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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},

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

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

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

"0+": {"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},



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

"S@": {"atomic_number": 16, "valence": 6, "chiral_tag": CHI_TETRAHEDRAL_CW},
"S@Q": {"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},
"0": {"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 SMILES Graph GAf Reinventq GEGLY [5] CReM 6] MolRL- GraphXForm
GAt[1] LSTMi [2] 3] [4] MGPT [7] (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
CY9H10N202PF2CI 1 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. T Top-250, no stereochemistry. { Results as reported in [8]. 4 Results as reported in [7].
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3 Solvent design results

3.1 GraphXForm
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Supplementary Figure 1: Top 20 molecules: GraphXForm, IBA task
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Supplementary Figure 2: Top 20 molecules: GraphXForm, TMB/DMBA task



3.2 List screen
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Supplementary Figure 3: Top 20 molecules: List screen, IBA task
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Supplementary Figure 4: Top 20 molecules: List screen, TMB/DMBA task



3.3 JT-VAE
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Supplementary Figure 5: Top 20 molecules: JT-VAE, IBA task



X
<

ce(eeiCe)C)C2(CaN2)CLOIC coEcCEC)C2(CCaICCIZeN2
bj: 2.16

NH

%
i

CC(C)CIC(C)(CIC2ACNCACICIC CCCCIC(O)(C)C2(CCN2)CI(COIC

7
:

NH

CCC1C2(CCC2)C2(CON2C12CCC2 €C(C)CIC)CC(C)(C2ONC)CL
Obj: 1.35

e
"

——NH

CNC(C1(C)CCeCL(C)CeCT CC(C)CL(C(C)CICCC12CNT2
Obi: 1.28 Obi: 1.25

Supplementary Figure 6: Top

ZT

NH
CC(C)CI(C(C)C)CC2(CNC2)C12CC2 CC(OICICIC(C)(CIC2(CCN2)CL(CIC CC(C)C1(C2(C3(C)CCCR)CCACNCT
j: 1.6 Obj: 1.6
CC(C)C1(C2(C(C)(C)CICCT2)CNCT CCOC1(C2(C(C)(C)C)ENCACCCL CCCIC(O)(C)C2(CENDCI(CIC
Obj: 1.39 Obj: 1.38 :
NH
CCCCIC2(CCCRC2(CN2)C12CCC2 CC(C)(OICIC(O)(C)C2(CNACICIC CCC(E)(C)CL(C(C)CICNCT
Obj: 1.34
NH
CCC1(C2(C3(CIENCICC2)CCL CCC1(C2(C3(C)CCI)CNC2)CCL CCC1C2(CC2)C(C)(C2CNC2)C12CC2
Obi 1.24 Obit 123

20 molecules: JT-VAE, TMB/DMBA task



3.4 STONED
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Supplementary Figure 7: Top 20 molecules: STONED, IBA task
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3.5 Graph GA
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Supplementary Figure 9: Top 20 molecules: Graph GA, IBA task
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3.6 REINVENT-Transformer
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3.7 GraphXForm: Structural constraints
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OH HN
OH
/\/\ \/N N/
N\/\ e N / N / OH \/
'\\‘ / N h
CC(C)N(CCO)CCN(C)C CNCC1(CN(C)C)COCNIC CC(CN(C)CIN(C)CCCO 'CCN1COCC(CNC)(N(C)C)C1 'CCN1CCC(CO)(N(C)C)CCL
Obj: 6.83 Obj: 6.80 Obj: 6.78 Obj: 6.75 Obj: 6.75

OH N/ \N/ w
0
‘ (\ — N l’u S P
JE O s T BT

CN(CCO)CC(O)ON(EIC CN(C)CC1(CO)CN(C)CENLC CCNCC1(CN(C)C)COCCNIC CON(CO)C(C)CEN(C)C CN(C)CC(C)CIN(C)CCO
Obi: 6.71 Ohi: 6.70 Ohi: 6.69 Ohi: 6.69 Obi: 6.68

Supplementary Figure 13: Top 20 molecules: GraphXForm, IBA task with structural constraints
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Obj: 854 Obj: 8.44 Obj: 8.43 Obj: 8.42 Obj: 8.41
\< o
OH N\< op—)\ \(
: A
N
OH N
y A
/< OH
Obj: 8.40 Obj: 8.40 Obj: 8.39 Obj: 8.37 Obj: 8.36
HO

X ~ g T

CCC(C)N(C(C)C)C(C)CC(C)(0)C! C (C)(C)CC(C)(O)CC(C)(C)C C (C)(C)CC(C)(C)CC(C)(C)O CCC(O)CC(CN(C(C)C)C(C)C)(CC(C)(C)C)CC(C)(C)C CC(O)CC(CC(C)(C)CC(C)(C)CIN(C(C)C)C(C)C
Obj: 8.35 Obj: 8.34 Obj: 8.34 Obj: 8.33 Obj: 8.33
OH
OH
HO
OH
/K/k ) > "
N )N\ \< /Nk
Obi: 8.33 Ohi: 832 Ohi: 832 Obi: 8.32 Obi: 8.32

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