Electronic Supplementary Material (ESI) for Reaction Chemistry & Engineering.
This journal is © The Royal Society of Chemistry 2021

S1

Generating Molecules with Optimized Solubility

using lterative Graph Translation

Camille Bilodeau?, Wengong Jin?, Hongyun Xu?, Jillian Emerson®, Sukrit Mukhopadhyay?, Tom Kalantar?,
Tommi Jaakkola?, Regina Barzilay? Klavs F. Jensen (kfjensen@mit.edu)*?
!Department of Chemical Engineering, Massachusetts Institute of Technology, 77 Massachusetts
Avenue, Cambridge, MA 02139, United States
2Computer Science and Artificial Intelligence Laboratory, Massachusetts Institute of Technology,
Cambridge, MA 02139, United States
3Dow Chemical Company, Midland, MI 48674, United States

*Corresponding Author

Supplementary Information

1. Iterative Graph-to-Graph Translation

All framework, architecture, and training parameters for the iterative graph-to-graph translation
procedure can be found in Table 1. The code used for training can be found here:
github.com/cbilodeau2/g2g_optimization.

Table S1. Framework, architecture, and training parameters for the iterative graph-to-graph translation.
Framework Parameters

Cutoff Improvement, a 0.8 LogS
Number of Iterations 3
Cutoff SA Score 3.5
Training Parameters

Batch Size 32
Number of CPU 9
Dropout 0.0
Learning Rate le-3
Clip Norm 2.0
Beta 0.3

Number of Epochs 10 (per iteration)



Anneal Rate 0.9
Architecture Parameters

Activation RelLU
Aggregation Sum
RNN Type LSTM
Hidden Size 270
Embedding Size 270
Latent Size 4
Tree Depth 20
Graph Depth 20
Tree Iterations 1

Graph Iterations 3
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2. Directed Message Passing Neural Network (DMPNN)
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All architecture and training parameters for the DMPNN can be found in Table 2. The resulting model for

predicting solubility had R = 0.790, MAE =0.789, and RMSE = 1.038 (Figure 1).

Table S2. Architecture and training parameters for the DMPNN.

Training Parameters

Batch Size 50
Dropout 0.0
Learning Rate le-3
Max Learning Rate le-2
Number of Epochs 100
Architecture Parameters
Activation RelLU
Aggregation Mean
Ensemble Size 1
Depth 3
FFN Hidden Size 300
FFN Depth 2
Split Sizes 0.8,0.1,0.1
Split Type Random
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Figure S1. Comparison of the true and predicted Log solubilities of the test set molecules from AqSolDB.



Table S3. Source, catalog number, and physical properties for molecules used in solubility experiments.
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Molar Mass Density
Selected Molecules Supplier Catalog number

(/mol) (g/ml)
Dodecane Fisher 117590250 170.33 0.75
Methyl butyrate Sigma Aldrich 246093 102.13 0.90
4-Chlorobutyric acid Sigma Aldrich C29835 122.55 1.24
2-Heptanone Sigma Aldrich 537683 114.19 0.82
N-Butoxymethyl acrylamide Fisher B106025ML 157.21 0.98
Ethyl Formate Sigma Aldrich 112682 74.08 0.92
Octamethyltrisiloxane Sigma Aldrich 0025725ML 236.53 0.82
Pinacolone Sigma Aldrich P45605 100.16 0.80
Dimethyl Glutarate Fisher G018525G 160.17 1.09
N-Methylformamide Fisher F005925G 59.07 1.01
Toluene Fisher T290-1 92.14 0.87
4-Fluoroaniline Fisher F3800 111.12 1.17




3. Agueous solubility measurement by experiments

For each selected molecules, agueous solutions of varies concentrations are prepared to determine the solubility of the molecule. Table S3

summarize the solubility behavior and Figure 2 & 3 display the image of each solution in Table 3.

Table S4. Solubility behavior of the aqueous solution with the selected molecules at each concentration.
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Target & Actual Concentration

Selected

Molecules 0.20% 0.50% 1% 3% 7% 15% 34% 95%
Dodecane* 018% X |044% X | 092% X | 3.11% X | 6.89% X | 15.77% X | 33.60% X | 94.93% X
Methyl butyrate | 0.17% O |0.54% O | 1.14% O | 3.60% X | 7.14% X | 15.18% X | 33.52% X | 94.95% X
4'Ch'c;r§2“ty”c 020% O |070% O | 137% O | 407% O | 6.15% O | 13.78% O | 32.20% X | 94.89% O
2-Heptanone* |0.17% O |0.47% O | 0.92% X | 2.91% X | 7.27% X | 14.85% X | 33.25% X | 94.98% X
N'?::‘y’;ymmiztehy' 016% O |048% O | 096% O | 3.00% X | 7.27% X | 13.68% X | 34.68% X | 95.17% X
Ethyl Formate |0.18% O |030% O | 0.84% O | 273% O | 7.08% O | 14.94% X | 34.82% X | 95.18% O
2?::::(:1‘;' 019% X |041% X | 0.97% X | 293% X | 6.91% X | 14.82% X | 33.04% X | 94.96% X
Pinacolone 014% O |043% O | 0.90% X | 289% X | 6.80% X | 15.05% X | 34.24% X | 95.04% X
gl':;z::tye' 021% O |046% O | 098% O | 292% O | 6.49% X | 14.34% X | 34.05% X | 94.90% X
fgm'\:'::lé'e 020% O |053% O | 096% O | 289% O | 679% O | 14.64% O | 33.93% O | 94.93% O
Toluene* 013% O |043% X | 0.88% X | 2.92% X | 6.99% X | 13.07% X | 34.12% X | 94.99% X
4-Fluoroaniline |0.18% O |049% O | 0.98% O | 2.84% X | 6.68% X | 14.47% X | 32.70% X | 94.92% X

Note: “X” represents insoluble, where the solution is cloudy or phase separation. “O” represents soluble, where the solution is clear.
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Figure S2. Images of first set of solvents in aqueous solutions.
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Figure S3. Images of second set of solvents in aqueous solutions.
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Table S5. 100 randomly selected from the molecules generated with good SA score and good RA score.

SMILES Tree Found
0=C(0)C1=Cc2ccc(C(=0)0)c(C(=0)0)c2C(=0)C1 TRUE
O=C(NCCCS(=0)(=0)0)c1cc(N=Nc2ccc(0)cc2)ccclO TRUE
CN(CC(0O)COc1ccencl)C(C)(CN FALSE
Cclc(N)ccc(Nc2ceece(S(=0)(=0)0)cc2C(=0)0)c15(=0)(=0)0 TRUE
O=CCclccc(S(=0)(=0)Nc2ccec3ec(S(=0)(=0)0)ccc23)ccl TRUE
CCN(C)C(=0O)CCN(C)C(=0O)c1ccec(S(=0)(=0)Nc2ccc(S(=0)(=0)0)cc2)c1 TRUE
Cn1c(=0)n(CO)c(=0)c2ncn(CO)c21 FALSE
0=C1C=C2C=CC=CC2c2ccc(S(=0)(=0)0)cc21 FALSE
CCn1nc2c(=0)n(C)c(CC=0)nc2cIN FALSE
NC(C(=0)0)C(=0)NC(C(=0)0)clccec(0)cl FALSE
NCCCCCcoccoccocco TRUE
CCclccc(S(=0)(=0)0)c(0)c1 TRUE
CNCCCnlcnc2nc3cnenc3nc2l FALSE
CC(=0)NC1CCC(N)CC1 TRUE
NCNC(=O)NCNC(=0)Nclcccccl TRUE
CC(C(=0O)NCC(=0)0)cl1cce(0c2cccec2C(=0)0)ccl TRUE
OCCNCclnccsl TRUE
0=C(0)clcc(S(=0)(=0)0)c2¢c(c1INO)C(=0)CCC2=0 FALSE
CN(C)Cc1c(Cl)c(Cl)cc2c1C(=0)clcc(O)cc(C(=0)0)c1C2=0 FALSE
O=CNCCOCCOCCOCCOCCOCNnIcnc2clc(=0)n(CCCO)c(=0)n2CCCO FALSE
CCOC(=0)NC1CcCC(o)cce TRUE
NCCCCC(0)C1(0)C(=0)NC(=0)NC1=0 FALSE
C=CCNC(=0)CCclcccncl TRUE
CSclcc(S(=0)(=0)0)cc2cececl2 TRUE
Cclcc(O)cc(C(=0)N(CCO)c2c(0)cc(0)cc20)c10 FALSE
O=CNCOC(=0)clcccccl TRUE
Cclcc(S(=0)(=0)0)c(0)c2nc(S(=0)(=0)0)sc12 TRUE
CN(C)CC(CI)NCC(=0)0 FALSE
NNclcc(S(=0)(=0)0)c2c(c1S(=0)(=0)0)C(=0)CcCcC2=0 FALSE
0O=C(OclcccccIN(CCO)CCO)clecceclO TRUE
Cnl1c(=0)n(CCO)c(=0)c2c1ncn2CCC(=0)0 TRUE
NCclnc2cncnc2nl1CCCO TRUE
N#Cclccc(O)c(N(O)C(=0)Nc2ccc(S(=0)(=0)0)cc2)cl FALSE
Ccincec2nc(N)c(C)nc2nl FALSE
CN(C)CCNC(=0)Nc1c(S(=0)(=0)0)cc(0)c2c10C02 FALSE
CC(=0)Nclcce(N)cc1CNC(=0)CCC(=0)NCOC(C)C(=0)OCC(=0)N(C)CCO FALSE
Cclcc(P(=0)(0)0O)cccIN(O)clcec(S(=0)(=0)0)ccl FALSE
COCcC1=CcCcCc1 TRUE
CN(C)C(=0)CcocC(=0)c(o)co TRUE

CC(CN)c1c(S(=0)(=0)0)c(0)cc2cccec12 FALSE



COclccc(NCP(=0)(0)0)ccaIN(C)clcccecd
O=C(NCCO)Nciccc(0)c2cl-clcceecclC2CO
CC(=0)N(C)C1CC=C(NC(=0)CNC(=0)CN)CC1
0=C(0O)clcc(O)nc(O)n1
N=Cclcc2cc(S(=0)(=0)0)ccc2c2cccecl2
CNC(=0)0Oclcccccl1OC(C=0)COo
NCC(0O)COC(=0)clccencl
CNC(=0)C(C)(C(=0)NCC(=0)0)c1ccc(o)cce
CNCCC(0)(COC)clccc(0)c(O)c1
CNCCNCCNCCNC(=0)Cn1c(=0)ccn(C)c1=0
0=C(0)c1c(C(=0)N(CCO)c2ccc(0)c(0)c2)cec(0)c10
Nclcee(S(=0)(=O)NC(N)N)ccl
CNCC(=0)OCNC(=0)c1cccol
Cclcnn(-c2ccec(S(=0)(=0)Nc3cec(S(=0)(=0)0)nc3)c2)cIN
CCNCC1CO1
Cclcc(0)c(0)c(Cc2cc(0)c(0)c(0)c2)cl
CNCC(0)COC(=0)cicnc2ccecc2nl
CNCC(=0)Nclccc2c(c1)C(=0)NC2=0
0=P(0)(0)CScco
CCNC(=0)OCC(=0)NCC(=0)OCCOC(=0)CN
0=5(=0)(0)NO
COCNC(=0)clccc2cecenc2cl
O=Cclcc(O)n(CCO)Nn1

0O=C(Nclccc(S(=0)(=0)NC(CO)NCCO)cc1)Nclceee(S(=0)(=0)0)c1

CNC(=0)NCC(=0)OC
CNC(=0)N(C)clccc(OC)ccl
OCC(0)(COc1ccc(0)c(0)c10)cicec(0)c(0)ca
CCNclcc(NCCO)n(CCO)n1
NCCC(N)NC(=0)CCC(=0)0
NC(=0)Sc1c(0)c(S(=0)(=0)0)cc2ncn(CO)c12
O=C(NCCCCO)C(0O)clcceecd
CNCC(N)(C(=0)O)c1cccc2eeencl?2
CCOCCN(CccOo)ccoccoccoccoccoccoccoccoccoccocco
Ccl1c(S(=0)(=0)0)cc2cec(S(=0)(=0)0)cc2clIN
NC(NCC(=0)0)c1cccc(S(=0)(=0)Nc2cec(S(N)(=0)=0)nc2)cl
CC(=0)OCN(Cco)c(=0)c1ccecec(o)ce
O=C(0)cociccecececiocco
CC(=0)CCclcen[nH]1
0=S(=0)(0)c1nc2cceec2sl
CC(C)NCC(O)COCNC(=0)clcccol
COclcc([N+](=0)[0-])ccc1S(=0)(=0)0
NNclcc(O)c(NC(=0)c2ccc(0)cc2)ccl1S(=0)(=0)0
N=C(N)NCc1lccc(O)c2c1-clccc(S(=0)(=0)0)cc1CC2

TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
TRUE
TRUE
TRUE
TRUE
FALSE
TRUE
FALSE
TRUE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
TRUE
FALSE
FALSE
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N=Cc1cc(O)c(S(=0)(=0)0)cc10CCOclccc(0OCCO)ccl
NCcloc(N)cc1S(=0)(=0)0
CN(C)C(=0)C(C)(0)c1cc(C(=0)0)ncn1
CC(=0)CCC(=0)NCc(co)co
NCC(=0)NCC(=0)OCCOC(=0)CN
NCCNclcce(S(=0)(=0)0)c(-c2ccc(S(=0)(=0)0)cc2)cl
Nclcce(-c2cce(Ne3cec(S(=0)(=0)0)cc3)cc2)ccl
Ccoccoc(c)(c)occo
CC(C)(O)CC(N)c1ccc(Nc2eec(S(=0)(=0)0)cc2)ccl
0O=P(0)(0)CCN(CCO)clcc(CO)ncnl
NCCCNCclcc2e(cc1S(=0)(=0)0)CCC=C25(=0)(=0)0
0=C(NC(CO)C(=0)0)C(=0)s(=0)(=0)0
NC(=0)Oclcccol
CN(C)C(=N)Nci1ccc2enn(-c3ccec(S(=0)(=0)0)c3)c2cl
COC(=0)COclccc(N(C)C(=0)CO)cca
COC(CN(C)C(=0)NS(=0)(=0)c1ccc(N(C)C(=0)N(C)c2ccc(0)cc2)ccl)C(=0)0
0O=C(0O)C(CO)NCc1c2c(cc(0)c15(=0)(=0)0)-clccccciC2

FALSE
FALSE
FALSE
TRUE
TRUE
TRUE
TRUE
TRUE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
TRUE
FALSE
FALSE
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Table S6. 100 randomly selected from the molecules generated with good SA score and bad RA score.

SMILES Tree Found
NC(0)C(0O)(c1cccecl)clec(O)cc(0)c10 FALSE
0=C(CO)Nclce(C(0)C(0)CO)cc(0)c10 FALSE

NN(CCclccc(S(=0)(=0)0)cc1)CC1C(=0)C(=0)C(=0)C1=0 FALSE
CC(NC=Nc1lccc(0CCOC(=0)CNC(=0)CN)cc10CCOC(=0)CN)C(=0)0 FALSE
CC(NC=Nc1ccc(Oc2cec(0c3cecec3S(=0)(=0)0)cc2)cc1)C(=0)0 FALSE
0=CNCCCCOCCOCCOCCOCCOCCOCNC(=0)clcc(0)cc(0)cINcleee(0)c(0)cl FALSE
0O=C(0O)CC(0)(CC(=0)0)Cclcc(C(=0)0O)c2c(c10)C(=0)0oC2 FALSE
0=CNCCOCCOCCOCCOCCOCCOCCOCNC(=0)clce(S(=0)(=0)0)ncclO FALSE
CNC(N)clccec(S(=0)(=0)0)c1S(=0)(=0)clccc(O)ccl FALSE
CNC(=0)OC(C(=0)N(C)C)c1cc2c(=0)c3cccecc3oc2ceclO FALSE
0=5(=0)(0)C=Nclcccc(S(=0)(=0)Nc2ccc(S(=0)(=0)0)nc2)c10 FALSE
Nclccc(C(O)NC(N)N)c(-c2cceec2)cl FALSE
O=C1C(F)C(=0O)N(CO)C(=0)N1CO FALSE
NC(=0)NCCOCCOCCOC(=0)CCC(=0)NCOCCO FALSE
CC(0)COc1ccc(0)c2cc(O)cecl2 FALSE
OCclcccecl-nlnceclO TRUE
Ncic(l)c(O)c(C(=0)Nc2cec(S(=0)(=0)0)cc2)c(0)c1S(=0)(=0)0 FALSE
Nclce(S(=0)(=0)0)c2¢(c1C(=0)0)CC(0)CC2=0 FALSE
0=C10Cc2c(0)c(0)cc(0C(0)0)c21 FALSE
OC=C(C(0)0)C(0)(c1ccecec1)C(O)cdcccecd FALSE
CC(=0)Nc1lccc(O)c(NC(=0)c2cc(0)c(S(=0)(=0)0)cc20)c1 TRUE
CN(C)C(=0)C(0)C(0)clec2c(cc10)0CO2 TRUE



CNCOc1cc(OC(N)=0)cc(OCc2ccc(S(=0)(=0)0)cc2)c10
0=C(CCO)OCCOCCOCcOCnicnc2nen(CO)c21
0=C(0)C(=0)CCCnlcnc2clc(=0)n(CO)c(=0)n2CNC(CO)CO
CCN(CC)C(N)NCclcce(O)c(C(=0)0)c1C(=0)0
CN(C)CC(0)c1cc(0)cc(0)c10C(=0)clcc(0)c(0)c(0)c1
CN(C)C(=0)C(0O)cl1cc(0)c2c(c1)0C02
NC(N)C1(0)OC(=0)c2ccecec21
OCCC(0)C(0)C(0O)c1ceencl
COc1c(S(=0)(=0)0)cc2¢(c10)CCC(0)=C2
CCOCCOCCOCCOC(=0)C(C)(0)c1incenlC
Ccl1c(N)c2c(c(0)c15(=0)(=0)0)-clccceccl1C(0)C2=0
Cclcc(CO)c(C(=0)0)c(P(=0)(0)0)c1C(=0)0
Cc1c(N(C(=0)N(CCO)c2ccc(0)c(0)c2)c2cecc(0)c(P(=0)(0)0)c2)cec(0)c10
CN(C)CC(0)clcc(O)c(0Oc2cec(0c3cec(0)c(0)c3)cc20)c(0)cl
CCC(=0)NCCNC(=0)CCC(=0)Nclcee(0)cc1C(=0)0CCOCCOCCOCCOC(=0)CNC(=0)CN
CNC(CO)COC(=0)C1Cc2ccccc2C10
COCI1CC(S(=0)(=0)0)c2cceec21
0=CNCCCCOCCOCCOCCOCCOCCOCNC(=0)clce(S(=0)(=0)0)c(0)ccl0
N=Cclccc(S(=0)(=0)0)c(NC(CC(=0)0)Cc2ccc(S(=0)(=0)0)cc2)cl
CCN(CC)CCOCCOC1=CC(=0)C(=0)c2cc(0)ccc21
COc1c2c(cc(0)c1P(=0)(0)0)Cc0oC2=0
Cclcc(N(C(=0)c2cc(0)cc(0)c20)C(C)C(=0)0)cc(S(=0)(=0)0)c1
0O=C(0)C(c1ccc(S(=0)(=0)0)cc1)(clccec(0)cl1)S(=0)(=0)0
CC(N)(N)clccc(N)c(S(=0)(=0)c2ccc(N)cc2)cl
0=5(=0)(0)c1nc(0O)nc(Nc2c(S(=0)(=0)0)ccc(S(=0)(=0)0)c20)n1
0=5(=0)(0)clcc(0)c(C(0)C(0)c2cceec2)cclO
CCN(CC)CCOC(=0)COc1cec(0CCOCCOCCOC(=0)CNC(=0)CN)c2¢1C(=0)Cclcccecl-2
COc1c(S(=0)(=0)0)c(0)cc2cincn2CN
CN(C)C(=0)C(=0)Sclcc(S(=0)(=0)0)cc(S(=0)(=0)0)c10
CNC(=0)NCclccc(0C)c2c1C(=0)Cclcccccl-2
0=S(=0)(0)clccc(CO)c(C(O)C(0)CO)c1
0O=C(O)CCCNC(=0)C(0)Cclccc(0)c2ceeec2
CNC(=0)OC(C(=0)N(C)C)clcee(C(=0)0)cc10
0=C1CC(C(=0)0)CC=C15(=0)(=0)0
NCCCn1c(O)nc2cc(S(=0)(=0)0)cc(S(=0)(=0)0)c21
O=c1c2c(nc(F)n2C(CO)CO)n(CCO)c(=0)n1CCO
COc1lccc(S(=0)(=0)0)c(0)cINC(=0)N(CCO)clccc(0)c(P(=0)(0)0)c1
CC(C)(0)C(=0)NCCCCCNC(=0)Cc1CcC(C(=0)0)c2cecec21
0=C1NC(=0)C(NCCCNC(=0)C(=0)NCCO)C(=0)N1
CNC(N)=NCc1ccc(S(=0)(=0)0)c2cceec12
0=CNCCCCOCCOCCOCCOCCOCCOCNC(=0)clec(0)cc(0)c1S(=0)(=0)Ncleec(O)ccl
0=C(NO)NC(C0)(C0O)COC(=0)0CCOCN1C(=0)CcCC1=0
Oclcc(0)c2c(c10)-clccccc1C(0)C20

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
TRUE
FALSE
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CS(=0)(=0)clcec(C(0)C(CO)c2cec(0)cc2)ccl1O
0O=C(0)C1c2ccccc2N(CO)CC10

0=5(=0)(0)c1nc(COCCOCCOCCOCCOCCOCCOCCOCCO)Nc(OCCOCCOCCOCCOCCO)n

CC(C)(0)C(=0)NCCCCCNC(=0)Cc(C)(0)cCCnlcnc2enc(N)nc21
0=C(0)c1c(0)cec(C(0)C(=0)NCC(0)C(=0)0)c1C(=0)0
Cclcc(S(=0)(=0)0)c(C(=0)0)c(C(=0)c2cecsc2)c10
CN(C)C(=0)Cc1c(C(=0)0)cc(0)c(O)c10
0=C(0)CC1CNCCcC10
0O=P(0)(0)CNc1cc(0)c(S(=0)(=0)0)cc10
COclcc(CS(=0)(=0)0)c2c(c10)C(=0)0C2
CN(C)C(=0)C(0)c1cc(0)c(C(=0)c2ccecc2)c(0)c10
0=5(=0)(0)clccc(S(=0)(=0)C(c2ccecec2)S(=0)(=0)0)ccl
0=C(O)CNC(=0)NCNC(=0)NCnlccncINCCO
0=C(0)0c1c(0)c(0)c(S(=0)(=0)0)c(0)c10
0=C1Cc2ccccc2-c2clcec(0)c2N(CCO)C(CO)C(=0)0
0=C10Cc2c1cc(CO)c(P(=0)(0)0)c25(=0)(=0)0
CCN(CC)C(=0)clcee(0)cc1C(=0)NCOCCOCCOCCOC(=0)CNC(=0)CN
0=5(=0)(0)clccc(C(0)C(0)CO)c(C(0O)c2cceec2)cl
0OC(0)(0)C(0)(O)clcccol
0=NC(=0)c1cc(0)c(S(=0)(=0)0)c2c1CNC2=0
0O=C(NCO)C(0O)clccc2e(ncn2CO)c10
Oclccc(COc2ccc(0)c(C(0)0)c2)cc1O
0O=C(0)COCCOCCOCCOCCOCCOCCOCCOCCOcinc(OCccO)nc(occo)na
0O=C(O)CN(CC(=0)0O)c1cc(N(CCO)CCO)cc2c1C(=0)CCC2=0
NN(C(=0)C(C0)C0)C1=CC(=0)CCC1
CSc1nc(NCS(=0)(=0)0)nc(S(=0)(=0)0)n1
NC(N)=NCc1lcc(O)cc(Oc2ccc(S(=0)(=0)0)cc2)cl
NC(N)C(O)(clcccc(OCC(=0)0)cl)clec(O)cc(0)c1C(=0)0
NC(N)Nc1c(0)c(S(=0)(=0)0)cc2c1CCC=C2
0=P(0)(0)CN(CCCCCCN(Cco)cco)ceecetnlcenc2ceec(O)cc21
CN(clcceeel)clcec(S(=0)(=0)0)ccIN=NC(N)=0
0=C(0O)Cclccc2c(c1S(=0)(=0)0)CC(0)02
0=C(0)CCNCC1CCC(NCCO)CC10
0=C(0O)CCCNC(=0)C(0)clcen[nH]1
0=5(=0)(0)c1c(C(0)0)cc(0)c2c1Cclccccc102

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
TRUE
FALSE
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Table S7. 100 randomly selected from the molecules generated with bad SA score and good RA score.

SMILES Tree Found
NCNCC1CC=C(N)CC1 FALSE
CCP(=0)(0)cacccececa FALSE

CNP(N)(=0)OCCOC(=0)CN FALSE
OCCNC(CO)niccncl FALSE



C=C(CO)c1nc(S(=0)(=0)0)nc(S(=0)(=0)0)n1
NNS(=0)(=0)C(0)c1cccol
NNclce(S(=0)(=0)0)cc2c10C(S(=0)(=0)0)C2
CN(C)CNCOP(=0)(0)Oc1cccc2occcl?
CC(O)nlcnc2ncncc21
CN(CN)clcnn(Cn2nccc2C#N)cl
NC1CCC(0)(C(0)NCCo)ccl
O=[PH](0)Oclccc(S(=0)(=0)0)cc10
CN(N)clnc2nc[nH]c2n1C
CC(O)CNCC(0)coc1=Ccce(c(=0)o)cce
0=5(=0)(0)CC(0)Br
NCCCNcl1c(P(=0)(0)0)cc2c(c10)CC(C(=0)0)C2
CSC1C=Cc2cc(S(=0)(=0)0)ccc2C1
0O=CNCCOCCOCCOCCOCCOCCOCCOCNC(=0)c1co1
NC1CCc2¢(S(=0)(=0)0)cc(NC=0)c(S(=0)(=0)0)c2C1=0
NC(N)Nclncc(S(=0)(=0)0)[nH]1
O=P(0O)(Nc1ccc(S(=0)(=0)0)ncl)clccencl
0=C(COC(=0)CNC(=0)COC(=0)NCOCN1cc(CO)nc1S(=0)(=0)0)NCCCS(=0)(=0)[0-]

0=CNCCCCOCCOCCOCCOCCOCCOCNC(=0)COCCOC(=0)clec(0)c2¢(c10)CC(C(=0)0)C2

CCC(C)NCC(0)COCNC(=0)c1cccec1o
COCcC10c1c1col
O=c1c2c(ncn2COCC(0)CO)n(COCCO)c(=0)n1CO
NC(CO)(CO)clnc(O)nc(O)n1
COC(N)c1cccol
COC(C)(CNC(=0)C(C)(C)O)NC(=0)clcnc[nH]1
CNC(N)(N)C(C)C
CC(=NO)C1CCCC(N)C1
CNC(=0)CC(C)(O)c1lnc(O)nc(N(C)C)n1
CN(C)CNclcee(N2CC2S(=0)(=0)0)ccl
OCCOCNC(NCO)nlcencl
NCNcloc(S(=0)(=0)0)cc15(=0)(=0)0
NCNC(N)NC1CCC(N)CC1
O=CNCCNC(=0)NCOCCOCNC1CCCCCINCCO
CNC(CC(=0)0)c1ccc(o)ca
CCC(=0)NCCNC(=0)CCC(=0)N(C)CC(=0)0OCCOCICCC(COCCOC(=0)CNC(=0)CN)C1
CN(C)C(=0)C(0O)clcc(0)c(O)c(C(=0)CcO)c10
C=CC(C)(0)C1=CC=C(0)CC1
CN(C)C1CC=C(NC=0)CcC1
0=P(0)(0)CNCC1CCCC(0)Cl
CNC(=0)C(0O)c1c[nH]cccl1=0
CC(clcen[nH]1)C(C)(C)N
CNC(N)NC(=0O)Nc1lnccc(S(=0)(=0)0)n1
Nclccc(P(=0)(0)0O)o1

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
FALSE
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CNC(=0)C(0)Cnlcnccl0C TRUE
CCC(C)(O)CC(N)C(N)=0 FALSE
NC(=0)C(N)(NCCCC(=0)0)clccnn1C(=0)[0-] FALSE
NC(N)OC1=c2ccccc2=C(S(=0)(=0)0)CC1 FALSE
CCOP(=0)(0CC)OCOCN(C)CCOCCOCCOCCOCCOcLenn(CO)cl FALSE
O=[SH]CC(CO)(CC(=0)0)c1c(0)cc(C(=0)0)c2cceecl2 FALSE
OCNcl1ncc2nen(C(Cl)(CO)CO)c2n1 FALSE
0=5(=0)(0)C1=NC(S5(=0)(=0)[O-])CN1CCO FALSE
CN(CC(=0)0)C(N)Nclcee(0)c(NC(=0)CNC(=0)CN)c1N=Nclcee(O)ccl FALSE
O=C(NCO)Nc1cc(N2CC25(=0)(=0)0)cc(S(=0)(=0)0)c1 FALSE
0=[N+]([0-])C(0)CO TRUE
CCNC1(N)CCC(S(=0)(=0)0O)c2cccec21 FALSE
NC(O)NCCO FALSE
0O=C(NO)NC1=CCC(S(=0)(=0)0)C1 FALSE
OCCNC(CO)NC1=CCC(CO)CCl FALSE
N#CCNCN FALSE
COC(=0)CN(C)C(=0)CNC(=0)N(C)CC(=0)OCCN(C)C(=0)CNC(=0)N(C)CC(=0)OCCNC(=0)C
NC(=0)COC(=0)cl1cc(0)cc2oc(=0)cccl2 FALSE
0=C(0)CC(0)(C(=0)0)C1C=CC(=0)c2cccec2 FALSE
COC(=0)C(0)Ccinc(O)nc(0O)n1 FALSE
CNCCC(0)C1CCC(C(=0)0C)Cl TRUE
OCC(0)OCOC(0)(c1cceeccl)cleec(O)ccl FALSE
CCC(0)C(N)C(C)(C)O TRUE
NCCNC(N)NCclccc(S(=0)(=0)0)c2c1C(=0)0C2 FALSE
CC(C)NCC(0)COclcec(NC(=0)NCNC(=0)CN)c2nc(S(=0)(=0)0)sc12 FALSE
CP(=0)(0)clcc2c(cc10)C=C(S(=0)(=0)0)cC2 FALSE
O=[SH]Cc1nc2c(ncn2CO)n1CCO FALSE
Cclnc(O)nc(C(C)C(=0O)N(C)C)n1 FALSE
CC(O)(CNC(=0)CNC(=0)CN)C(0)(c1cc(0)cc(O)cl)cicc(O)cc(O)c10 FALSE
O=C(NCO)N(CO)clncc[nH]1 FALSE
0O=C(0O)C(0)(C(=0)NCO)clcc2scnc2eclO FALSE
COC(=0)C(NC(=0)C1=CCcc(0o)c1)c(=0)0 FALSE
NC(=0)NC(N)(CO)NC(=0)C1CCC(0)CCl FALSE
NCC(0O)Cclc[nH]cccl=0 FALSE
0=C1CC(=0)N(0)CN1 FALSE
0=C(Br)N(0)C(CO)CO FALSE
0CC(0)sc1ccc(o)ccl FALSE
CNC(N)NN FALSE
CNC(N)n1ncccliN FALSE
CNCC(O)clnc2cnenc2[nH]1 TRUE
CC(=N)C1CCCC(N)C1 FALSE
Cclnc2ncn(CCO)c2n1CC(C)(O)CN FALSE

NCn1nc(S(=0)(=0)0)cc1S(=0)(=0)0 FALSE



OCCN(O)c1nc(O)nc(O)n1
0=C(0O)CC1(C(=0)NCCcOo)ccecic(=0)o
0=P(0)(0)c1c(NCO)cc2nen(CO)c2c10

CO[PH](0)(0)OCCN(C)C(C)=0
N#CCc1nc(O)nc(O)nl
CC(NC(=0)C([0-])C(=0)0)C(=0)0
CN(C)CC(0O)ci1c[nH]c(S(=0)(=0)0)cc1=0
NC(N)Nclnc2[nH]cnc2[nH]1
CN(C)CNC1C=Cc2cc(S(=0)(=0)0)ccc2Cl
Cn1c(=0)n(CO)c(=0)c2c(S(=0)(=0)0)ccc(NC(N)NCN)c21
NC(C(=0)[0-])C(=0)O

S15

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE

Table S8. 100 randomly selected from the molecules generated with bad SA score and bad RA score.

SMILES Tree Found
COC(=0)CN(C(=0)CO)C(=0)COC(=0)clccc(0C(=0)OCC(=0)N(C)C)c(OC(=0)C(0)CO)c1 FALSE
0=5(=0)(0)C1=c2ccccc2=CCC1(CO)NCCO FALSE
CN(C)CC(0)C1=CCC(NC(=0)CcOo)C1 FALSE
N=C(N)NC1CC(C(=0)0)C(C(=0)0)C1 TRUE
CS(=0)(=0)C1=CCC(N)C(C(=0)0)C1 FALSE
C=C(0)0c1nc(O)nc(O)n1 FALSE
0O=P(0)(0)clcc(P(=0)(0)0)c2c(c10)0C02 FALSE
0=C1C(0)OC(0)(0)C10 FALSE
0O=CNC1(co)ccccecio FALSE
0OCCCC(0)c1nce(0)n1CO FALSE
CC(O)C(N)C(0O)c1cc(0O)cc2c1C(0O)Ceclccccecl-2 FALSE
0=C(N(CO)CCO)N(CCO)C1CCC(0)CL FALSE
CN(CC(0O)COC(=0)CN)CC(0)COC(=0)CN(C)C(=0)COC(=0)CN FALSE
0OCCOCCOCC(0)(CO)COCCOCCOC1=C(0)CCCl FALSE
CC(=0)NC1=CCc(0)ccic(=0)o FALSE

0=5(=0)(0)CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOclnc(0CCO)ne(N(C

cojcco)nl FALSE
CNCN1C(=0)C(N)N=C1N FALSE
NC(N)C(0O)C(0)c(0)c(0o)Cc(=0)0 FALSE
OC(O)NC(O)nlcencl FALSE
Nclcce(S(=0)(=0)0)c2c1CC(0)C2C(=0)0 FALSE
0=CNCCOCCOCCOCCOCNC(=0)COCCOCNC(=0)COCOc1c(0)cc(O)c2nescl2 FALSE
COCN1N=C(C)C(CN(C)C(C)=0)C10 FALSE
CCCC(N)C(N)c(0)cC FALSE
O=CNCCCCOCCOCCOCCOCCOCCOCNC(=0)coccoc(=0)c1=c(o)c(o)c(o)c(o)c10 FALSE
0CCOCCOCCOCCOCCOC(0)COCCOC(0)COclee(O)csl FALSE
O=C1NC(=0O)N(CO)C(=0)C1[0-] FALSE
NNC1=CC(OP(=0)(0)0)=C(OP(=0)(0)0)C2C=CC=CC12 FALSE



0O=P(0)(0)OCCOCCOCCOCOCOCOocOccoccoccoccoccoccoc1=c(o)cecaa
CC1c2cc(S(=0)(=0)0O)ccc2N(C)CCIN
0=C(NCCO)N1C(=0)N(CO)C(CO)=C2C1IN=CN2CO
0O=C(NCC(O)C(0)C(0)C(0)CO)c1cc(0)c(-c2cceec2)c(CO)c10
CC1=NC(N)=C(C(=0)NC(C)(C)C(=0)0)C(C(=0)0)C10
0=5(=0)(0)clccc(C([0-])O)c(Nc2nc(NCCO)nc(OCCO)Nn2)c10
CNCN1C(=0)CC(S(=0)(=0)0)C1=0
O=P(0)(0)clcc(0)c(N2C(0)=NC(0)C20)c2scncl2
0=5(=0)(0)c1cc(0)c2c(c1C(0)(0)C(0)CO)-clccececiCC2
CNC1CC(C(=0)0)C(C(=0)0)cc1c(=0)o
NC(=0)c1cc(0)c(S(=0)(=0)0)c2¢1C(=0)C(0)CC2=0
CN(C)C(=0)C(0)c1cc(0)c(0)c(C(=0)0)c1C(N)(C(=0)0)clcceecd
NC(CC1CNCC(N)C1N)C(=0)0
O=P(0)(0)CCOCCOCCOCCcOoccoccoccoccoccoccoccoccoccoccoccoccoccoc
=CC=C(0)CcC1
COC(=0)C(NC(=0)C(0)CC(=0)0)c1nc(O)nc(0)n1
0O=CNc1nc(Nc2nc(NCCO)nc(S(=0)(=0)0)n2)nc(S(=0)(=0)0)n1
CC(C(=0)n1c(=0)cc[nH]c1=0)C(C)(C(=0)N(C)C)C(=0)N(C)C
CCN(CC)C(C)CNC(=0)clcc(0)cc(N2CC20)c1C(=0)0
CC1=CC(=0)C(0)C(C)(C(=0)NCC(=0)0)C1
0=C(0)C1=C(C(=0)0)C(CO)C(0)(C(=0)0)C(CO)=C1
CNCC(COclccc(N2CC25(=0)(=0)0)cc1)NC(=0)COo
0=CNCCOCCOCCOCCOCCOCCOCCOCNC(=0)COCOCc1nc(OCCO)nc(Oc2nc(0)nc(0)n2)nl
0=C(NC(C0)C0)C1=C(S(=0)(=0)0O)NC(0)=CC1
0O=CCCN(CCO)C(COo)(co)coccoccoccococcoccoccoccoccoccoccoccoccocco
CCOCNCCOo

CNC(N)=Nc1cc(S(=0)(=0)0)c(N)c2c1CCC(N)C2
CNC(N)NC(N)C1=CC(=0)Cc2ccccc21
COC(0)CC1=CNC(OCCO)=C(OCCO)C1
CC(N)(CNC(N)=0)clcc(0)cc2c10CC(S(=0)(=0)0)=C2
0=5(=0)(0)C=Nc1cnc(S(=0)(=0)0)cc1S(=0)(=0)0
0=5(=0)([0-])c1c(CCCO)cc(0)c2ncn(C(0)CO)c12
0=C1C(=0)C2(0)C=C(0)C=CC2N1CCCO
CNC(C)C1C(O)CC(N)CNIC
COC(0)c1cc(Oc2cec(0c3cec(0)c(C(=0)NCNC(=0)CN)c3)cc2)ccc10cleec(O)c(C(=0)NCC(
=0)0)c1
0=C(0)C(=0)c1cc(0)c(N2CC25(=0)(=0)0)c(0)c1
CC(C)(O)NC(N)C(O)c1cc(O)cc(O)ca
0=S(=0)(0)ccsc(co)c(o)co
0=C(NC(C(0)CO)C(0)C(0)C(0)CO)clcceecl
0=C(0O)C(CO)n1nc(0)c(0)c1S(=0)(=0)0
OCclcc(0)c2c(c10)Ccc(o)c(o)c2
CCCNC(=0)C(C)(0)c1nc(O)nc(O)n1

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
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0=C1C(F)C(=0)N(COCCO)C(=0)N1CO
CC(C)(CNCC(=0)0O)NCC(0)COC(=0)Cn1ncc2c(=0)[nH]cnc21
CCCCCCOCc1cec(0CCOCCOCCOCCOrcOc2ec3c(cec2S(=0)(=0)0)-
c2ccccc2C(0)C3)cclS(=0)(=0)0
[NH3+]C(C(=0)NC(CO)C(=0)0)c1c(0)cnc(0)c10
COCN1CC(=0)N=C1C(C)O
0C(0)c(0)c1=Cccecl
CN(C)CCclcc(0)c(0)c2c1c(Ccc=0)Ccc(0o)c2

0=C(0)CC(clccc(S(=0)(=0)0)ccl)C(clcecececl)C(Celeec(S(=0)(=0)0)ccl)clccececclP(=0)(

0)o
0=C(NCCO)N1C(=0)N(CO)C(NCCO)=C2C1N=CN2CCO
CCN(C)CC1CC(=0)N(C)CIN
0=C(0)Oclcc2¢(cc10)C(=0)C1C=CC=CC1C2=0
OCn1nc(0)c(0)c10
CNclcee2c(c15(=0)(=0)0)C(C)C(0)C2N

0=P(0)(0)clccc(S(=0)(=0)0)ccINC(Cclcec(S(=0)(=0)0)cc1)C(CO)clcec(O)ccl

O=CNCCOCCOCCOCCOCCOCCOCCOCNCIc2ccccc2CC(0O)Cc10
N=C(N)Sc1cc(S(=0)(=0)0)cc2c1C(S(=0)(=0)0)CC(S(=0)(=0)0)C2
0COc1cc2¢(c(0C0)c10CO)OC(0)C2
0=C(0O)CC(NC(=0)C(0)(CC(=0)0)Cclccn[nH]1)C(=0)0O
0=C1Cc2c(c(S(=0)(=0)0)cc(0)c2P(=0)(0)0)C=C10
0=C1C2C=CC=CC2C(=0)N1CCCO
OCCN(Cclccce(0)c(0)c1)C(0)C(0)c1c(0)cc(O)cc10
O=CNCCOCCOCCOCCOCNC(=0)COCCOCNC(=0)COCOc1cc(0)c(O)c2scncl2
0=COclcc(0C=0)c(0C(0)C(0)(0)0)c(0)c10
NC1=C2C=CC(S(=0)(=0)0)=CC2CC(S(=0)(=0)0)=C10
COC(N)C(N)C(0)c1cc(O)cc(S(=0)(=0)Nc2ccc(O)ec2)cl
COC(0)0OCnicnc2enc(0)nc21
0=C(NC(0)C(=0)0)SC1CCC(S(=0)(=0)0)CcC1
0=C1c2c(ccc(P(=0)(0)0)c2C0O)CCC1S(=0)(=0)0
0=C1C(0)C(0)(C(=0)0)0C1S(=0)(=0)0
CC1NCC(CC(N)=0)C10
CC(=0)n1nc(S(=0)(=0)0)c2c1C(=0)N(C)CN20
O=clcc[nH]c(=0)n1C(0O)CO
CC(N)CC1CC(C(=0)0)C(C(=0)0)C1

FALSE
FALSE

FALSE
FALSE
FALSE
FALSE
FALSE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
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