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AIDD Module

Goal — design compounds that have:

* High potency at the primary target

* High synthetic feasibility

e Good ADMET and pharmacokinetic (PK) properties



Data Set
* Target Activity

SAR/QSAR

Performance for 36 inputs and 7 neurons a c u I e ( S )

indidates

ansformations to randomly-
e | compounds from the
| | population
HH\ H\ MR equired substructure
e non-druglike
* Acetals, Michael acceptors
* Simple properties, e.g., <4
aromatic rings
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Generate Molecules Using Transform Rules

Generated analogs

SMIRKS Transforms

Ll

Users can modify the default rules
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Chemically Intelligent Transforms

* Example: Convert Non-fluorine to fluorine

2021 Virtual Conference

Simple version: [1#9:1;D1_S]>>[#9:1]
Problem (Need to avoid)

Improved SMIRKS: [#9;D1_SS(*~[#6])!S(*C=[O,N,S]):1]>>[#9:1]
Currently ~150 transforms

Highly reactive acid halide
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[#] CHANGE _FUNCTIONAL _GROUP
- || CHANGE _CHAIM_LEMNGTH
CREATE_RING
- [] BREAK,_RING
- [w] CHANGE_RING_SIZE
- [¥] CHANGE_RING TOPOLOGY
SHIFT_RING_SUBSTITUENTS
- [#] CHANGE_BOND_ORDER
- [w] Aromatic_to_single_bond
- |w] Aromatize_S-membered_ring
- |w/] Aromatize_&-membered_ring
- | De-aromatize_S5-membered_ring
- || De-aromatize_&-membered_ring
- |w] Double_or_triple_to_single_bond
- [w] Double_to_triple_bond
- [w] Single_to_double_bond
- [w] Single_to_triple_bond
- [#] Triple _to_double_bond
= [W] CHANGE _ATOM_TYPE
- [w] Mon-bromine_to_bromine
- [w] Non-carbon_to_carbon
- [w] Mon-chlorine_to_chlorine
- [w] Mon-fluorine _to_fluorine
- ] Mon-edine_to_iodine
- [#] Mon-nitrogen_to_nitrogen
- |w*| Non-oxygen_to_oxygen
- [w] Non-sulfur_ta_sulfur
+- [#] ADD_FUNCTIOMAL_GROUP
+- [w] ADD_FUSED_RIMNG
+|-[#] DELETE_FUNCTIONAL_GROUP
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CHANGE_FUNCTIOMAL _GROUP

- [w] 2-Pyridone_to_Phenyl

- [w] 4-Hydroxypyridine_to_pyridone
- [wf] 4-Fyridone_to_Phenyl

- [wf] Acid_to_aliph_ring

- [w#] Acid_to_arom_ring

- [W] Adid_to_tetrazole

- [w] Add_double_bond_axygen
- [w] Amide_arom_insertion

- [w] Amide_reversal

- [w] Amide_to_hydrosy

- [w] Amide_to_hydrosxy(2)

- [w] Amide_to_olefin

- [w#] Arom_ring_to_ester(1)

- [w#] Arom_ring_to_ester(2)

- [w] Arom_ring_to_propyl

- [w] CF3_to_methyl

- [w] Carbonyl_to_sulfonyl

- [w] Catechol_to_imidazole

- [w] Catechol_to_pyridane

- [w] Charged_nitrogen_to_carbon
- [w] Ester_to_amine

- [w] Ester_to_arom_ring

- [w] Ester_to_retroamide

- [w] Ester_to_sulfonamide

- [w] Ether_to_ethylene

- [w] Ethylene_to_ether

- [w] Het_to_sulfone

- [w] Hydroxy_to_amide

=[]

ADD_FUMNCTIOMAL_GROUP

- [] Add_14midazole

- [] Add_1-tetrazole

- [W] Add_1-thiazole

- [] Add_2-4midazole

- [] Add_2-tetrazole

- [W] Add_2-thiazole

- [w] Add_3-piperideine

- [] Add_3-tetrazole

- [W] Add_3-thiazole

. [7] Add_CF3

- [#] Add_amide

- [#] Add_amine

- [w] Add_broma

- [#] Add_carboxylic_acid
- [w] Add_chlaro

- [] Add_cyano

- [w] Add_cydohexyl

- [w] Add_cydopentanone
- [w] add_flura

- [w] Add_hydrosco

- [w] Add_iodo

- [v] Add_meta_furan

- [] Add_meta_pyrrole
- [v] Add_meta_thiophena
- ] Add_methyl

- [w] Add_methyl_imide

- [] Add_n_sulfonamide
- [#] Add_nitra

- [] Add_ortho_furan




atomoxetine CombiTrans_24 CombiTrans_73 CombiTrans_76

LR

CombiTrans_88 CombiTrans_98 CombiTrans_104

* Starting structure is atomoxetine
e Use transformations from
“ADD_FUNCTIONAL_GROUP”

0

° Creates 403 com pounds CombiTrans_197 CombiTrans_209 CombiTrans_219
* A few diverse compounds are % ?}j
shown on the right v oAy
e e N

CombiTrans_369 CombiTrans_381 CombiTrans_386
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Synthetic Feasibility Assessment

Based on method from Ertl and Shuffenhauer, J. Cheminfo, 2009, 1, 8.

Score = fragmentScore — complexityPenalty

§ §

Fragment
agme . Heavy Atoms
frequencies Macrocycles
Stereocenters
* ECFP of PubChem compounds Sp-I;O centers
* Does the proposed compound Bridges
contain fragments of compounds
that have been synthesized?
] sB Plus
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Chart 2
S Coi B Be L ] @ 3

SA Ertl! SynthDiff2
Training ~1 million ~47 million
Outer Layer Any aromatic vs. aliphatic
Complexity Same Same
Range 1-10 0-10

1Ertl and Shuffenhauer, J. Cheminfo, 2009, 1, 8.
2lmplemented in ADMET Predictor
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Slope = 1.053; Intercept = -0.582
N = 54; RMSE = 0.532; MAE = 0.443

SAscore

8

Color: <None>




MONOBENZONE 0.8 TOLYCAINE 1.6 ISONIXIN

O~ o Qﬁ(

CADRALAZINE 3.1 CEFTIZOXIME 4.1 METACYCLINE

K< 00

N=2260; Avg=3.145; Med=2.805; StdDev=1.268; Min=0.634; Max=8.356

TRILOSTANE 6.1 VINORELBINE 7.2 RIFAPENTINE

4. 49 53
SynthDiff
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* AIDD Module uses Pareto algorithm to select best molecules
* Pareto selection tool is also available in ADMET Predictor

Minimum sel

Uncheck All

* Red points — 15t Pareto front
» Green points — 2" Pareto front
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Apply penalty to
predictions that
are outside the
scope of the
model

%
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Range
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Structure

Model-Informed Drug Development
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OBJ_HIVI-ST |ADMET _Risk |SynthDiff
3.000

[HIvi-STfHIvi-ST+)

14.000

ADMET Risk+ [SynthDiff+

8.253

The out of scope
penalty results in
deprioritization of
molecules that are
outside the
applicability
domain of the
model.
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Structure |OBJ_HIVI-ST |ADMET _Risk [SynthDiff ||| Fropettiesto optimize

3.645 1.000 0.000 Mame Direction Capping Value
cSynthetic_Difficulty+: Minimize 25
ADMET _Risk Minimize

<Fraction binavailable (%Fb): Maximize

Modify Selected Remove Selected Remave All

Trivially Simple Molecules:
Very easy to make
Very good in one objective

Assigning a capping value tends to filter

N out such molecules.

The capping value is assigned as the result

when the actual result is “better”, because
this value is “good enough”.




Structure 'OBJ_HIVI-ST |ADMET Risk |SynthDiffCap |
)\ 3.645 1.000 2.500
3.676 1.000 2.500

N
3.846 1.000 2.500
3.506 0.431 2.500

——OH
3.173 1.000 2.500
/\/

3.250 1.000 2.500

Structure

OBJ_HIVI-ST
4.524

4,228

4701

ADMET_Risk [SynthDiff+ |SynthDiffCap

0.000 1.880 2.500
0.000 1.907 2.500
0.000 2.356 2.500

Molecules on right “dominate” molecules
on left after applying capping to SynthDiff




ious Structure |BACE1_plC50 |BACET]

* Select seed molecule(s)
* Select properties to optimize
* Define capping values

Model-Informed Drug Development
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e Define scaffold
e Select filter criteria

Select transform rules
* Define no. of optimization cycles
Select output folder

Input i

I\Simulati
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AIDD Module

Goal — design compounds that have:

* High activity based on a QSAR model
* Penalizes out of scope predictions
* High synthetic feasibility
* Based on fragment counts of PubChem compounds

* Good ADMET and PK properties
* Incorporates absorption, CYP metabolism, toxicity, and oral bioavailability
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Questions & Answers

Michael Lawless
mlawless@simulations-plus.com
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