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Background

Building blocks

• A set of commercially available molecules. In this work, we use 

23,081,633 commercially available molecules from eMolecules[1].

Single-step retrosynthesis

• Predict the reactants that can lead to a given product molecule 

through a single reaction step. In this work, we use a template 

based MLP from [2].

Retrosynthetic planning

• A systematic process in organic chemistry for designing a 

synthesis pathway by working backward from a target molecule to 

simpler, commercially available starting molecules.

[1] https://downloads.emolecules.com/
[2] Segler M H S, Waller M P. Neural-symbolic machine learning for retrosynthesis and reaction prediction[J]. Chemistry–A European Journal, 2017, 23(25): 5966-5971.
[3] Xie S, Yan R, Han P, et al. Retrograph: Retrosynthetic planning with graph search[C]//Proceedings of the 28th ACM SIGKDD Conference on Knowledge Discovery and Data Mining. 2022: 
2120-2129.

Example of retrosynthetic planning from [3]

Example of single-step retrosynthesis
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Method
Agent workflow

• The LLM-based agent interacts with the environment with structured text. 

• With the increase of interactions, complex molecules are broken down gradually.
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Method
Molecular  state

• Containing all molecules that have to be synthesized (unavailable). 

• The first molecular state contains only the target molecule. The successful molecular state contains no molecules.
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Method
Molecular  state transition

• In a molecular state transition, agent Retro-R1 process one molecule with two actions. 

• ‘CALL’ uses the single-step model to propose multiple reaction candidates. ‘SELECT’ selects one from them.  
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Method
Molecular  state transition

• In a molecular state transition, agent Retro-R1 process one molecule with two actions. 

• ‘CALL’ uses the single-step model to propose multiple reaction candidates for a molecule. ‘SELECT’ selects one from them.  
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Method

Environment

• Check if the action is legal.

• Use tools according to the actions.

• Query molecules in building blocks.

• Organize responses based on the results of the other operations.

• Checks for termination conditions.

• Calculate the reward after termination.

History message

• Organized into multi-turn dialogues.

• Containing all the action-response pairs.
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Method
Reinforcement Learning Algor ithm

• We generalize the Proximal Policy Optimization (PPO) to multi-turn dialogues.

Reward

• A rule-based reward.

• If terminating successsfully, +0.9.

• If terminating in failure, -1.0.

• When success, if the number of interactions    is larger than 40,                             .  
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Method
Policy model loss function

•      is the training set,      is a target molecule,       is the environment. 

•          is the old policy model,      is the token sequence of history message after termination.

• Define a token mask function           , which is 1 if       is a token generated by the LLM, elso 0.

•                       
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Method
General Advantage Estimation（GAE）

• The original formula of GAE is

• Set � = 1, � = 1, �� = 0

• In ��, the KL term for environment tokens is set to 0.
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Method
Value model loss function

• For LLM tokens, it’s the same as the original function.

• For environment tokens, the target is set to 0. 
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Method
Iterative planning strategy

• A memory mechanism is implemented to record all the intermediate information. 

• The orders of molecules and reactions are shuffled to encourage exploration.  

• Multiple rounds of planning are reorganized into an AND-OR graph and the best routes are searched.
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Result

Dataset

• Retro*-190

• ChEMBL-1000
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Thank you for listening.


