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AIDD Module
Goal – design compounds that have:
• High potency at the primary target
• High synthetic feasibility
• Good ADMET and pharmacokinetic (PK) properties
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Data Set
• Target Activity SAR/QSAR

Generate Candidates

SEED Molecule(s)

• Apply transformations to randomly-
selected compounds from the 
current population 

• SAR - Required substructure
• Remove non-druglike

• Acetals, Michael acceptors
• Simple properties, e.g., ≤ 4 

aromatic rings

Score
• Predicted target activity
• Synthetic feasibility
• ADMET properties
• Pharmacokinetic properties

Optimization
• Pareto selection

Iterate

AIDD Workflow

Class generation

ANNE model

R group  analyzer



SMIRKS Transforms

Generated analogs

• Bioisosteric replacements
• Reactions from literature 

or in-house expertise 
• Chemically-intelligent 

“mutations”

Generate Molecules Using Transform Rules

Users can modify the default rules



5

• Example: Convert Non-fluorine to fluorine
– Simple version: [!#9:1;D1_S]>>[#9:1]
– Problem (Need to avoid)

– Improved SMIRKS: [!#9;D1_S$(*~[#6])!$(*C=[O,N,S]):1]>>[#9:1]
– Currently ~150 transforms

Chemically Intelligent Transforms

X Highly reactive acid halide
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Transforms



• Starting structure is atomoxetine
• Use transformations from 

“ADD_FUNCTIONAL_GROUP”
• Creates 403 compounds
• A few diverse compounds are 

shown on the right

atomoxetine
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Synthetic Feasibility Assessment
Based on method from Ertl and Shuffenhauer, J. Cheminfo, 2009, 1, 8.

Score = fragmentScore – complexityPenalty

Heavy Atoms
Macrocycles
Stereocenters
Spiro centers
Bridges

Fragment 
frequencies

• ECFP of PubChem compounds
• Does the proposed compound 

contain fragments of compounds 
that have been synthesized?
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Synthetic Accessibility/Difficulty
SA Ertl1 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.
2Implemented in ADMET Predictor
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Distribution of SynthDiff Scores

WDI Focused Set of 
2260 compounds
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• Red points – 1st Pareto front
• Green points – 2nd Pareto front

• AIDD Module uses Pareto algorithm to select best molecules
• Pareto selection tool is also available in ADMET Predictor

Pareto Optimal Selection
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Applicability Domain

Training Set 
Range

10% BufferApply penalty to 
predictions that 
are outside the 
scope of the 
model
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After Applying “Penalties”
The out of scope 
penalty results in 
deprioritization of 
molecules that are 
outside the 
applicability 
domain of the 
model. 
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Flip Side of the Coin: Capping Values

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

Assigning a capping value tends to filter
out such molecules.  
The capping value is assigned as the result
when the actual result is “better”, because
this value is “good enough”.
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Applying Capping Values: Example

Molecules on right “dominate” molecules
on left after applying capping to SynthDiff
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• Select seed molecule(s)
• Select properties to optimize
• Define capping values

• Define scaffold
• Select filter criteria • Select transform rules

• Define no. of optimization cycles
• Select output folder

AIDD Setup
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A Few Results
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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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