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200 Computer-implemented methods for identifying a plurality of compounds in a
combinatorial synthesis library that each satisfy a plurality of molecular properties
are provided. The combinatorial synthesis library is accessible through a trained
variational auto-encoder that comprises (i) an encoder module that maps a
compound in the combinatorial synthesis library into a d-dimensional code in a
learned d-dimensional latent space and (ii) a decoder module that retrieves a
molecular structure of the compound, with a reconstruction likelihood greater than a
threshold reconstruction likelihood, upon inputting the d-dimensional code into the
decoder.

| 202 The threshold reconstruction likelihood is 50 percent or greater, 60 percent |
| or greater, or between 60 percent and 80 percent. |

(o e e — — — — — — — — — — — — — — — — — — — — — — —

204 A first molecular property in the plurality of molecular properties is a |
| bioactivity prediction against a therapeutic target, and the first molecular |
property is satisfied for a respective compound in the plurality of compounds |
Iwhen a bioactivity classification module determines, based on a chemical
| structure of the respective compound, that the respective compound is an active I
| compound against the therapeutic target. |

| 206 A first molecular property in the plurality of molecular properties is a |
potency prediction against a therapeutic target, and the first molecular property |
| is satisfied for a respective compound in the plurality of compounds when a |
potency prediction regression module determines, based on a chemical
structure of the respective compound, that the respective compound has at least |
| a threshold potency against the therapeutic target.

|m The plurality of compounds comprises 500 or more compounds, 1000 or |
| more compounds, 10,000 or more compounds, or 100,000 or more compounds. |

| 210 The combinatorial synthesis library represents more than 10,000 synthons |
| and more than 10 three- or four- component reactions. |
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200 (Cont.)

_________________________ 1
Im The d-dimensional code has a latent space dimension d that is 64. |
216 Use a policy model, comprising a plurality of parameters, to select a current
batch of d-dimensional codes in the learned d-dimensional latent space.
_________________________ -

_______________________ 1
Im The normalizing flow generative model is a neural spine flow. |
_______________________ -
|& The neural spine flow includes between four and 20 rational |
| quadratic spline flow coupling layers that each have a plurality of knots. |

e ——— e e e e e e -
224 The neural spine flow consists of eight quadratic spline flow coupling |

layers that each have eight knots.

|avers that each have eightknots. |

[ 226" A fixed but randomly-initialized permutation is applied after each |
| coupling layer. |
e e e e e e —
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216 (Cont.)
[@_Th; pmrzﬁty_ofgagm;ters c;m_pris_es_SOEOHOgr more pgraﬁet_ers_, or1x 1
| 10° parameters.

230 Apply each d-dimensional code in the current batch of d-dimensional codes to
the decoder model, thereby retrieving the molecular structure of each compound in a

current batch of compounds.

232 Determine, using at least the molecular structure of each compound in the
current batch of compounds, a corresponding molecular property value of each
respective molecular property in the plurality of molecular properties, thereby
determining a corresponding plurality of molecular property values for each
respective compound in the current batch of compounds.

1234 The plurality of molecular properties comprises any two or more rules, any |
| three or more rules, or all four rules of the Lipinski's rule of Five: (i) not more |
| than five hydrogen bond donors, (i) not more than ten hydrogen bond |
Iacceptors, (iii) a molecular weight under 500 Daltons, and (iv) a LogP under 5. |

_________________________ -
| 236 The plurality of molecular properties comprises any two or more rules, any

| three or more rules, or all four rules of the Ghose filter: (i) a calculated log P that
| is between -0.4 and 5.6, (ii) a molecular weight that is between 160 and 480, (iii)
| a molar refractivity that is between 40 and 130, and (iv) a total number of atoms
Ilha’t is between 20 and 70 |

Fig. 2C
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238 The plurality of molecular properties comprises (i) a first requirement that I

each compound in the plurality of compounds has three or fewer hydrogen bond |
donors and (ii) a second requirement that each compound in the plurality of
compounds has three or fewer hydrogen bond acceptors. |

| 240 The plurality of molecular properties comprises any two or more rules, any |
three or more rules, any four or more rules, any five or more rules, or all six |

| rules selected from the group consisting of: (i) a molecular weight under 300 |
Daltons, (ii) a LogP less than 3, (iii) three or fewer hydrogen bond donors, (iv)
three or fewer hydrogen bond acceptors, (v) a polar surface area of 60A?, and |

| (vi) three or fewer rotateable bonds. |

— e e e —— e e T e S e S S T S S S S S S S S S—— — —

| of molecular properties when it has a respective Quantitative Estimate of

| Druglikeness (QED) score of greater than QED threshold, wherein the |

| respective QED score is within a range of zero to one, and is based on a |
weighted summation of a plurality of individual desirability functions that |
canvass the respective compound&€™s molecular weight, LogP, number of

I hydrogen bond donors, number of hydrogen bond acceptors, polar surface are, I

| number of rotateable bonds, and number of structural alerts. |

244 Determine, for each respective compound in the current batch of compounds, a
corresponding tempered reward function value for the respective compound using
the plurality of molecular property values corresponding to the respective compound.

Fig. 2D
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245 Determine a current probability density, under a target distribution in which d-
dimensional codes are sampled through the auto-encoder module from the
combinatorial synthesis library with probability proportional to their tempered reward
function value, using the corresponding tempered reward function value of each
respective compound in the current batch of compounds.

Y

246 Update the plurality of parameters of the policy model through minimization of
at least a difference between (i) the current probability density and (ii) the target
distribution. The difference is evaluated using an |t-divergence based objective
function.

250 The method is repeated a plurality of instances and the update uses a
portion of the current probability density of each instance in the plurality of |
instances to minimize against the target distribution. |

- - - ___

252 The combinatorial synthesis library comprises a trillion compounds, the |
| encoder module is configured to map each compound in the combinatorial |
synthesis library into a d-dimensional code in the learned d-dimensional latent |
I space, and the policy model is configured to search any portion, or plurality of
| portions, of the entire combinatorial synthesis library in accordance with the I
| updating of the plurality of parameters. |

| 254 254 Filter from the plurality of compounds those compounds that fail a pan- |
assay interference (PAINS) filter. |

[aBe Coiltm o o e o T T T T T T T e T T
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246 Cont.

| 258 Cluster the plurality of compounds based on structural similarity thereby |
| forming a plurality of clusters and retaining, in the plurality of compounds, a |
| subset of compounds in each cluster in the plurality of clusters. |

[260 Synthesize the plurality of compounds and test the synthesized plurality of |
compounds in a wet lab assay to determine whether they have bioactivity |
| against a therapeutic target. |

| compounds in a wet lab assay to determine whether they have potency against
| a therapeutic target.

I
l Im The condition is a cancer, hematologic disorder, autoimmune |
| disease, inflammatory disease, immunological disorder, metabolic

| Idisorder, neurological disorder, genetic disorder, psychiatric disorder, I
| | gastroenterological disorder, renal disorder, cardiovascular disorder, |
| |d§rmatologigal disorder, respiratory disorder, viral infection, or other |
|| disease or disorder. |
I

Fig. 2F
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