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Application of Machine Learning in Organic Chemistry

Liu, Yidi' Yang, Qi Li, Yao Zhang, Long* Luo, Sanzhong™
(Center for Basic Molecular Science, Department of Chemistry, Tsinghua University, Beijing 100084)

Abstract Driven by nowadays’ computing power, big data technology as well as learning algorithm, artificial intelligence
(AI) has gained trenmendous attentions and become a transformative approach in many research areas. One of the most
extensively explored Al approaches in chemistry is (deep) machine learning, which provides new twists in the fields of organic
chemistry. The workflow of machine learning (ML) study in organic chemistry is briefly introduced. Meanwhile, the
application of ML in the accurate prediction of chemical properties, molecular de novo design, chemical reaction prediction,
retrosynthetic analysis and artificial intelligence synthetic machine are also summarized. In the end, the current challenges in
this field are analyzed and discussed.

Keywords machine learning; molecular descriptor; algorithm; chemical property prediction; de novo design; chemical reac-
tion prediction; retrosynthesis analysis
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computers the ability to learn without being explicitly pro-
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Figure 1 Learning mode of human and machine
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Figure 2 Workflow of applying machine learning in organic
chemistry
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AL 2EAE R, WK SRR E B AEAS . ZINC $odiE EU R
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Figure 3 Molecular descriptors of acetic acid
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Figure 6 RNN model for molecular de novo design
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Denmark %5213z FH 3¢ RF ) s HLRTIR BE 11 1544 22 9 4% 710
D7 P Tl R A 110 Tt e 5 T STV e £ 0 e e o2 £ 3 %
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Figure 9 Workflow of the prediction of higher-selectivity catalysts
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Figure 10 Prediction of yield in palladium catalyzed Buchwald-Hartwig reaction
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Figure 11 Neural network model of layered design for predict-
ing reaction conditions
MR R RO S BRI S5 &, 0 S R 7
1T, 12 1341 FhEFIRHE 2 AR T 9 Fhis ),
K¢ Menschutkin W EFREHGR S T 40%. 2018 4F,
Aspuru-Guzik 25" 2JF K T 44 Phoenics [ 5% 1A
%, Hots DU S A 4k 5 D1 2 8% 2% B {1 (Bayesian
kernel density estimation)#H 45 &, S48 I R A DL % IR
Phoenics I tH i SO S A PIAT, K 5206 45 R =8 e
AFEF. A L], Phoenics FJ PARRHE — &R %)
S S AR I B £ R B A AR IR
24 FERSH

THEHUAR B & st 1 B R A E — R AT
SN AR B, AT AT R B JEORE G B H BR. Corey
SEVOTE R A BT VA R T 3 SR, B
K, WERREATEA. —LLR N4 T S P& 7%
AT L g s BB R SRR AN . AR S Y
i 30 G R 2 T AR (Template-based ) Fl TG %
B (Template-free) B3 A A 1 5 s 10 & FEA— TR A1

FE TSR 0 5 BT Vs S SN 5 H AR 23T DL
it AF= AR — AN B A AT AU, AR AT DA H B R
G S S e vh B B UL CHEMATICA
PR T R I — T A WU K TF s g K 456
IR, 2 S RN 5 R e s — e, BAiRE &

Chin. J. Org. Chem. 2020, 40, 3812~3827



Chinese Journal of Organic Chemistry

REVIEW

R AR, MBS e R B B SR R0 2 T BE R IR
J53R. 2019 4E, Law 25U SHg R« AbF i B BE - ST R
TR TG =R 5 s B AR O B AR AR ST
T ARChem & 4L ¥it R 4E. 2017 4F, Coley %713
B, AR AT Lhadid H AR 435 50 R R R ) 2 TR Y
43T HPE (Molecular similarity)3E17HER.

2017 4E, Waller 25Uz FH R B 61 22 J) 28 B AU Soh U 4
[ 350 JIA R N EAE AT ISR, AR AT DL E BhiRBUR
REFIN], ZEIT 100 J54 SNz R Bk 5 o Ftml i i+ H
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Figure 12 MCTS method for retrosynthetic analysis
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ELRAT G RPATIX LS, B4 CRF i fd
B 2, MBS W R Ab I R B e (s S A Al 7 S 4 ) 21
RROESRM SR, SKHLT 15 MAMEERAY T
Hahtb & . 1% F 6% CASP SN2 & M4
&, & 7/ FRIESIE K, (AR 7 2N T

Z N\E/U\NHz

AR T

DR IR mELEY)

RS

& 14 Jamison Fl Jensen 55 K 1 H ML A BHLE N &
Figure 14 Automated synthetic robot platform developed by
Jamison and Jensen ef al.

(a) Workflow of synthetic planning software. (b) mobile chemical robot
platform!'*), Copyright 2019 American Association for the Advancement
of Science
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