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Atoms as letters, molecules as words
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precursors products>>

Chemical reactions can be represented as text.

N O

F

N

F
O

-O O-HS
K+ K+

S

N

F+ ++

CC(C)S.CN(C)C=O.Fc1cccnc1F.O=C([O-])[O-].[K+].[K+]>>CC(C)Sc1ncccc1FSMILES:

Tokens: C C ( C ) S . C N ( C ) C = O . F c 1 c c c n c 1 F . O = C ( [O-] ) [O-] . [K+] . [K+] >> C C ( C ) S c 1 n c c c c 1 F

Split -> “sequences of atoms”

à Borrow AI methods developed for human languages 

SMILES:



Reaction prediction
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?

O=C(Cl)c1ccc(CBr)cc1NCc1cccc(Cl)c1 O=C(NCc1cccc(Cl)c1)c1ccc(CBr)cc1

N  C  c  1  c  c  c  c  (  Cl  )  c  1  .  O  =  C  (  Cl  )  c  1  c  c  c  (  C  Br  )  c  c  1 O  =  C  (  N  C  c  1  c  c  c  c  (  Cl  )  c  1  )  c  1  c  c  c  (  C  Br  )  c  c  1

Textual representation (SMILES)

“Sentence of atoms” “Translation”

Schwaller, P.; Laino, T.; Gaudin, T.; Bolgar, P.; Hunter, C. A.; Bekas, C. & Lee, A. A., ACS Cent. Sci., 2019, 5, 1572-1583. 

Molecular Transformer

Example 1/5



Retrosynthetic analysis 
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N  C  c  1  c  c  c  c  (  Cl  )  c  1  .  O  =  C  (  Cl  )  c  1  c  c  c  (  C  Br  )  c  c  1O  =  C  (  N  C  c  1  c  c  c  c  (  Cl  )  c  1  )  c  1  c  c  c  (  C  Br  )  c  c  1

Similar approach, both sides switched
“Translation”

?

Schwaller, P.; Petraglia, R.; Zullo, V.; Nair, V. H.; Haeuselmann, R. A.; Pisoni, R.; Bekas, C.; Iuliano, A. & Laino, T., Chem. Sci., 2020, 11, 3316-3325.

Transformer

Example 2/5



Completing partial chemical equations
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Example 3/5



Atom mapping: RXNMapper
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Visual Analysis 
of Attention Weights
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Discovery: Atom-mapping

precursors           |        products

Schwaller, P.; Hoover, B.; Reymond, J.-L.; Strobelt, H. & Laino, T., Sci. Adv., 2021, 7, eabe4166.

Example 4/5



+ amine 
 (1.2.14)

+ alcohol 
(1.2.17)

Weinreb reactions:
- Bromo / Iodo coupling 
(3.9.14/17)
- Ketone synthesis (3.9.13)
- Amide synthesis (2.1.9)

Nitro to Amino 
(7.1.1)

Nitration  
(10.2.1)

Iodo N-methylation  
(1.1.3)

Alkene 
Hydrogenation
 (7.6.1)

Diels-Alder
 (3.11.3)

Chloro N-Arylation (1.3.7)

    Chloro 
N-Alkylation 
(1.6.4)

Bromo 
N-Alkylation 
(1.6.2)

Ether synthesis 
(1.7.7/9/11) 

Esterification 
(2.6.2)

Oxidations 

CO2H-Me
deprotection  (6.2.2)

O-Bn deprotection  (6.3.1)

N-Bn deprotection  
(6.1.5)

- Formic acid + amine
condensation (2.1.18)
- Formylation (10.4.1)
- Methyl to Formyl (8.8.1)
- Vilsmeier-Haack (3.11.14)

Alkyne 
to Alkene 
Hydrogenation
 (7.7.1)

Iodination  
(10.1.4)

Carboxylic ester 
+ amine reaction (2.1.10)

Carboxylic acid
+ amine 
condensation (2.1.2)

Aldehyde reductive
amination (1.2.1)

CO2H-Et deprotection
(6.2.1)

Epoxide coupling 

Methyl esterification
(1.7.6)
 

Amide 
Schotten-Baumann

(2.1.1)
 

N-Boc deprotection
(6.1.1)

Nitrile reduction
(7.3.1)

Cyano to formyl 
to  carbomoyl
(9.5.182 / 9.7.57)

Hydroxyimino to amino
(9.7.286)

N-Boc 
protection
(5.1.1)

different
heterocycle
formation
(4.1 / 4.2) 

O-TBS  deprotection
(6.3.2)

Methoxy to Hydroxy (6.3.7)

Bromo-Suzuki
coupling  (3.1.1)

Iodo-Suzuki
coupling  (3.1.3)

Bromination
               (10.1.1)

Chloro-Suzuki
coupling  (3.1.2)

Bromo N-Arylation
(1.3.6)

     Wittig
olefination
(3.8.1)

Separations  (11.1 / 11..9)

Thiazole synthesis
               (4.3.3)

Hydroxy 
to Chloro
(9.1.6) - Iodo Sonogashira (3.3.4)

- Iodo Heck (3.2.3)
- Hiyama coupling (3.5.1)
- Chloro Sonogashira (3.3.3)

Unrecognised
Heteroatom alkylation and arylation
Acylation and related processes
C-C bond formation
Heterocycle formation
Protections
Deprotections
Reductions
Oxidations
Functional group interconversions
Functional group additions
Resolutions

Pd-(OAc)2
K2CO3

Iodo-Suzuki coupling Chemical 
Reaction

Atlas

Classifying and mapping reactions
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Schwaller, P.; Probst, D.; Vaucher, A. C.; Nair, V. H.; Kreutter, D.; Laino, T. & Reymond, J.-L., Nat. Mach. Intell., 2021, 3, 144-152.

Example 5/5
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1. AI models for chemistry

2. Building a user interface and API

3. Use cases and special considerations

4. Challenges and outlook



Why provide interfaces to users?
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§ New applications of AI to 
chemistry every week

§ Accessibility and 
reproducibility often limited

Model availability:

§ Not available or limited 
availability (often)

§ Open-source (often)

§ Easy to use?

§ Reproducible results?

§ Web service (rare)

Consequence: limited use by the target audience (bench chemists)



User interfaces
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§ Challenges to make models more accessible:

§ Requires time
§ Requires expertise

§ Starting in 2018: IBM RXN for chemistry
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Freely available 
web platform

rxn.res.ibm.com

IBM RXN for chemistry

Alain Vaucher / IBM Research Europe / March 26, 2023



IBM RXN for chemistry
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§ Positive reception by the community

§ At the beginning, limited to:

§ Use via web browser
§ Reaction outcome prediction model

§ Quite soon, a user: “Can I access the API?”



Going beyond a user interface
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§ User interface not always enough:

§ Automated predictions
§ Composability & modularity

§ Integration in other workflows
§ …

à application programming interface (API)



IBM RXN API
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§ Same endpoints as for UI

§ Direct use: not straightforward (authentication, 
etc.)

à Python package for API wrapper
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API wrapper on GitHub:
github.com/rxn4chemistry/rxn4chemistry



OUTLINE

Alain Vaucher / IBM Research Europe / March 26, 2023 21

1. AI models for chemistry

2. Building a user interface and API

3. Use cases and special considerations

4. Challenges and outlook



22

rxn.res.ibm.com

Current status

Alain Vaucher / IBM Research Europe / March 26, 2023

github.com/rxn4chemistry/rxn4chemistry

Status early 2023:
~35k registered users

~9M predictions
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Use cases of IBM RXN
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Chemical synthesis Chemical reactivity 
screening

Education … and others !
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Special considerations
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Data confidentiality User feedback

Concept of users 
and projects Symmetry UI-API
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Special considerations
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Data confidentiality User feedback

Concept of users 
and projects Symmetry UI-API

à Portability is important
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Challenges
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Backward compatibility Cost

API rate limits Handling of API errors
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Backward compatibility Cost

API rate limits Handling of API errors

https://xkcd.com/1172/

https://xkcd.com/1172
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Outlook
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Integration of 
external models

Steering synthesis robot
from the API
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Thank you for 
your attention!

Questions or comments
E-mail: ava@zurich.ibm.com

Twitter: @acvaucher
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Thank you for 
your attention!

Questions or comments
E-mail: ava@zurich.ibm.com

Twitter: @acvaucher

Talks by other team members: 
ibm.biz/acs-spring-2023


