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S1. Hyperparameters of Retro*
Table S1. The hyperparameters of Retro*[1] implemented in this paper for synthetic accessibility labeling.
	Hyperparameter
	Value

	Use GPU
	False

	Use value function
	True

	Maximum iteration
	100

	Expansion topk
	50




S2. Distribution of the number of atoms and number of chiral centers
[image: ]
Figure S1. The distribution of the SizePenalty, StereoPenalty, RingComplexity, MacrocycleComplexity of ES and HS molecules in the three test sets.

S3. Top-10 RFrags and BFrags with the highest score
[image: ]
Figure S2. The ECFP4[2] of the top-10 BFrags and RFrags with the highest score derived from the eMolecules building blocks (https://downloads.emolecules.com/free) and the USPTO reaction dataset[3].

S4. Raw prediction scores
[image: ]
Figure S3. The raw prediction scores of BR-SAScore compared with the 6 existing methods on the three test sets.


S5. Ablation study

[image: ]
Figure S4. precision-recall and ROC curves of BR-SAScore using only RFrags or RFrags calculated on the three test sets.


Table S2. Ablation study of BR-SAScore using only BFrags or RFrags. The best values are highlighted in font bond and the second-best values are underlined.

	Variant
	PR-AUC
	ROC-AUC

	
	TS1
	TS2
	TS3
	TS1
	TS2
	TS3

	BFrags only
	0.989
	0.941
	0.883
	0.982
	0.935
	0.883

	RFrags only
	0.987
	0.940
	0.894
	0.980
	0.934
	0.895

	BFrags + RFrags
	0.990
	0.947
	0.900
	0.984
	0.942
	0.990



[image: ]
Figure S5. The raw predictions of BR-SAScore with complexity buffer 1, 2, and 3 calculated on the three test sets.

[image: ]
Figure S6. The precision-recall and ROC curves of BR-SAScore with complexity buffer 1, 2, and 3 calculated on the three test sets.


S6. List of complex molecules
[image: ]
Table S3. The complex molecules collected by Wang et al.[4] and the number of synthesis steps planned by Retro*[1] and reported in the literatures.


S7. Predictions on complex molecules


[image: ]
Figure S7. The normalized synthesis accessibility scores predicted by all the 7 methods on 18 complex molecules collected by Wang et al.[4]

S8. Predicted scores on synthesis routes
[image: ]
Figure S8. The GASA score[5] for four molecules, (a) Scorodnin, (b) Pinnatolide, (c) Sedridine, and Gabapentin, and their precursors in the synthesis routes predicted by Retro*. Accessible building blocks are displayed in blue boxes. The values above the arrow are the prediction scores of the single-step prediction model of Retro*, where the prediction scores lower than 0.1 are highlighted in red color. 

[image: ]
Figure S9. The scores predicted by all 7 methods on four molecules, (a) Scorodnin, (b) Pinnatolide, (c) Sedridine, and Gabapentin, and their precursors in the synthesis routes predicted by Retro*. Accessible building blocks are displayed in blue boxes. The values above the arrow are the prediction scores of the single-step prediction model of Retro*, where the prediction scores lower than 0.1 are highlighted in red color. 
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Top-10 Bfrags with highest score





