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Dual encoder—based reaction prediction for multilevel organic chemistry
ZHU Linxing, JIANG Shu’, HUANG Jiashuang, DING Weiping
(School of Artificial Intelligence and Computer Science, Nantong University, Nantong 226019, China)
Abstract: Prediction of forward reactions in organic chemistry as a critical artificial intelligence (Al) application has
attracted more attention from researchers in recent years. The simplified molecular—input line—entry system (SMILES)
provides a method to linearize the chemical molecular formula. Thus, based on SMILES encoding, reaction prediction
can be converted to the task of sequence—to—sequence generation in a neural machine translation (NMT). The tradi-
tional Transformer model focuses only on the inter—atomic attention weights in the chemical formula and ignores the
global information within the molecule. Moreover, the traditional Transformers suffer from performance degradation
and limited generalization when encountering diverse representations of identical molecules. To address these points,
we propose a reaction prediction method for multilevel organic chemistry based on dual encoders. Firstly, our model
uses two encoders to process the information at the molecular level and the atomic level, respectively. Next, a molecu-
lar feature algorithm is proposed to obtain the interaction between molecules by averaging atom embeddings. Finally, a
gating unit for automatic adjustment is utilized to perform multi—level feature fusion between the outputs of the atomic
and molecular encoders. The fusion result is input to the decoder. Our results illustrate the method proposed obtains
better results than the baseline on the three USPTO datasets and improves the generalization ability and long sequence

processing ability of the model.
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10. v < dot_p[-1];//FJg — 1~ s 5 9 {E

11. for j, dot in enumerate (dot_p) do
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16. else
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25. RE R start Al last_sre Z B IR A ;
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27. Finalize and store U’ for the sample;

28. end for

29. Return U’
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Fig. 2 Methods of molecular embedding
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Tab. 4 Data statistics of the three datasets A
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Tab. 5 Steps for root alignment data enhancement
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Tab. 6 Test results of different models on three datasets

R /%

LGRS LY BLEU I &) /h
Top—1 Top-3 Top-5

USPTO-Jin JEk 83.12 89.42 90.00 97.39 52
e 83.91 89.47 90.47 97.46 148

USPTO-Jin_R
WAL 2 84.26 90.28 91.02 97.28 122
USPTO- HLE 69.69 7733 7892 9250 84
Schwaller Wit g 7016 77.76 79.64 91.40 123
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Tab. 7 Comparison with the related works and our model

USPTO-Jin USPTO-Schwaller
LY MR /% ML /%

BLEU BLEU

Top-1 ~ Top-3  Top-5 Top-1 ~ Top-3  Top-5
Seq2seq® 80.30 86.20 87.50 — 65.40 74.10 — —
WLDN52 80.60 — 93.40 — — — — —
Fairseq?! 82.42 89.85 90.74 90.74 69.69 77.33 78.92 92.50
Transformer-AIS™ 8428 89.39 90.16 96.27 68.17 76.86 78.69 90.17
AR S 84.26 90.28 91.02 97.28 70.16 71.76 79.64 91.40
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Tab. 8 Results of ablation experiments
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—J1mn
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—Jin__
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— — OABd + A Bd) 69.60 7733 7892  92.83
USPTO-Sehwall AVG — OABd +A’Bd + AP) 70.16 77.76 79.64  91.40
—>dcnwaller
— MA OB + A Bd +24P) 7004 7751 7986 9245
AVG MA OABd + A’ Bd + 3AP) 70.16 7776 79.64 91.40
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Fig. 7 Embedding Tanimoto coefficients for reactants
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Tab. 9 Information for the six SMILES in figure 7

SMILES FFH BEIA AR
XG0 ) 2 2k
0 115 0.975 028 0.974 749
1 104 0.793 526 0.798 978
2 93 0.799 639 0.794 500
3 98 0.794 657 0.790 178
4 77 0.812 415 0.820 304
5 127 0.891 973 0.885 370
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