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ncats.nih.gov

• Founded 2004 as part of NIH Molecular 
Libraries Roadmap Initiative

• NIH Chemical Genomics Center (NCGC)
• MLPCN (screening & chemical synthesis; 

compound repository; PubChem database; 
funding for assay, library and technology 
development )
• Develop new chemical probes for basic 

research and leads for therapeutic 
development, particularly for rare/neglected 
diseases

• New paradigms & applications of HTS for 
chemical biology / chemical genomics

• Incorporated into NCATS in January 2012

National Center for Advancing Translational Sciences
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NCATS Mission

To catalyze the generation of innovative methods and technologies that 
will enhance the development, testing and implementation of diagnostics 
and therapeutics across a wide range of human diseases and conditions.
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Re-thinking and Re-designing the 
Research Laboratory Ecosystem

ASPIRE
A Specialized Platform for Innovative Research Exploration

Modern
Lab Bench

Integrated 
Automated 
Solutions
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Implies a system that can autonomously learn and improve its function by analyzing and generating its own data.

“Self-Driving Lab” 

Schneider, G. (2019). Mind and machine in drug design. Nature Machine Intelligence 1(3), 128-130.
doi: 10.1038/s42256-019-0030-7.
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ASPIRE

Modern Lab Bench

Integrated Automation

Space Chemistry??
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Many Challenges in Automating Chemistry

Informatics

Robust, efficient, safe,  mild conditions and high yielding

Reagent delivery
Product Isolation (workup)
Evaporation (solvent removal or exchange)

Invasive (sampling, chemical derivation, e.g. TLC, HPLC)
Non-invasive (spectral analysis, UV-vis, FTIR, Raman, NMR)

Data mining, curation, and feature engineering
Contextual representation

Methodology

Physical Operations

Analysis
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ASPIRE’s Technology Ecosystem

ASPIRE
Next Gen Medchem

Advanced Technology Development Lab
Collaboration-Oriented

Technology-Driven

Translational
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ASPIRE Modules
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ASPIRE Next Gen MedChem Dashboard
“Complete Situational Awareness”
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Facilitated Development & Deployment Through Azure IOT Platform

An Evolution from Research in Silos to
Research in Real-time!
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In silico 
Design

Preparation

Isolation

Purification

Biological 
Testing 1

2

3

4

5

ASPIRE – Automated, Closed Loop Processing In silico Design
Target Design
Scored Synthetic Target(s)
Retrosynthetic Analysis
Route Selection
Reaction Templating

Preparation
Reaction Setup
Reaction Control
Reaction Monitoring
Reaction Completion

Isolation
Workup Selection
Workup Platform(s)
Purification Submission

Purification
Method Selection
Purification Platform(s)
Fraction Handling
Characterization
Delivery (Storage Logistics)
Reaction Outcome Reporting

Biological Testing
Assay Selection
Assay Platform(s)
Data Collection / Analysis
Knowledge Assessment
New Hypothesis (next iteration)

1

Process
Detail

2

3

4

5
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A New Renaissance in Chemical Synthesis Automation
(In a Research Setting)

Eli Lilly, Indianapolis, IN Eli Lilly / Strateos, San Diego, CA

ASL
2009

Lilly Life Sciences Studio (L2S2)
2020
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ChemKonzert, Takahashi Lab, Tokyo
Jameson Lab, MIT

ChemPuter, Cronin Lab, Glasgow

POD, Jensen Lab, MIT

Make-It, Jensen Lab, MIT

Additional Contemporary Examples

Radial Synthesis, Gilmore 
Lab, Max Planck Inst.
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Analog Design

Retrosynthesis

Reaction 
Selection

Ordering 
Materials

Reagent 
Dispensing

Reaction 
Execution

Reaction 
Workup

Purification / 
Evaporation

Registration / 
Bioassays

The Value of Integration

Value in providing greater scientific connectivity & context

Value in improving efficiency in logistics

Biological Data
ELN Data

Inventory Data

Analytical Data



14

Our Love-Hate Relationship with the Electronic Notebook

What we wish we had What we really have
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Lots of other folks have been looking at this problem as well

Schneider, N.; Lowe, D. M.; Sayle, R. A.; Tarselli, M. A.; Landrum, G. A., 
J. Med. Chem. 2016, 59 (9), 4385-4402.

Patents LiteratureeLNs

Christ, C. D.; Zentgraf, M.; Kriegl, J. M.,
J. Chem. Inf. Model. 2012, 52 (7), 1745-1756.

Krallinger, M.; Rabal, O.; Lourenco, A.; Oyarzabal, J.; Valencia, A., 
Chem. Rev. 2017, 117 (12), 7673-7761.
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ELN Extraction - Raw Output

ELNs
NCATS

Atom Mapping

“Matching”

“Complete”

“Completer”

RXN Classification (Naming)
In SD file

RXNSMILES

Metadata in RD file Cobnut Filbert Metadata

Roger Sayle
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OCC.CC(=O)O>[H+].[Cl-].OCC>CC(=O)OCC

Ref: https://www.daylight.com/meetings/summerschool01/course/basics/smirks.html

HCl/EtOH

|f:2.3|

Reaction Representation

• Reaction SMILES

https://www.daylight.com/meetings/summerschool01/course/basics/smirks.html
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• RXNO reaction ontology invented by Royal Society of Chemistry
• Ontology available at: https://github.com/rsc-ontologies/rxno
• Implemented by NextMove
• Can be utilized in curation and data mining

Reaction Ontology

Heterocyclic ring 
formation

C-C bond formation• 12 basic types

• 84 classes

• 500+ named
reactions

Suzuki reactionFisher indole
synthesis

Presenter
Presentation Notes
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Data Post-processing

Raw input

Substance decomposition
&

role assignment

Compound decomposition

Bemis-Murcko Scaffolds

RXID Mapping

Compounds

Substances

RXSMILES

RXN Fingerprints

Atom Mappings

RXN Names

Metadata

Pipeline prototype in KNIME  



20

ELN Extraction (~90K expts)

Data Processing

Database Upload

Data Curation (~16K expts)

Reaction Analytics
Dashboard

NCATS
RXN

Overall Process
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Most Frequently Utilized Reactions per Year
Reaction Name (Top 25% of 216) Reaction Class (Top 25% of 50)

Some Preliminary Observations
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Comparison of Name Reaction Frequencies

Top 5% of 505 Reactions - USPTOTop 10% of 210 Reactions - ASPIRE
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Substance Synthesis Frequency Distribution
Closed Reactions Only (~4K expts)

Occurrence as product >= 3
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Reaction Analytics Dashboard Web App Prototype

Gergely Zahoránszky-Köha
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Computational Platform to Support Chemistry Automation

Reactions
(ELN)

Compound
Registration

Analytics 
(Virscidian)

Knowledge 
Base

Retro-
synthesis

Condition
Prediction

RXN
Execution

RXN
Templating

RXN
Prediction

25



26 26

Frequency Distributions:

• Reaction Type (overall or by year)
• Reagent use by name or type
• Reagent use by quantity
• Catalyst use (most common vs least common)
• Catalyst use (by yield)
• Reactant use 

Reaction Networks:

• Average or median length of synthesis
• Longest synthetic sequence
• Reaction types represented / NOT represented
• Reactant diversity analysis

• Total count & frequency
• Performance by functionality

Productivity Metrics:

• Product production cycle times
• Cycle time by reaction type
• Yield Distributions

Cross Comparisons with Inventory:

• Reactants infrequently used or never used
• Use of rare (long lead time) reactants

Reaction Analytics – From Information to Actionable Knowledge
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Project / 
Platform A

Project / 
Platform C

Project / 
Platform B

Project / 
Platform D

Reaction Networks:

• Average or median length of synthesis
• Longest synthetic sequence
• Reaction types represented / NOT represented
• Reactant diversity analysis

• Total count & frequency
• Performance by functionality

Reaction Analytics by Platform (i.e. Target Space)

How is our reaction space evolving over time?

How would we like to see it evolve?

Where can we intervene most effectively?

What opportunities might we be overlooking?

Presenter
Presentation Notes
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Reaction Templating

“How do we get reactions to automatically set themselves up?”

1) Reaction Ontology
2) Complete Reaction Annotation (“No atom left behind”)
3) Standardized Reaction Equations (scale-independent)
4) Machine-Interpretable Temporal Instructions

Think:  Object + [Role] + Properties        Robotic Process

Features:
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• Clearly defined annotation strategy for benchmark reactions

• Test how discretized scale factors will work in practice

• Complete the reaction template lexicon / graph

• Build and test the hardware specification map

• Detail module design and construction

• Integrate-test, integrate-test, integrate-test…

The Work Ahead

Presenter
Presentation Notes
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Thank you!

Work presented here was supported in part by the Intramural/Extramural research program of the NCATS, NIH
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