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The State of Reaction Data in the 215t Century

Current publication practices aren't
ready for Al
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The need for more & better reaction data

The digitization of organic synthesis - Davies, Nature

. Molecular Machine Learning: The Future of Synthetic Chemistry? - Pfluger &
Glorius, Angew. Chem.

. Call for a Public Open Database of All Chemical Reactions - Baldi, J. Chem. Inf.
Model.

. Data Sharing in Chemistry: A Case for Mandating Structured Reaction Data -
Mercado, Kearnes & Coley, J. Chem. Inf. Model.

. Al for Retrosynthetic Planning Needs Both Data and Expert Knowledge - Strieth-
Kalthoff et al., JACS



The Open Reaction Database

@® Building predictive models for chemistry relies on the availability of structured reaction data
@® The ORD is an initiative to "support machine learning and related efforts in reaction prediction,
chemical synthesis planning, and experiment design”
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Kearnes et al. JACS 2021, doi.org/10.1021/jacs.1c09820




The ORD schema

Reaction — »| Reaction ID
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|dentifiers Inputs Setup Conditions Notes
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Observations Workups Outcomes Provenance

® Capture the most important aspects of reactions in a structured format.
® Allow additional details in a flexible, unstructured format.

Kearnes et al. JACS 2021, doi.org/10.1021/jacs.1c09820
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Traditional and Modern Synthesis
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Data enumeration workflow
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Graphical webform for single
reactions or templates
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# Define Reaction
reaction = reaction_pb2.Reaction()
reaction.identifiers.add(value=r"Suzuki-Miyaura coupl

Python API

type: NAME
value: "Suzuki-Miyaura coupling”

# Reactant 1
reaction.inputs["reactant 1"].addition order - 1
solute = reaction.inputs[“reactant_1"].components.add()
solvent - reaction.inputs[“reactant 1"].components.add()
solute.CopyFrom(
message_helpers.build_compound(
name="placeholder”,
smiles="placeholder”,
role="reactant”,
amount="0.4 nmol",
prep=None,
is_limiting=True,
prep_details=None,
)
)
solvent.CopyFrom{
message_helpers.build_compound{
name="placeholder”,
smiles="placeholder”,
role="solvent",

amount="1 uL",

Dataset defined by iterating a
template over a spreadsheet of
Reactions and their changing

parameters

®* HTE full factorial datasets
* Optimisation tables
®* Substrate scope tables



ORD tools

ord-data repository

ord-schema package

 open-reaction-database / ord-data ' Putiic
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Bump ord-schema and python (#211)
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ord-app reaction editor

ord-interface

() Datasets | Golden single reaction | ord-aafdcfeoabaoasbd...
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Dataset View
i onseind Dataset Metadata

% Dataset ID: ord_dataset-4 Sed1
Dataset Name:

:fm Dataset

[ Description:

% Number of

AlChemEco amide coupling conditions 47k dataset
in 47015

A high-throughput study of amide coupling conditions by AlChemEco from DOI: 10.1039/d5sc03364k. Dataset
comprises a diverse set of 70 amines and 66 acids (632 product pairs) coupled under 95 different coupling conditions.
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Extendable & Evolving
Data stored as protocol buffers "

temperature {
Exchangeable control {
type: DRY ALUMINUM PLATE

. N\ 00 details: "additional free-text descriptions" }
s |:> I_:) setpoint {
x value: 80.0

precision: 5.0
ORD dataset units: CELSIUS

Poi

Unpack datasets into a searchable database

MaChlne ACtlonable Chemically Informed Cleaning _E _E TEﬁ ObJeCt Relational
W= — ] — Mapper (ORM
ORDerly —1 =1 1= in ord-schema

Resctants  Agent  Solvent  Product collection of PostgreSQL

ofe &b Xﬁ ~ ORD datasets database

; o
Wigh et al. J. Chem. Inf. Model. 2024, doi.org/10.1021/acs.jcim.4c00292




Open access policies

ord-app reaction editor
app.open-reaction-database.org
GitHub
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OR you can
send your data
to a private
repository

Z

Institutional or private
repositories and/or
reaction editors

Software Vendors are also welcome to
re-use ORD tools in their products under an

Apache 2.0 license.

User initiated
submission via

CC-BY-SA 4.0

L

—
A

optional release
to public ORD

Public ORD
Repository &
Database

Pool ORD formatted data
from all repositories you
have access to.
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Some Quick Notices

Dataset rewards — $300 vouchers for eligible 2026 datasets
Legacy editor — the old reaction editor is being retired

1



Dataset Rewards

® Receive a $300 Tremendous voucher
for eligible datasets accepted in 2026

® Global participation

® 3 ways to getinvolved:

o Pick from the Dataset Wishlist

o Invited papers

o Suggest a priority paper
® Terms and conditions apply

WANTED

— FOR OPEN SCIENCE —

REACTION DATA

REWARD

per qualifying dataset

+— Scan to claim

The Open Reaction Database is offering bounties
for important reaction datasets.

This offer is valid worldwide. Terms and Conditions apply. While stocks last.
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https://www.tremendous.com/products/overview/
https://github.com/orgs/open-reaction-database/projects/11/views/1

Closing the Legacy Reaction Editor

® New ORD Reaction Editor
replaced the legacy editor in
July 2025.

Old editor still online at
https://open-reaction-
database.org/editor/dataset
but will shutdown after 31
July 2026.

Download your datasets if
you want to keep them.

Home

orD 53302318d6f1499fb9106e9e9470a417

ynthesis - T. Cernak 2023.pbixt L
‘ ‘ Guest Mode | ¥ Sign in with GitHub

Aryl Halide Core Solution Boronic Acid/Ester Solution Base Solution Catalyst Sol

/ Miniaturi mists T -

/ ord-dsebe711f5074e42a2995d526aafdd2a

[ download |[[ctone | @1 [autosave: on] [ validate | 44 3
Identifiers

Inputs

« Aryl Halide Core
Solutio

o
|
ion 29 H,0  [Compound] —OH _0 7
N A
n
Cl

dmso  water dmso P2-Et dmso tBu3P G2

100 nmol 250 nL 1600 nmol 50 nmol 250 nL 200 nmol 250 nL 10 nmol

limiting reactant solvent  solvent reactant solvent solvent catalyst
Addition order 1 Addition order: 3 Addition order. 4

Identifiers e
Identifier @
value 0378493_0148_0001

type |CUSTOM A

Legacy Editor
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