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Actve-learning approach for sampling TS locations
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Actve-learning approach for sampling TS locations

TS Locations Sampling

1. For a given IN, determine the corresponding 
intermediate (IM) using function U.

2. Select three probe points in the golden 
section ratio region.

3. Fit a quadratic curve and estimate the 
potential saddle point from the extremum.

4. If no qualified TS is obtained, use the 
extremum as a new probe point and repeat 
step 2.

2-Steps Validation
• If the active atom pair shows a top-10 vibration 

weight in the negative-mode eigenvector.
• One unique virtual frequency in frequency 

analysis. 



Actve-learning approach for sampling TS locations

RMG database



Variety

The portion with active site B rotatedwhile simultaneously revolving around the part with active site A.

Focuses only on conformations associated with the active sites.

The conformations are extracted at a certain frequency.



Chiral

2. Generate enantiomers through rotation and the use of function U;

1. Recognition and collection of chiral carbon atoms using Pybel; 

3. Classifie the elementary step accurately by rotating the structure to maintain the same atomic 
connections but considering the different spatial relationship of the chiral atom and its connected 
atoms.



Comparison



Lewis acid-promoted cycloaddition reaction

~1.5 days, generating 874 reaction steps, on 24-core Xeon GOLD 6342 CPU

1. Reproduced the literature-reported 
reaction pathway (path A); 

2. Discovered additional plausible 
pathways; 

3. Identified a previously unreported 
concerted [4+3] pathway; 

4. Discovery of a new side reaction. 



Lewis acid-promoted cycloaddition reaction

• Although this product cannot form 
directly due to Woodward–Hoffmann 
constraints, it undergoes a 1,2-
migration leading to A–IM7 and a 
final stable product A–IM11.

• This new pathway suggests a 
thermodynamically controlled 
alternative product channel that was 
missed by manual DFT studies.



Lewis acid-promoted cycloaddition reaction



Asymmetric Mannich-type reaction

~6 hours, generating 156 reaction steps, on 24-core Xeon GOLD 6342 CPU

1. Successfully reproduced the 
literature-reported asymmetric reaction 
pathway (path B); 

2. Mapped all stereoselective pathways 
leading to B-SS, B-SR, B-RS, and B-
RR products; 

3. The automated exploration network 
illustrates the full set of transition states 
and intermediates obtained.



ARplorer systematically and efficiently mapped all 
stereoselective pathways in a remarkably short 
timeframe. The exploration covered all enantio- 
and diastereoselective pathways towards B-SS, 
B-SR, B-RS,and B-RR products. While further 
refinement with high-level theory and 
consideration of solvation effects were not yet 
incorporated in this preliminary exploration with 
ARplorer

Asymmetric Mannich-type reaction



Platinum-catalyzed Annulation of Alkynes to Indoles

~4.5 days, generating 2693 reaction steps, on 24-core Xeon 
GOLD 6342 CPU

1. Successfully replicated the known pathway via 
the acylium intermediate; 

2. Identified an alternative intramolecular 1,2-acyl 
migration pathway; 

3. Uncovered a previously unreported, kinetically 
favored carbene pathway, missed by manual DFT 
calculations.



Limitation

• Reaction logic libraries should be further expanded for some elementary 
reactions and special synthons

• The computational complexity still scales exponentially with the number 
of steps in the reaction pathway

• For efficiency, solvent effects and high-level electronic energy 
corrections were not included during automated exploration.

Limitations
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