatibility

Compatibilty in %
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pairwise reaction compatibility, 15 iterations, 10 BB samples



ATP-binding site-directed simulations

vProtocol for the Synthesis of 4-aminopyridopyrimidinones:

O O

CN R Q
[C,Nlé [ fl\u/ + )j\ r7038 [C,Nlé[cl'\' R
—_—
[CNJx ¢ R [CNIx P
[C.N]'NH, [CNIN" R
- R
R R
Z
N>R o+ RL o r7o0s |
| RTTR L — > RO AN
N\
c”” N7 OR |



CDK4 D1

CDK3

GSK3B

MAPK14

PDGFRB

Results

30t d0
40t05.0
5.0t0 6.0
E.0to7.0
70t080 |7

8.0t 9.0




Tanimoto similarities

0 /@f o)
z
)H ) Q* “&Q
Na \N
74 \ O
NsN N _N

/ H H
Cl 0]
N . . NN
Bayer MAPK14 inhibitor Boehringer Ingelheim MAPK14 Astra Zeneca MAPK14
IC50 =53 nM IC50 =18 nM IC50 =100 nM
o
HN = I
I SN
N~n N 0.40 0.49 0.62 structural

OY@ 0.28 0.64 0.44 pharmacophoric
N
H

Simulation result MAPK14



Similarity-directed simulations |

R 0
/
R
R [F.cll NH, 7000 R N r. I 7080 “NH
et o
=0 R=Ar R =0 R
o
R R
R R
A awe oNMz 7007 Z
[+ —= a
X R=Ar ~
c”” N7 R NoONR /
CH, }\I—H
Z | N
NS |/N

HN\@\ HN
cl (P\CI

OEt



Similarity-directed simulations | - cont’d

-

A

R R R \

R
|
HN \ CN R R
S [&N] 068 N |[°{é,N] RANR 4 w7007 /|

dem T PN sem S S G NI N N
H [C.N] Cl N R R = Ar

< _OH
~[Bril 4 B 7018 R/R
R -
R = Ar R=

N

o 0
0
.+ T 74 M r R\NJ\O O R
R OH H —= R '}l I 7079 l}lH
R R O —> R
. 0
.+ Rw-R 7046 RJI\N/R
R” “OH H —> |




Results — predicted activity matrix
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Simulations Il - selected reaction sequences

R1 R R2
[F,CI] RZ\N/[R,H] 7008 N\
. + H — [RH]
Olfl:o R2 = aliphatic NO,
0 ~R2
X m
R1 Cl [RH]
R1
Z _NH
| + R2 2
NS
CcI” N R2 = Ar

orthogonal building blocks and cross compatibility



Simulations Il - selected compounds

NH,




Privileged building blocks

HO NO

oY DL L Oy

NI
éz
m_
/
O
o T
L
2 izo
I
O
\
/
=z O\
Jl\i
%
// +

2 O Q NH, < 42—(
N
H N~
H,N Br ? VN
S HN
NH, fmoc
Br HN\(
M s y
HN N—fmoc | N “N
@ L. §
H_N
NH, NH, 2 NH,
(@] (@] O (@]
N\
N NH N
| ° H N ’ /_ R
H,N N I
N \ =
H boc N NH,

selected examples of bi-functional and most frequent building blocks



Retro-synthesis (example)

Retro-protocol r7038r7045r7002:
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ChlIP partnerships

Chip Strategic Partnership Program

Early collaborative applications of the technology
Experimental proof of concept studies

“Personalized” ChlIP — developed around
proprietary chemistries of collaborator

Early access to ChlP technology
Access to current LUCIA system (ChlIP precursor)
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