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The requirements for effective drug discovery are complex and
command a multi-disciplinary approach
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Drug design cycle leads to optimized candidates, but necessitates
both in-house and published knowledge and data
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Reaxys aims to deliver actionable answers during the drug design
cycle
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Reaxys’ end-to-end processing workflow embeds and employs
ChemAXxon’s technology in various stages and processes
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Development of new capabilities within Reaxys aim to enhance the
ability to make informed and actionable decisions
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Using data from Reaxys we want to strengthening our support for the
drug design cycle
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Typical problems in lead optimization

Optimizing PK and ADME properties

“A part of my current lead structure is thought to be responsible for poor cell
permeability. My plan is to replace this substructure with something that is:
a) chemically feasible and

b) likely keeping the activity against the primary target.”

Researchers must identify, optimize and make lead compounds with less PK and ADME issues whilst
maintaining high affinity for the identified target.

Critical to understand is how to best modify a compound to achieve desired activity, PK or PD
properties

“What should we make next?”
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Matched Molecular Pair (MMP) analysis

Pairs of compounds with a small sub-structural exchange
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Used to understand the impact of sub-structural replacements on a given parameter of interest —
particularly popular with bioactivity data

Hussain et al., JCIM, 2010, 50, 339-348
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Matched Molecular Pair (MMP) analysis — a collaboration with the
Swiss Institute of Bioinformatics using RMC data
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RMC data derived Matched Molecular Pair web application — user
feedback

Medicinal Chemist in Pharma
» Used on a current drug design project
+ “Gave me new ideas and helped creativity”
* New ideas were handed to my computational chemistry colleagues for docking and
initiated further discussion

» Expected impact on research decisions:
« Extend chemical space due to larger knowledge base
» Trigger decisions more quickly when identifying and evaluating good/bad replacements

[llustrative example:
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Using data from Reaxys we want to strengthening our support for the

drug design cycle
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Typical problems in lead optimization

Safety pharmacology issues

~

‘I know my lead compound has good activity on my primary target but what
other targets could it be active on? | need to understand if my compound
could be responsible for any unwanted effects in a safety assay.”

/

Researchers must identify, optimize and make lead compounds with less toxicity or safety
pharmacology issues whilst maintaining high affinity for the identified target.

Critical to understand if a compound has potential to be active on secondary targets so that any
unwanted interactions/effects can be assessed and addressed

“What can we expect from our compound?”
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Target Prediction by molecular similarity

Assumption: if two
molecules are very
similar, they are more
likely to be active on the
same target

Target prediction (reverse screening):

Molecule with
unknown target

Similarity SSEIDraRof

molecules with
known targets
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Target Prediction by molecular similarity

The dual scoring function, based on both 2D and 3D molecular similarity, gives high performing predictions

Predictions based on comparisons

RMC data*
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RMC data derived Target Prediction web application — user feedback

Medicinal Chemist in Pharma
* Used on a current drug design project
» Looked for potential off-target pharmacology and assess safety

* Used to priorit  Target prediction
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Using data from Reaxys we want to strengthening our support for the
drug design cycle
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Predictive Retrosynthesis: rewiring chemistry and redesigning

synthetic routes

The challenge: Merck quotes that 55% of the time, a benchmarked catalytic reaction fails to deliver the

desired product®. Therefore a radical and innovative step change in synthesis is needed.

604 NATURE | VOL 555 | 29 MARCH 2018

Planning chemical syntheses with deep
neural networks and symbolic Al

Marwin M. 5. Sogler'~, Mike Prouss’ & Mask It Waller!
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Training the expansion and rollout policies

We extracted transformation rules from 12.4 million single-step reac-
tions from the Reaxys®® chemistry database?. Two sets of rules were
extracted. The rollout set comprises rules that contain the atoms and
bonds that changed in the course of the reaction (the reaction centre),
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Predictive Retrosynthesis: rewiring chemistry and redesigning
synthetic routes

The solution: Reaxys will offer a new approach to retrosynthesis in 2019 using deep neural networks and symbolic Al in
collaboration with Prof. Mark Waller. The new approach will extend syntheses of small organic molecules into predictive
modeling of previously unpublished synthetic pathways

Retrosynthesis benefits... ..leading to improved business outcomes

Augment chemist knowledge
 Via scrutinization of millions of synthetic pathways and presenting a highly customized route to
the researcher Improve speed to
market
Reduce time to discovery / development / synthesis
» Design successful synthesis pathway for novel molecules where previous attempts may have
failed

Reduce cost
» Design improved lead series, reduce risk of late stage failure

» Design more efficient synthesis routes (improved yield, reduced production costs)

Embed / Leverage
next-gen technology
to out-compete

Increase
productivity

@600

= Support IP strategy
« ldentify alternative synthesis routes to a patented route for a commercial product
« ldentify novel synthesis routes for a new molecule
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Summary and outlook
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hemAxon’s technology in Reaxys |
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Reaxys Architecture Diagram (simplified)
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Key Reaxys Use Case: Reaction Searching and Synthesis Planning

Using MarvinJS to enter even complex structure/reaction queries
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