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Overview
Goals and use cases
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Design considerations
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From the documentation: "support machine learning and related efforts in reaction 
prediction, chemical synthesis planning, and experiment design”

Goals:

● Provide a structured data format for chemical reaction data
● Provide an interface for easy browsing and downloading of data
● Make reaction data freely and publicly available for anyone to use
● Encourage sharing of precompetitive proprietary data, especially HTE data

https://ord-schema.readthedocs.io/en/latest/overview.html


Primary use cases: synthetic organic chemistry

1. High-throughput experimentation
a. Data are recorded in spreadsheet formats including only varied parameters;
b. One template Reaction is defined to specify all aspects held constant;
c. The Dataset is defined by iterating over the spreadsheet and creating one Reaction entry per 

experimental condition.

2. “Traditional” bench chemistry
a. A chemist uses a graphical webform to define the settings and outcomes of all reactions 

used within a paper or project;
b. The structured Dataset is saved, uploaded to the Open Reaction Database, and used as part 

of their supporting information;
c. A list of reactions is exported from the Dataset in an SI-like text format.
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Applications
Example downstream ML uses
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Yield or selectivity prediction
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Multi-step retrosynthetic planning
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Reaction condition recommendation
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Reaction product prediction

10



Culture shift and new applications

We/I hope to create a culture shift in how data is shared in chemistry
• Providing a structured alternative to describing data in a .docx or .pdf (e.g., for 

Supporting Information documents)
o We can’t consider subtle aspects of reaction planning yet, like order of addition

• Including negative results when publishing, not just positive results
o None of the reaction outcome prediction models can predict “no reaction”

• Releasing reaction data that does not have to be associated with a journal 
publication
o Not all HTE datasets are done toward a specific publication goal

• Creating a venue that, in time, may find community traction like the PDB/CSD have
o The chemistry community has not yet taken ownership over their own data curation

• Distributing the cost of improving our collective knowledge of reactivity
o Individual groups/companies shouldn’t need to duplicate efforts
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Schema
Defining the structure of reaction data
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Goals for the schema

● Capture the most important aspects of reactions in a structured format
o Guided by our survey Fall 2019, the focus is on single-step batch reactions
o Fields are a superset of what existing databasing efforts contain
o Structured data enables downstream ML applications

● Allow additional details in a flexible, unstructured format
● Match chemist expectations around structure and nomenclature
● Record what physically occurred in a chemical reaction; de-emphasize recording 

of a chemist’s intent
o e.g., record the actual masses and volumes that were used to create a stock solution, not the 

target concentration
● Be human readable
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Structure of the schema
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Structure of the schema
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Structure of the schema
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Structure of the schema
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Protocol buffers
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message Mass {
enum MassUnit {
UNSPECIFIED = 0;
KILOGRAM = 1;
GRAM = 2;
MILLIGRAM = 3;
MICROGRAM = 4;

}
float value = 1;
// Precision of the measurement (with the same units as `value`).
float precision = 2;
MassUnit units = 3;

}



Protocol buffers
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mass = schema.Mass(value=1.25, units='GRAM')

resolver = units.UnitResolver()
mass = resolver.resolve('1.25 g')

mass_json = """{
"value": 1.25,
"units": "GRAM"

}"""
mass = json_format.Parse(mass_json, schema.Mass)



Protocol buffers
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reaction = schema.Reaction()
reaction.identifiers.add(value=r'deoxyfluorination', type='NAME')

# Input 1a is a stock solution of alcohol in THF
reaction.inputs['alcohol in THF'].addition_order = 1
solute = reaction.inputs['alcohol in THF'].components.add()
solvent = reaction.inputs['alcohol in THF'].components.add()

solute.reaction_role = schema.Compound.ReactionRole.REACTANT
solute.identifiers.add(value=r'c1ccccc1CCC(O)C', type='SMILES')
solute.amount.moles.CopyFrom(unit_resolver.resolve('0.1 mmol'))
solute.is_limiting = True

solvent.reaction_role = schema.Compound.ReactionRole.SOLVENT
solvent.identifiers.add(value=r'THF', type='NAME')
solvent.identifiers.add(value=r'C1CCCO1', type='SMILES')
solvent.amount.volume.CopyFrom(unit_resolver.resolve('125 uL'))
solvent.preparations.add(type=’DRIED’)
...



Enumeration procedure

1. Create a template reaction
2. Mark the variable fields in the template
3. Prepare the accompanying spreadsheet
4. Enumerate the dataset
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inputs {
key: "alcohol in THF"
value {

components {
identifiers {

type: SMILES
value: "$alcohol_smiles$"

}
amount {

moles {
value: 0.1
units: MILLIMOLE

}
}
reaction_role: REACTANT
is_limiting: true

}
. . .



Example notebooks
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Web interface at editor.open-reaction-database.org

* Looks a little different now 23



Where’s InChI?
Opportunities for integration
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Defining reactions and 
compounds
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1

2

3 Drawing with Ketcher (native output is MolBlock)

Bad!

MolBlockToInchI?
MolFromMolBlock à MolToInChi



Storing and retrieving structures and reactions
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1
Reaction/substance searching 
(right now SMILES/SMARTS, using the RDKit
PostgreSQL cartridge)

2 Canonicalization to deduplicate

• Different users may define compounds in 
very different ways

• Drawing (Ketcher)
• Copy/paste SMILES from ChemDraw
• Programmatically, with SMILES, InChI, 

or CAS numbers
• Certain species are harder than others to 

capture
• Organometallics 

(e.g., catalyst/ligand complexes)
• Tautomers
• Ionic interactions 

(RONa) v. (RO-, Na+)
• Similar challenges to what Greg mentioned 

for a compound registration system



Conclusion
Roadmap and summary
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Development roadmap

28



Open Reaction Database https://open-reaction-database.org/

• Multi-institution initiative to "support machine learning and related efforts in reaction 
prediction, chemical synthesis planning, and experiment design” by creating a 
schema for organic reaction data & establishing an open access repository

• Everything is being done in the
open on GitHub

• Tutorials are on YouTube
• Currently in beta testing and

looking for volunteers who can
contribute data (previously
published or otherwise)!
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