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Workflow
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Parallel Computation
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Actve-learning approach for sampling TS locations
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Actve-learning approach for sampling TS locations
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Actve-learning approach for sampling TS locations

RMG database

Table S2. Benchmark of active learning sampling on TS location 29 Intra-5-Membered Conjugated Addition (C=C-C=C) N
Entry Reaction Success (V) or failure 30 Intra-Diels-Alder (Monocyclic) y
(*) 31 Concerted Intra-Diels-Alder (Monocyclic 1,2-Shift) x
1 [1+2] Cycloaddition v 32 Intra-Ene Reaction v
2 1,2-Insertion (CO) v 33 Intra-Halogen Migration V
3 1,2-Insertion (Carbene) x 34 Intra-H Migration V
4 1,2-Elimination (NHs) v 35 Intra-OH Migration \
5 1,2-8hift (C) v 36 Intra-Retro-Diels-Alder Reaction (Bicyclic) V
6 1,2-Shift (S) V 37 Intra-RH-Addition (Endocyclic) V
7 1,2-Interchange y 38 Intra-RH-Addition (Exocyclic) \
8 1,3-Insertion (ROR) N 39 Intra-R-Addition (Endocyclic) y
9 1,3-Insertion (RSR) y 40 Intra-R-Addition (Exocyclic) v
10 1,3-Insertion (CO2) x Y Intra-R-Addition (ExoTetCyclic) V
11 1,3-Elimination (NH3) N 42 Intra-R-Addition (Exo Scission) x
12 1,3-Sigmatropic Rearrangement N 43 Intra-Substitution Cyclization (CS) \
13 [2+2] Cycloaddition N 44 Intra-Substitution Isomerization (CS) \
14 6-Membered Central C-C Shift N 45 Intra-Substitution Cyclization (S) V
15 Baeyer-Villiger Reaction Step1 (Cat) N 46 Intra-Substitution Isomerization (S) N
16 Baeyer-Villiger Reaction Step2 V 47 Ketoenol v
17 Baeyer-Villiger Reaction Step2 (Cat) \f 48 Korcek Reaction Step1 v
18 Br atom Abstraction N 49 Korcek Reaction Step2 x
19 Blatai At o 50 Korcek Reaction Step1 (Cat) V
20 Cyclic-Formation (Ether) S 51 Retroene v
21 Cyclic-Formation (Thioether) J a2 R-Addliian (€0 v
22 Scission (Cyclopentadiene) V & Rfyddition (65) v
23 Diels-Alder Addition N 54 R-Addition (MultipleBond) V
24 Diels-Alder Addition (Aromatic) J 55 Singlet-Carbene In‘tra.-Disproportionation V
25 F Atom Abstraction V & Substftut!on () y
26 Elimination (Peroxy Radical) J o SubelullonS) i
) 58 XY-Addition (MultipleBond) V

27 H Atom Abstraction V o
o 59 XY-Elimination (Hydroxyl) x

28 Intra-[2+2] Cycloaddition \f

Total number: 59; Succeed cases: 53; Successful Rate: 90%




Variety
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Focuses only on conformations associated with the active sites.
The portion with active site B rotatedwhile simultaneously revolving around the part with active site A.

The conformations are extracted at a certain frequency.



Chiral

(b) Chirality analysis

X® :
|7 B“ \uﬁ- POS;I:/e Class A
i ?
A i i - _ Generated L
B“‘}”’“‘C s B“"IU--FC enantiomers
A A o
X .
* Input structure * Locate I— . \' Negative Cl B
: B |VJ-~. X° ass
chiral center Al

1. Recognition and collection of chiral carbon atoms using Pybel,
2. Generate enantiomers through rotation and the use of function U;

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

Table S$3-1. Comparison between ARplorer and other programs
(Claisen rearrangement of CH2=CH-O-CH2>-CH=CHy>)

Program Total Outcome  Outcom Total Total Costed | Calculation
reactions reaction e yield number number | Time level
of TSs IMs (h)
ARplorer 427 156 36.5% 156 178 5 xTB
(GFN-2)
ADCR 24949 221 0.8% 221 282 18.9 xTB
(GFN-2)
GRRM - 200 - 200 197 168 B3LYP
/6-31G
Kinbot 220 64 29.1% 34 - 72 B3LYP
/6-31G
LASP 1575 303 19.2% 303 2182 8 MLP

In ARplorer and ADCR, the reaction is specified to proceed in two reaction steps. In other programs,
reaction steps could not be specified, and these programs were terminated at a given time. In ADCR,

four of the twelve atoms were frozen. The site with “-” means this data could not be found.



Lewis acid-promoted cycloaddition reaction
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Lewis acid-promoted cycloaddition reaction
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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
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Asymmetric Mannich-type reaction
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~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.



Asymmetric Mannich-type reaction
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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



Platinum-catalyzed Annulation of Alkynes to Indoles
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~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. ldentified an alternative intramolecular 1,2-acyl
migration pathway;

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



Limitation

Limitations

» 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.
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