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Large Language Models are Changing Everything!

Web agent Code assistant

Molecule 
optimization 
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Do Large Language Models Understand Chemistry?
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Large Language Models as Samplers

LLMs cannot even follow instructions 
(Prompts) for simple tasks…  

Are prompts machine-interpretable… yet?

What is the natural way of interacting with 
machines (LLMs)?

Sampling!

Goal: “extract knowledge” from LLMs -> ill-defined!
Reframed as: finding molecules with optimal properties

Resample Weight

PerturbationInitial samples
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Large Language Models for Molecular Optimization
SOTA on 23 tasks!
Beat 25 strong baselines!
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Large Language Models for Molecular Optimization

Optimize docking scoresOptimize docking scores
Optimize initial pool

Multi-objective 
optimization
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Retrosynthesis Planning
Complex reasoning: Can LLMs generate synthetic routes for a 
given molecule?
With reaction template set R and purchasable building blocks set C

Retrosynthesis planning: a sequential decision-making process, starting from 
the target molecule and ending with a set of purchasable building 
blocks. 

Purchasable 
building blocks Target Molecule

Reaction
Database

Reaction 

Reaction
Database

Reaction 

Intermiedate 
molecules
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Retrosynthesis Planning

LLM-Syn-Planner
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Retrosynthesis Planning
LLM-Syn-Planner achieve comparable performance compared with specialized 
models

Baselines: Combine single-step specialized models with searching 
algorithms

LLM doesn’t work well as a single-step retrosynthesis-predictor
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Retrosynthesis design
LLM-Syn-Designer: Optimize molecules towards a given property while keeping 
synthesizability

Combining MolLEO and LLM-Syn-Planner together: 
filter out molecules with SC score > 3 in each iteration

Purchasable 
building blocks Target Molecule

Reaction
Database

Reaction 

Reaction
Database

Reaction 

Interneidate 
molecules

Iterative refinement
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Retrosynthesis design
LLM-Syn-Designer: Optimize molecules towards a given property while keeping 
synthesizability
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Thank you for listening!

Questions and discussions!

Codes are all public!

hwang984@gatech.edu

Thanks to Yuanqi Du for providing parts of the content and valuable 
suggestions for this presentation.


