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1 Atom alphabet

We list the atom alphabet for the different design tasks as a Python dictionary. We also provide the
valence of an atom, as well as its formal_charge and chiral_tag – for atom specification in RDKit
– if needed.

1.1 Drug design tasks

{

"C": {"atomic_number": 6, "valence": 4},

"C-": {"atomic_number": 6, "valence": 3, "formal_charge": -1},

"C+": {"atomic_number": 6, "valence": 5, "formal_charge": 1},

"C@": {"atomic_number": 6, "valence": 4, "chiral_tag": CHI_TETRAHEDRAL_CW},

"C@@": {"atomic_number": 6, "valence": 4, "chiral_tag": CHI_TETRAHEDRAL_CCW},

"N": {"atomic_number": 7, "valence": 3},

"N-": {"atomic_number": 7, "valence": 2, "formal_charge": -1},

"N+": {"atomic_number": 7, "valence": 4, "formal_charge": 1},

"O": {"atomic_number": 8, "valence": 2},

"O-": {"atomic_number": 8, "valence": 1, "formal_charge": -1},

"O+": {"atomic_number": 8, "valence": 3, "formal_charge": 1},

"F": {"atomic_number": 9, "valence": 1},

"P": {"atomic_number": 15, "valence": 7},

"P-": {"atomic_number": 15, "valence": 6, "formal_charge": -1},

"P+": {"atomic_number": 15, "valence": 8, "formal_charge": 1},

"S": {"atomic_number": 16, "valence": 6},

"S-": {"atomic_number": 16, "valence": 5, "formal_charge": -1},
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"S+": {"atomic_number": 16, "valence": 7, "formal_charge": 1},

"S@": {"atomic_number": 16, "valence": 6, "chiral_tag": CHI_TETRAHEDRAL_CW},

"S@@": {"atomic_number": 16, "valence": 6, "chiral_tag": CHI_TETRAHEDRAL_CCW},

"Cl": {"atomic_number": 17, "valence": 1},

"Br": {"atomic_number": 35, "valence": 1},

"I": {"atomic_number": 53, "valence": 1}

}

1.2 Solvent design tasks

{

"C": {"atomic_number": 6, "valence": 4},

"N": {"atomic_number": 7, "valence": 3},

"O": {"atomic_number": 8, "valence": 2}

}

2 Drug design results

Here, we present the complete results for the 20 goal-directed tasks of the GuacaMol benchmark. To
put our results into even further perspective, we included additional baseline methods not mentioned
in the main paper.

Supplementary Table 1: GuacaMol goal-directed benchmarks

Benchmark SMILES
GA‡ [1]

SMILES
LSTM‡ [2]

Graph GA‡
[3]

Reinvent¶
[4]

GEGL¶ [5] CReM [6] MolRL-
MGPT [7]

GraphXForm
(ours)

Celecoxib rediscovery 0.732 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Troglitazone rediscovery 0.515 1.000 1.000 1.000 0.552 1.000 1.000 1.000

Thiothixene rediscovery 0.598 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Aripiprazole similarity 0.834 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Albuterol similarity 0.907 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Mestranol similarity 0.790 1.000 1.000 1.000 1.000 1.000 1.000 1.000

C11H24 * 0.829 0.993 0.971 0.999 1.000 0.966 1.000 1.000

C9H10N2O2PF2Cl † 0.889 0.879 0.982 0.877 1.000 0.940 0.939 1.000

Median molecules 1 0.334 0.438 0.406 0.434 0.455 0.371 0.449 0.459

Median molecules 2 0.380 0.422 0.432 0.395 0.437 0.434 0.422 0.403

Osimertinib MPO 0.886 0.907 0.953 0.889 1.000 0.995 0.977 0.972

Fexofenadine MPO 0.931 0.959 0.998 1.000 1.000 1.000 1.000 0.999

Ranolazine MPO 0.881 0.855 0.920 0.895 0.933 0.969 0.939 0.944

Perindopril MPO 0.661 0.808 0.792 0.764 0.833 0.815 0.810 0.835

Amlodipine MPO 0.722 0.894 0.894 0.888 0.905 0.902 0.906 0.923

Sitagliptin MPO 0.689 0.545 0.891 0.539 0.749 0.763 0.823 0.965

Zaleplon MPO 0.413 0.669 0.754 0.590 0.763 0.770 0.790 0.727

Valsartan SMARTS 0.552 0.978 0.990 0.095 1.000 0.994 0.997 1.000

Deco hop 0.970 0.996 1.000 0.994 1.000 1.000 1.000 1.000

Scaffold hop 0.885 0.998 1.000 0.990 1.000 1.000 1.000 1.000

Total score 14.398 17.341 17.983 16.349 17.627 17.919 18.052 18.227

* Top-159, no stereochemistry. † Top-250, no stereochemistry. ‡ Results as reported in [8]. ¶ Results as reported in [7].
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3 Solvent design results

3.1 GraphXForm

             CNN(N(C)C)N(C)CN(C)C         
             Obj: 8.87         

             CNN(C)CN(C)N(C)N(C)C         
             Obj: 8.83         

             CCN(C)CN(C)N(C)N(C)NC         
             Obj: 8.76         

             CCCNCN(N(C)C)N(C)C         
             Obj: 8.69         

             CCN(C)N(C)CN(C)N(C)NC         
             Obj: 8.66         

             CN(C)CNN(N(C)C)N(C)C         
             Obj: 8.63         

             CCN(C)N(C)N(C)CN(C)NC         
             Obj: 8.63         

             CCN(C)CN(C)N(NC)N(C)C         
             Obj: 8.58         

             CNCN(C)CN(C)N(C)N(C)C         
             Obj: 8.57         

             CNN(C)N(C)CN(C)N(C)C         
             Obj: 8.57         

             CCN(CN(C)N(C)N(C)C)NC         
             Obj: 8.56         

             CN(C)NN(C)CN(C)N(C)C         
             Obj: 8.56         

             CCNCCN(C)N(C)N(C)C         
             Obj: 8.56         

             CN(C)NCN(C)N(C)N(C)C         
             Obj: 8.55         

             CN(C)CN(C)NN(C)N(C)C         
             Obj: 8.55         

             CNN(C)N(C)N(C)CCN(C)C         
             Obj: 8.53         

             CCCNCN(C)N(C)N(C)C         
             Obj: 8.52         

             CNN(C)N(C)N(C)CN(C)C         
             Obj: 8.52         

             CN(C)CN(C)N(C)NN(C)C         
             Obj: 8.52         

             CCN(CN(C)NC)N(C)N(C)C         
             Obj: 8.51         

Supplementary Figure 1: Top 20 molecules: GraphXForm, IBA task
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             CC(C)N(C(C)C)C(O)CC(C)(CC(C)(C)C)CC(C)(C)C         
             Obj: 8.65         

             CC(O)CC(CC(C)(C)C)(CC(C)(C)C)N(C(C)C)C(C)C         
             Obj: 8.54         

             CC(C)N(C(C)O)C(CC(C)(C)C)CC(C)(C)CC(C)(C)C         
             Obj: 8.49         

             CC(C)CC(CC(C)(C)C)(CC(C)(C)C)N(C(C)C)C(C)O         
             Obj: 8.46         

             CC(C)N(C(C)C)C(CC(O)CC(C)(C)C)CC(C)(C)C         
             Obj: 8.44         

             CC(C)N(C(C)C)C(C)(CC(O)CC(C)(C)C)CC(C)(C)C         
             Obj: 8.43         

             CC(C)N(C(C)C)C(CC(O)CCC(C)(C)C)CC(C)(C)C         
             Obj: 8.42         

             CC(C)N(C(C)CC(C)(C)C)C(O)CC(C)(C)CC(C)(C)C         
             Obj: 8.41         

             CC(C)N(C(C)C)C(O)CC(CCC(C)(C)C)CC(C)(C)C         
             Obj: 8.41         

             CC(O)CC(C)(C)CC(C)(CC(C)(C)C)N(C(C)C)C(C)C         
             Obj: 8.40         

             CC(C)N(C(C)C)C(O)CC(CC(C)(C)C)CC(C)(C)C         
             Obj: 8.39         

             CC(O)CC(C)(C)CC(CC(C)(C)C)N(C(C)C)C(C)C         
             Obj: 8.39         

             CC(C)N(C(C)C)C(C)CC(C)(CC(C)(C)C)CC(C)(C)O         
             Obj: 8.37         

             CC(C)CC(CC(C)(C)C)N(C(C)C)C(O)CC(C)(C)C         
             Obj: 8.35         

             CC(C)CC(O)N(C(C)C)C(CC(C)(C)C)CC(C)(C)C         
             Obj: 8.35         

             CC(NC(C)(C)N(C(C)C)C(C)CC(C)(C)C)OC(C)(C)C         
             Obj: 8.35         

             CC(C)N(C(C)C)C(C)CC(C)(C)CC(C)(C)CC(C)(C)O         
             Obj: 8.34         

             CC(C)CC(C)(C)CC(CC(C)(C)C)N(C(C)C)C(C)O         
             Obj: 8.33         

             CC(O)CC(C)(CC(C)(C)C)N(C(C)C)C(C)CC(C)(C)C         
             Obj: 8.33         

             CC(C)CC(C)(C)CC(C)(CC(C)(C)C)N(C(C)C)C(C)O         
             Obj: 8.32         

Supplementary Figure 2: Top 20 molecules: GraphXForm, TMB/DMBA task
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3.2 List screen

             CC(C)N(CCO)C(C)C         
             Obj: 5.57         

             CCN(CC)CCCO         
             Obj: 5.25         

             CCN(CC)CCCC(C)N         
             Obj: 4.34         

             CN1C2CCC1CC(O)C2         
             Obj: 3.72         

             CCC(C)(C)NC         
             Obj: 3.43         

             CC1CCNCC1         
             Obj: 3.38         

             C1CCC2NCCCC2C1         
             Obj: 3.28         

             CNCC(C)C         
             Obj: 3.27         

             CC1(C)CCCNC1         
             Obj: 3.26         

             CNC1CCCCC1         
             Obj: 3.26         

             CCC(C)NC         
             Obj: 3.26         

             CNC(C)C(C)C         
             Obj: 3.24         

             CC1CCCCN1         
             Obj: 3.14         

             CC1CNCC(C)C1         
             Obj: 3.11         

             CNCC(C)(C)C         
             Obj: 3.10         

             CCCC1CCCCN1         
             Obj: 3.09         

             CNCCC(C)C         
             Obj: 3.06         

             CC(C)C(C)N(C)C         
             Obj: 2.99         

             C1CC2CCC1CNC2         
             Obj: 2.94         

             CCNC(C)(C)C         
             Obj: 2.94         

Supplementary Figure 3: Top 20 molecules: List screen, IBA task
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             CCCCCCCCCCCCCCCCCO         
             Obj: 3.03         

             CCCCCCCCCCCCCCCCCCO         
             Obj: 2.72         

             CCCCCCCCCCCCCCCCCCCCO         
             Obj: 2.62         

             CCCCCCCCCCCCCCCCCCCO         
             Obj: 2.56         

             CC(C)N=C(N(C(C)C)C(C)C)N(C(C)C)C(C)C         
             Obj: 2.46         

             CCCCCCCCCCCCCCCCCCCCCCO         
             Obj: 2.40         

             CCCCCCCCCCCCCCCCCCN         
             Obj: 2.18         

             CCCCCCCCCCCCCCCCO         
             Obj: 2.03         

             CCCCCCCCCCCCCCO         
             Obj: 1.99         

             CCCCCCCCCCCCCCCO         
             Obj: 1.98         

             Cc1c(C)c2c(c(C)c1O)CCC(C)(CCCC(C)CCCC(C)CCCC(C)C)O2         
             Obj: 1.98         

             CCCCCCCCCCCCCCCCN         
             Obj: 1.85         

             C=CC(C)(O)CCCC(C)CCCC(C)CCCC(C)C         
             Obj: 1.78         

             CCCCCCCCCCCCCO         
             Obj: 1.75         

             CCCCCCCCC=CCCCCCCCCO         
             Obj: 1.71         

             CCCCC(CC)CCC(C)(CC(CC)CCCC)C(N)=O         
             Obj: 1.62         

             CCCCCCCCNCCCCCCCC         
             Obj: 1.61         

             CC(=CCO)CCCC(C)CCCC(C)CCCC(C)C         
             Obj: 1.60         

             CCCCCCCCC=CCCCCCCCCCCCC(=O)O         
             Obj: 1.60         

             CCCCCCCCCCCCCCCCCCCCCC(=O)O         
             Obj: 1.51         

Supplementary Figure 4: Top 20 molecules: List screen, TMB/DMBA task
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3.3 JT-VAE

             CNC(C)(C)N(C)C(C)C         
             Obj: 6.85         

             CC(C)NC(C)(C)N(C)C         
             Obj: 6.72         

             CNC1(N(C)C(C)C)CCC1         
             Obj: 6.70         

             CNC1(N(C)C(C)(C)C)COC1         
             Obj: 6.33         

             CCCN(C)C(C)(C)NC         
             Obj: 6.30         

             CNC(C)(C)N(C)C1CC1         
             Obj: 6.16         

             CCC(C)(C)N(C)CNC         
             Obj: 6.16         

             CCN(CC)CCCCO         
             Obj: 6.15         

             CCNC(C)(C)N(C)C(C)C         
             Obj: 6.14         

             CN(C)CNCC(C)(C)C         
             Obj: 6.00         

             CCC1(CC)CCN1CNC         
             Obj: 5.99         

             CNCN(C)CC(C)(C)C         
             Obj: 5.96         

             CCCCN(CC)CCO         
             Obj: 5.92         

             CCCN(CC)CCCO         
             Obj: 5.91         

             CCCN(CCC)CCO         
             Obj: 5.69         

             CCN(C)C(C)(C)CNC         
             Obj: 5.67         

             CC(C)N(CCO)C(C)C         
             Obj: 5.57         

             CNCC(C)(C)N(C)C(C)C         
             Obj: 5.57         

             CCNC(C)(C)N(C)CC         
             Obj: 5.52         

             CNC1(N(C)C(C)(C)C)CC1         
             Obj: 5.52         

Supplementary Figure 5: Top 20 molecules: JT-VAE, IBA task
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             CC(C)C1C(C)(C)C2(CCN2)C1(C)C         
             Obj: 2.16         

             CC(C)C1(C(C)C)C2(CC2)CC12CNC2         
             Obj: 1.70         

             CC(C)C1(C(C)C)CC2(CNC2)C12CC2         
             Obj: 1.68         

             CC(C)C1(C)C(C)(C)C2(CCN2)C1(C)C         
             Obj: 1.66         

             CC(C)C1(C2(C3(C)CCC3)CC2)CNC1         
             Obj: 1.60         

             CC(C)C1C(C)(C)C2(CNC2)C1(C)C         
             Obj: 1.51         

             CCCC1C(C)(C)C2(CCN2)C1(C)C         
             Obj: 1.48         

             CC(C)C1(C2(C(C)(C)C)CCC2)CNC1         
             Obj: 1.39         

             CCOC1(C2(C(C)(C)C)CNC2)CCC1         
             Obj: 1.38         

             CCC1C(C)(C)C2(CCN2)C1(C)C         
             Obj: 1.37         

             CCC1C2(CCC2)C2(CCN2)C12CCC2         
             Obj: 1.35         

             CC(C)C1(C)CC(C)(C2CNC2)C1         
             Obj: 1.35         

             CCCC1C2(CCC2)C2(CCN2)C12CCC2         
             Obj: 1.34         

             CC(C)(C)C1C(C)(C)C2(CCN2)C1(C)C         
             Obj: 1.34         

             CCC(C)(C)C1(C(C)C)CNC1         
             Obj: 1.32         

             CNC(C1(C)CCC1)C1(C)CCC1         
             Obj: 1.28         

             CC(C)C1(C(C)C)CCC12CNC2         
             Obj: 1.25         

             CCC1(C2(C3(C)CNC3)CC2)CC1         
             Obj: 1.24         

             CCC1(C2(C3(C)CC3)CNC2)CC1         
             Obj: 1.23         

             CCC1C2(CC2)C(C)(C2CNC2)C12CC2         
             Obj: 1.23         

Supplementary Figure 6: Top 20 molecules: JT-VAE, TMB/DMBA task
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3.4 STONED

             CN(CCC)N(C)N(NC)C         
             Obj: 8.31         

             CN(CCCN(C)N(NC)C)C         
             Obj: 7.74         

             CN(CCC)N(CN(NC)C)C         
             Obj: 7.65         

             CN(C)CCN(C)N(NC)C         
             Obj: 7.33         

             CN(CC)CN(C)N(NC)C         
             Obj: 7.19         

             CN(CCC)N(C)C(NC)C         
             Obj: 6.87         

             CN(CCC)C(C)N(NC)C         
             Obj: 6.67         

             CN(CCC)N(C)C(NC1)C1         
             Obj: 6.64         

             CN(CCC)C1(C)N(NC)C1         
             Obj: 6.55         

             CN(CCC)N(C)CNCC         
             Obj: 6.53         

             CCCCN(C)N(NC)C         
             Obj: 6.52         

             CC(CCC)N(C)C(NC)C         
             Obj: 6.46         

             CC(C)CCN(C)C(NC)C         
             Obj: 6.43         

             CCN(CCC)N(C)N(NC)C         
             Obj: 6.33         

             CN(CCCN(C)C(NC)C)C         
             Obj: 6.24         

             CN(CCC)CCN(NC)C         
             Obj: 6.23         

             CC(CCC)N(C)CNCC         
             Obj: 6.16         

             CC(CC)CN(C)C(NC)C         
             Obj: 6.16         

             CCCCCN(C)C(NC)C         
             Obj: 6.16         

             CN(OCC)N(C)C(NC)C         
             Obj: 6.14         

Supplementary Figure 7: Top 20 molecules: STONED, IBA task
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             CCC(CCNOC)C(C)(C)CCCC         
             Obj: 2.39         

             CCC(CCNOC)C(C)(CCCC)C         
             Obj: 2.39         

             CCC(CCNOCC(C)(C)C)CCC         
             Obj: 2.15         

             CCC(C)CNOCC(C)(C)CCCC         
             Obj: 2.04         

             CCC(C)CNOCC(C)(CCCC)C         
             Obj: 2.04         

             CCC(CCNOCC(C)(C)CC)CC         
             Obj: 1.99         

             CCC(CC)NOCC(C)(C)CCCC         
             Obj: 1.88         

             CCC(CC)NOCC(C)(CCCC)C         
             Obj: 1.88         

             CCC(CCNOC)C(C(C)CCC)C         
             Obj: 1.87         

             CCC(CCNOC)C(C)C(C)CCC         
             Obj: 1.87         

             CCCC(C)NOCC(C)(C)CCCC         
             Obj: 1.84         

             CCCC(C)NOCC(C)(CCCC)C         
             Obj: 1.84         

             CCC(CCNOC)C(C)(CCC=C)C         
             Obj: 1.84         

             CCC(CCNOC)C(C)(C)CCC=C         
             Obj: 1.84         

             CCCC=CCCNOCC(C)(C)CCCC         
             Obj: 1.80         

             CCC(CCNOCCCCC(C)C)CCC         
             Obj: 1.78         

             CCC(CCNOC)C(C)CCC=CCCC         
             Obj: 1.75         

             CCC(CCNOCC)CC(C)CCCC         
             Obj: 1.74         

             CCC(CCNOC)C(C)(CC=CC)C         
             Obj: 1.72         

             CCC(CCNOC)C(C)(C)CC=CC         
             Obj: 1.72         

Supplementary Figure 8: Top 20 molecules: STONED, TMB/DMBA task
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3.5 Graph GA

             CNN(N(C)C)N(C)CN(C)C         
             Obj: 8.87         

             CNN(C)CN(N(C)C)N(C)C         
             Obj: 8.84         

             CNN(C)CN(C)N(C)N(C)C         
             Obj: 8.83         

             CCN(C)CN(C)N(C)N(C)NC         
             Obj: 8.76         

             CCN(C)CN(NC)N(C)N(C)C         
             Obj: 8.72         

             CCCNCN(N(C)C)N(C)C         
             Obj: 8.69         

             CNN(CN(C)N(C)C)N(C)C         
             Obj: 8.67         

             CCNCCN(N(C)C)N(C)C         
             Obj: 8.66         

             CCN(C)N(C)CN(C)N(C)NC         
             Obj: 8.66         

             CCN(C)CN(N(C)C)N(C)NC         
             Obj: 8.65         

             CN(C)CNN(N(C)C)N(C)C         
             Obj: 8.63         

             CCN(C)N(C)N(C)CN(C)NC         
             Obj: 8.63         

             CCN(CN(C)N(C)C)N(C)NC         
             Obj: 8.61         

             CCN(CN(C)N(C)NC)N(C)C         
             Obj: 8.60         

             CCN(C)N(C)N(CN(C)C)NC         
             Obj: 8.60         

             CCN(NC)N(C)N(C)CN(C)C         
             Obj: 8.58         

             CNN(C)N(CN(C)C)N(C)C         
             Obj: 8.58         

             CCN(C)CN(C)N(NC)N(C)C         
             Obj: 8.58         

             CNCN(C)CN(C)N(C)N(C)C         
             Obj: 8.57         

             CNN(C)N(C)CN(C)N(C)C         
             Obj: 8.57         

Supplementary Figure 9: Top 20 molecules: Graph GA, IBA task
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             CC(O)CC(C)(C)CC(C)(CC(C)(C)C)N(C(C)C)C(C)C         
             Obj: 8.40         

             CC(C)N(C(C)C)C(C)(C)CC(C)(C)CC(O)CC(C)(C)C         
             Obj: 8.37         

             CC(O)CC(C)(C)CC(C)(C)CC(C)(C)N(C(C)C)C(C)C         
             Obj: 8.32         

             CC(CC(C)(C)C)CC(C)(CC(C)(C)C)N(C(C)C)C(C)O         
             Obj: 8.31         

             CC(O)CC(C)(C)CC(C)(C)N(C(C)C)C(C)CC(C)(C)C         
             Obj: 8.26         

             CC(C)CC(O)CC(C)(C)CC(C)(C)CN(C(C)C)C(C)C         
             Obj: 8.25         

             CC(C)N(C(C)CC(C)(C)C)C(C)(C)CC(O)CC(C)(C)C         
             Obj: 8.25         

             CC(O)CC(C)(C)CC(C)(C)CC(C)(C)CN(C(C)C)C(C)C         
             Obj: 8.25         

             CC(CC(C)(C)C)CC(C)(C)CC(C)(C)N(C(C)C)C(C)O         
             Obj: 8.25         

             CC(C)CC(C)(C)CC(C)(C)CC(C)(C)N(C(C)C)C(C)O         
             Obj: 8.23         

             CC(C)CC(C)N(CC(C)(C)CC(C)(C)CC(C)O)C(C)C         
             Obj: 8.16         

             CC(C)N(C(C)C)C(C)(CCC(O)CC(C)(C)C)CC(C)(C)C         
             Obj: 8.14         

             CC(C)N(C(C)C)C(C)(C)CC(C)(C)CCC(O)CC(C)(C)C         
             Obj: 8.12         

             CC(C)N(C(C)C)C(C)(C)CC(C)(C)CC(O)CCC(C)(C)C         
             Obj: 8.12         

             CC(O)CC(C)(CC(C)(C)CCC(C)(C)C)N(C(C)C)C(C)C         
             Obj: 8.11         

             CC(O)CC(C)(C)CCC(C)(CC(C)(C)C)N(C(C)C)C(C)C         
             Obj: 8.11         

             CC(O)CC(C)(C)CC(C)(C)CCC(C)(C)N(C(C)C)C(C)C         
             Obj: 8.08         

             CC(O)CCC(C)(C)CC(C)(C)CC(C)(C)N(C(C)C)C(C)C         
             Obj: 8.08         

             CC(O)CC(C)(C)CCC(C)(C)CC(C)(C)N(C(C)C)C(C)C         
             Obj: 8.08         

             CC(C)CC(C)(C)CC(C)(O)CC(C)(C)N(C(C)C)C(C)C         
             Obj: 8.07         

Supplementary Figure 10: Top 20 molecules: Graph GA, TMB/DMBA task
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3.6 REINVENT-Transformer

             CNN(N(C)C)N(C)CN(C)C         
             Obj: 8.87         

             CNN(C)CN(N(C)C)N(C)C         
             Obj: 8.84         

             CNN(C)CN(C)N(C)N(C)C         
             Obj: 8.83         

             CCN(C)CN(C)N(C)N(C)NC         
             Obj: 8.76         

             CCN(C)CN(NC)N(C)N(C)C         
             Obj: 8.72         

             CCCNCN(N(C)C)N(C)C         
             Obj: 8.69         

             CNN(CN(C)N(C)C)N(C)C         
             Obj: 8.67         

             CCNCCN(N(C)C)N(C)C         
             Obj: 8.66         

             CCN(C)N(C)CN(C)N(C)NC         
             Obj: 8.66         

             CN(C)CNN(N(C)C)N(C)C         
             Obj: 8.63         

             CCN(C)N(C)N(C)CN(C)NC         
             Obj: 8.63         

             CCN(CN(C)N(C)C)N(C)NC         
             Obj: 8.61         

             CCN(CN(C)N(C)NC)N(C)C         
             Obj: 8.60         

             CCN(C)N(C)N(CN(C)C)NC         
             Obj: 8.60         

             CCN(NC)N(C)N(C)CN(C)C         
             Obj: 8.58         

             CNN(C)N(CN(C)C)N(C)C         
             Obj: 8.58         

             CCN(C)CN(C)N(NC)N(C)C         
             Obj: 8.58         

             CNCN(C)CN(C)N(C)N(C)C         
             Obj: 8.57         

             CNN(C)N(C)CN(C)N(C)C         
             Obj: 8.57         

             CCN(CN(C)N(C)N(C)C)NC         
             Obj: 8.56         

Supplementary Figure 11: Top 20 molecules: REINVENT-Transformer, IBA task
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             CC1CC(C)CC(C)(CNC2(C)CC(OC(C)C)C2)CC(C)C1         
             Obj: 7.41         

             CC1CC(C)CC(C)(NCC2(C)CC(OC(C)C)C2)CC(C)C1         
             Obj: 7.41         

             CC1CC(C)CC(C)(CCC2(C)CC(OC(C)C)N2)CC(C)C1         
             Obj: 7.37         

             CC1CC(C)CC(C)(NC2(C)CC(OC(C)C)C2)CC(C)C1         
             Obj: 7.33         

             CC1CC(C)CC(C)(NC2(C)CC(COC(C)C)C2)CC(C)C1         
             Obj: 7.32         

             CC1CC(C)CC(C)(CC2(C)CC(OC(C)C)CN2)CC(C)C1         
             Obj: 7.29         

             CC1CCC(C)CC(C)(NC2(C)CC(OC(C)C)C2)CC(C)C1         
             Obj: 7.29         

             CC(C)COC1CC(C)(NC2(C)CC(C)CC(C)CC(C)C2)C1         
             Obj: 7.29         

             CC1CCC(C)(NC2(C)CC(OC(C)C)C2)CC(C)CC(C)C1         
             Obj: 7.27         

             CC1CC(C)CC(C)(NC2(C)CCC(OC(C)C)C2)CC(C)C1         
             Obj: 7.27         

             CCC1CC(C)CC(C)(NC2(C)CC(OC(C)C)C2)CC(C)C1         
             Obj: 7.25         

             CCC1CC(C)CC(C)CC(C)(NC2(C)CC(OC(C)C)C2)C1         
             Obj: 7.25         

             CCC1(NC2(C)CC(OC(C)C)C2)CC(C)CC(C)CC(C)C1         
             Obj: 7.16         

             CCC1(NC2(C)CC(C)CC(C)CC(C)C2)CC(OC(C)C)C1         
             Obj: 7.16         

             CCC(C)OC1CC(C)(NC2(C)CC(C)CC(C)CC(C)C2)C1         
             Obj: 7.11         

             CC1CC(C)CC(C)C(NC2(C)CC(OC(C)C)C2)CC(C)C1         
             Obj: 7.10         

             CCC1(NC2(C)CC(OC(C)C)C2)CC(C)CC(C)CC1C         
             Obj: 7.07         

             CC1CCC(NC2(C)CC(OC(C)C)C2)CC(C)CC(C)C1         
             Obj: 7.06         

             CCC1(NC2(C)CC(C)CC(C)CC(C)C2)CC1OC(C)C         
             Obj: 7.05         

             CC1CCC(C)(NC2CC(OC(C)C)C2)CC(C)CC(C)C1         
             Obj: 7.05         

Supplementary Figure 12: Top 20 molecules: REINVENT-Transformer, TMB/DMBA task
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3.7 GraphXForm: Structural constraints

             CNC(C)C(CN(C)C)N(C)C         
             Obj: 7.28         

             CCN(CCCO)CCN(C)C         
             Obj: 7.21         

             CCN(CCO)CCCN(C)C         
             Obj: 7.17         

             CCN(C)CCCN(C)CCO         
             Obj: 7.12         

             CC(C)N(CO)CCCN(C)C         
             Obj: 6.96         

             CN(C)CC(CO)(CN(C)C)N(C)C         
             Obj: 6.96         

             CCCN(CCO)CCN(C)C         
             Obj: 6.93         

             CCCN(C)CCN(C)CCO         
             Obj: 6.89         

             CNCC1(N(C)C)COCN(C)C1         
             Obj: 6.87         

             CN(C)CCN(C)CCCCO         
             Obj: 6.84         

             CC(C)N(CCO)CCN(C)C         
             Obj: 6.83         

             CNCC1(CN(C)C)COCN1C         
             Obj: 6.80         

             CC(CN(C)C)N(C)CCCO         
             Obj: 6.78         

             CCN1COCC(CNC)(N(C)C)C1         
             Obj: 6.75         

             CCN1CCC(CO)(N(C)C)CC1         
             Obj: 6.75         

             CN(CCO)CC(C)(C)N(C)C         
             Obj: 6.71         

             CN(C)CC1(CO)CN(C)CCN1C         
             Obj: 6.70         

             CNCC1(CN(C)C)COCCN1C         
             Obj: 6.69         

             CCN(CO)C(C)CCN(C)C         
             Obj: 6.69         

             CN(C)CC(C)(C)N(C)CCO         
             Obj: 6.68         

Supplementary Figure 13: Top 20 molecules: GraphXForm, IBA task with structural constraints
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             CC(O)CC(CC(C)(C)C)(CC(C)(C)C)N(C(C)C)C(C)C         
             Obj: 8.54         

             CC(C)N(C(C)C)C(CC(O)CC(C)(C)C)CC(C)(C)C         
             Obj: 8.44         

             CC(C)N(C(C)C)C(C)(CC(O)CC(C)(C)C)CC(C)(C)C         
             Obj: 8.43         

             CC(C)N(C(C)C)C(CC(O)CCC(C)(C)C)CC(C)(C)C         
             Obj: 8.42         

             CC(C)N(C(C)C)C(C)CC(O)(CC(C)(C)C)CC(C)(C)C         
             Obj: 8.41         

             CC(O)CC(C)(C)CC(C)(CC(C)(C)C)N(C(C)C)C(C)C         
             Obj: 8.40         

             CC(O)CC(C)(CC(C)(C)CC(C)(C)C)N(C(C)C)C(C)C         
             Obj: 8.40         

             CC(O)CC(C)(C)CC(CC(C)(C)C)N(C(C)C)C(C)C         
             Obj: 8.39         

             CC(C)N(C(C)C)C(C)CC(C)(CC(C)(C)C)CC(C)(C)O         
             Obj: 8.37         

             CC(C)N(C(C)C)C(C)(C)CC(O)CC(C)(C)CC(C)(C)C         
             Obj: 8.36         

             CC(C)N(C(C)C)C(C)CC(C)(O)CC(C)(C)CC(C)(C)C         
             Obj: 8.35         

             CC(C)N(C(C)C)C(C)CC(C)(C)CC(C)(O)CC(C)(C)C         
             Obj: 8.34         

             CC(C)N(C(C)C)C(C)CC(C)(C)CC(C)(C)CC(C)(C)O         
             Obj: 8.34         

             CC(O)CC(CN(C(C)C)C(C)C)(CC(C)(C)C)CC(C)(C)C         
             Obj: 8.33         

             CC(O)CC(CC(C)(C)CC(C)(C)C)N(C(C)C)C(C)C         
             Obj: 8.33         

             CC(O)CC(C)(CC(C)(C)C)N(C(C)C)C(C)CC(C)(C)C         
             Obj: 8.33         

             CC(O)CC(C)N(C(C)C)C(CC(C)(C)C)CC(C)(C)C         
             Obj: 8.32         

             CC(O)CC(C)(CC(C)(C)C)CC(C)(C)N(C(C)C)C(C)C         
             Obj: 8.32         

             CC(O)CC(C)(C)CC(C)(C)CC(C)(C)N(C(C)C)C(C)C         
             Obj: 8.32         

             CC(O)CC(CC(C)(C)C)N(C(C)C)C(C)CC(C)(C)C         
             Obj: 8.32         

Supplementary Figure 14: Top 20 molecules: GraphXForm, TMB/DMBA task with structural con-
straints
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