Quantitative Structure-Activity Relationship based Virtual

screening for Novel Androgen Receptor Antagonists

by
Xin Ren

B.Sc., Department of Pharmacy
Zhejiang University, 2010

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE
in
THE FACULTY OF GRADUATE STUDIES
(Experimental Medicine)

THE UNIVERSITY OF BRITISH COLUMBIA

(Vancouver)

September 2012

© Xin Ren, 2012



Abstract

Androgen receptor (AR) plays a critical role in prostate cancer development and progression. All
current therapeutic AR inhibitors modulate the receptor via direct binding to its Hormone
Binding Site (HBS). Despite the identification of other small molecule binding areas on the AR
surface including Activation Function 2 (AF2), binding function 3 (BF3), and N-terminal domain
(NTD), HBS continues to be the major target site for AR antagonists (even though this site is
prone to resistant mutations). Thus, there is a high need for the identification and development of

novel antagonists targeting HBS of the AR.

In this study, an effective QSAR modeling pipeline was set up and proved to be capable of
identifying new AR antagonists from a large ZINC collection of purchasable chemicals. In
particular, we have utilized DRAGON, INDUCTIVE and MOE descriptors to create various
binary QSAR models of anti-AR activity. When we have applied the developed QSAR solutions
to screen more than 2 million chemicals from the ZINC database, we were able to identify 39
potential candidate AR HBS binders. When they were tested in the DHT displacement assay, 9
chemicals demonstrated the corresponding ICsy values in efficient low-micromole range. Of
those, 9 compounds later exhibited ability to inhibit AR in the eGFP transcriptional assay with
the ICsy values established at 1.04-16.18 puM level. Notably, 6 discovered chemicals
demonstrated concentration-dependent suppression of survival of LNCaP prostate cancer cell

lines.

The results of this study set a ground for the development of an entire novel chemical class of
AR antagonists that are distinct for the currently marketed drugs such as Nitalutamide,

Flutomide, Cassodex, and MDV3100 that all share significant structural similarity.
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1. Introduction

1.1 Androgen Receptor as Target for Prostate Cancer Chemotherapy Treatment
1.1.1 Prostate Cancer

There are 1 in 7 Canadian men will be diagnosed with prostate cancer, making it the most
commonly diagnosed non-skin cancer in men, and one of the leading causes of cancer-death
(Society 2012). Approximately 26,500 Canadians will be diagnosed with prostate cancer in 2012.
On average, 73 Canadian men are diagnosed with prostate cancer every day and at the same time,
on average 11 Canadian men die from the disease every day (Society 2012). While frequently
curable in early stage of the disease by surgery or radiation ablation, the first line of treatment for
locally advanced, recurrent or metastatic prostate cancer is some form of androgen withdrawal
therapy, which is generally designed to block either the production of androgens or their binding
to the androgen receptor (AR) (Sharifi, Gulley et al. 2005). Unfortunately, the effectiveness of
this type of treatment is usually temporary due to the progression of surviving tumor cells to a
castration-resistant state (Gleave, Goldenberg et al. 1998; Albertsen, Hanley et al. 2005), with no
curative treatment options and a median life expectancy of around 18 months (Kent and Hussain
2003; Martel, Gumerlock et al. 2003; Antonarakis and Eisenberger 2011). While the molecular
mechanisms responsible for progression to the castration-resistant phenotype are largely
unknown, typically they do not appear to involve loss of AR expression (Taplin, Rajeshkumar et
al. 2003). In over 80% of locally advanced castration-resistant prostate cancers (CRPCs), high
levels of nuclear AR have been observed (Tilley, Lim-Tio et al. 1994); and in bone metastases,
the amount of AR present is often higher than in primary tumors (Hobisch, Culig et al.
1995).There is evidence that in most cases some form of inappropriate activation of AR is linked

to recurrent growth of prostate cancers (Rennie and Nelson 1998).

Since AR is central to the progression to castration resistance, AR knockdown or
alternative AR inhibition strategies have been proposed as additional therapy after failure of

conventional androgen ablation (Scher, Buchanan et al. 2004).



1.1.2 Androgen Receptor

Androgen receptor (AR) is a member of the steroid and nuclear receptor superfamily, which is

regulated by the binding of androgens, mainly testosterone and 5a-dihydrotestosterone (DHT)

(Roy, Lavrovsky et al. 1999).

The AR gene is more than 90 kb long and codes for a protein of 919 amino acids that has three
major functional domains, as illustrated in Figure 1. The N-terminal domain (NTD), which has a
modulatory function, is encoded by exon 1 (1586 bp). The DNA-binding domain (DBD) is
encoded by exons 2 and 3 (152 and 117 bp, respectively). The C-terminal ligand binding domain
(LBD) which associates with an HSP90 chaperone is encoded by five exons from 131 to 288 bp.
There is also a small hinge region between the DNA-binding domain and ligand-binding domain

containing a nuclear localization signal (NLS) (Heemers and Tindall 2007; Narayanan, Mohler et

al. 2008; Gao 2010).

Human AR Gene
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Figure 1 Structural organization of the AR gene and protein.

The LBD is a multifunctional domain, which is very important for ligand recognition and
contributes to dimerization and co-regulator interactions. The LBD contains 11 a-helices (H) and

two B-turns, arranged in three layers to form an antiparallel “a-helical sandwich”. As shown on



Figure 2, there are 11 helices in AR LBD with H2 absent. The central layer was formed by
helices H4, HS5, H8, H9 and the first B-turn, flanked from one side by H1, H3, and from the other
side by H6, H7, H10, H11 and the second B-turn. Hormone Biding Site (HBS) resides in the
interior of the LBD underneath the central helical layer, which is intrinsically flexible to support
binding of ligands with different sizes (Gao 2010; van de Wijngaart, Molier et al. 2010).
Notably, in the active agonist-bound LBD conformation, H12 is placed over the HBS like a lid
and spans all the three helical layers. There are other interaction sites available outside of the
HBS, such as activation function 2 (AF2) (Axerio-Cilies, Lack et al. 2011) and binding function
3 (BF3)(Lack, Axerio-Cilies et al. 2011).

Figure 2 Crystal structures of wild-type AR ligand binding domain bound with DHT

(A) front view; (B) ligand view. Space filled atoms are (black) carbon and (red) oxygen. The activation function 2 region (helices

3, 4, and 12) is highlighted in green.

Binding of agonist (DHT) alters LBD structure (Figure 3) to form the coactivator-binding site,
which initially binds an FQNLF peptide in the NTD (represented by triangle). The resulting



intramolecular N-terminal or C-terminal interaction may function to expose the NLS and
enhance AR nuclear translocation, chromatin binding, and the initial recruitment of coactivator
and chromatin-modifying proteins by the NTD (Masiello, Cheng et al. 2002). Direct interaction
between closely positioned DBDs and possibly intermolecular N or C interactions stabilizes the
AR homodimer on the DNA. The LBD and NTD then cooperatively recruit transcriptional
coactivators such as TRAP220 and steroid receptor coactivators (SRC) that interact with the
LBD coactivator-binding site through LxxLL motifs (displacing the NTD FQNLF peptide)
(Dubbink, Hersmus et al. 2004). SRC recruitment of the SWI/SNF complex, histone
acetyltransferases (CBP/p300), protein methyltransferases (CARM1), and additional factors
results in the AR-targeted relaxation of chromatin and propagation of a transcriptionally active

gene locus (Janne and Shan 1991; Knee, Froesch et al. 2001; McEwan 2004).

AR
FQNLF
NLS

DBD
LED
HSPSO
T e~

@oHT g MDV3100 W Bic

} '
T

“-}_r-"

Importin

NUCLEUS

i

-————

“““““““

Histone acetylation
RNA Paol Il recruitment Histone deacetylation
Expression of target genes Repression of target genes



Figure 3 Agonist and Antagonist Modulation of AR Transcriptional Activity

AR antagonists such as Bicalutamide (Bic) still promote nuclear translocation and chromatin
binding but fail to induce optimal LBD helix 12 repositioning for generation of the coactivator-
binding site. This way AR lacks transcriptional activity due to ineffective coactivator recruitment
and enhanced recruitment of corepressors (NCoR and SMRT), which bind weakly to the NTD
and are stabilized by binding of extended LxxLL-like motifs (CoRNR boxes) to the LBD.
However, in CRPC, high-level AR expression and other mechanisms may increase the
recruitment of coactivators versus corepressors, leading to agonist activity. In contrast to
Bicalutamide, MDV3100 more effectively impairs nuclear translocation and appears to
completely prevent chromatin binding, which may reflect further displacement of helix 12 and
abrogation of the FQNLF/LxxLL coactivator-binding site (Saporita, Zhang et al. 2003; Dubbink,
Hersmus et al. 2004; Shen and Balk 2009; Foster, Car et al. 2011).



1.1.3 Prostate Cancer Therapeutics
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Figure 4 Structures of marketed and developed non-steroid antiandrogens

The first antiandrogen tested in the clinic was Cyproterone acetate in 1966. It functions as a AR

antagonist and also decreases the AR levels in vivo (Haendler and Cleve 2012).

Flutamide is a non-steroidal chemical with pure antiandrogenic properties (Figure 4). It is
derived from acetanilide and it is converted to active form 2-hydroxyflutamide in vivo. It was
approved for treatment of locally confined metastatic prostate cancer in combination with a

GnRH agonist by FDA in 1989 (Brogden and Chrisp 1991).

Nilutamide is an AR antagonist which is derived from nitrotrifluorotoluene group and is
structurally related to Flutamide (Figure 4), but has a longer half-life. It is approved at a 300 mg
followed by a 150 mg daily dose in 1996. Its use is limited due to side-effects such as
pneumonitis and delayed adaptation to darkness (Dole and Holdsworth 1997).



Bicalutamide (marketed as Casodex, Cosudex, Calutide, Kalumid) is an oral non-steroidal anti-
androgen drug for prostate cancer (Figure 4). It was first approved in 1995 as a combination
treatment (with surgical or medical castration) for advanced prostate cancer and subsequently
launched as monotherapy for the treatment of earlier stages of the cancer (Cockshott 2004). It not
only inhibits the activation of the AR but also enhance the degradation of the androgen receptor.
The R-enantiomer of this drug is the active conformation (Mukherjee, Kirkovsky et al. 1996). It
has a better affinity for the AR, a longer half-life and accumulates in the plasma whereas the S-

enantiomer is inactive.

The recently developed RD162 and MDV3100 (Figure 4) were selected based on their high
binding affinity for the AR and on their ability to impair the nuclear import of the AR/ligand
complex. They are diarylthiohydantoins, derivatives of Nilutamide (Tran, Ouk et al. 2009; Jung,
Ouk et al. 2010). They do not enhance translocation of AR to the nucleus. In addition they
prevent binding of AR to DNA and AR to coactivator proteins. MDV3100 has about fivefold
higher binding affinity for the AR compared to Bicalutamide (Makkonen, Kauhanen et al. 2011).

BMS-641988 is an oxabicyclo-imide-derived AR antagonist (Figure 4) with approximately
twenty fold higher AR-binding properties than Bicalutamide, and also three to seven fold higher
antagonistic properties in transactivation assays than Bicalutamide (Attar, Jure-Kunkel et al.
2009). BMS-779333 (Figure 4) is a second generation AR antagonist with a comparable anti-
tumor profile to BMS-641988, to which it is structurally related (Salvati, Balog et al. 2008).

The dimethylthiohydantoin derivative CHS5137291 (Figure 4) is also one among the
trifluoromethylbenzonitrile group. It suppresses the growth of CRPC xenograft model LNCaP-
BC2 and reduces plasma PSA levels in mice (Yoshino, Sato et al. 2010).

It should be outlined, that all these chemicals share close structural similarity (a common motif is
highlighted in red in Figure 4). Therefore, all these chemicals can suffer from the same problems,
such as arising resistance driven by mutations in in the AR LBD, which results in a high medical
need for the identification and development of alternative, novel antagonists of AR HBS,

belonging to a different chemical class.



1.2 Quantitative Structure-Activity Relationships

Quantitative structure—activity relationship (QSAR) approach describes a mathematical
relationship between biological activity of a molecular system and its geometric and chemical
characteristics. QSAR models can be based on regression, non-linear or classification
approximations that could be applied to evaluate activity of new molecules (Dudek, Arodz et al.

2006).

QSAR generates predictive models using statistical tools correlating biological activity
(including desirable therapeutic effect and undesirable side effects) of chemicals
(drugs/toxicants/environmental pollutants) with descriptors or features representative of
molecular structure and properties (Patani and LaVoie 1996). QSAR solutions find applications
in many disciplines including risk assessment, toxicity prediction, and regulatory decisions
(Tong, Hong et al. 2005) in addition to drug discovery and lead optimization (Dearden 2003).
Obtaining a good quality QSAR model is a task depending on many factors, such as quality of
biological data, choice of descriptors and statistical methods used (Craig, Hansch et al. 1971;
Keiser, Roth et al. 2007). Any QSAR modeling effort should ultimately lead to statistically
robust solutions capable of making accurate and reliable predictions of biological activities of yet

unstudied chemicals (Keiser, Roth et al. 2007).

The basic assumption of the QSAR is that similar molecules have similar activities. The
underlying problem is therefore how to define a small difference on a molecular level, since each
kind of activity, e.g. reaction ability, biotransformation ability, solubility, target activity, and so
on, might depend on another differences (Patani and LaVoie 1996). In general, researchers are
more interested in finding strong trends. QSAR hypotheses usually rely on a limited number of
chemical data points. Thus, the further goal is to avoid over fitted hypotheses, and remove over

fitted and useless interpretations on structural or molecular data set.



1.2.1 Modeling: Data Mining Approach

QSAR models typically utilize relatively large number of molecular features (descriptors).
Since QSAR descriptors often lack structural interpretation ability, the preprocessing steps face a
feature selection problem, which can be achieved by visual inspection, by data mining, or by
molecule mining. The former typically use such algorithms as support vector machines (Cortes
and Vapnik 1995), decision trees (Yuan and Shaw 1995; Ramos-Jimenez, del Campo-Avila et al.
2005) and neural networks (Hopfield 1982) among others to induce a predictive learning model.
The latter, molecule mining, is a special example of structured data mining approaches,
predicting structure features matrix or performing a fragmentation of a molecules into catalogued

substructures (Helma 2005).

1.2.2 Evaluation of Quality of QSAR Models

Validation is the process by which reliability and relevance of a procedure are established
for a specific purpose (Roy 2007). For validation of QSAR models usually four strategies are
adopted (Hawkins, Basak et al. 2003; Konovalov, Sim et al. 2008): 1. internal validation or
cross-validation; 2. validation by dividing the data set into training and test components; 3. true
external validation by application of model on external data; 4. data randomization or Y-

scrambling (Roy, Paul et al. 2009).

For a binary classification model, its outcomes are labeled either as positive (p) or negative
(n). Naturally, there are four possible outcome combinations generated by any binary classifier.
If the outcome from a prediction is p and the actual value is also p, then the prediction is called a
true positive (TP); however if the actual value is n then it is said to be a false positive (FP).
Conversely, a true negative (TN) has occurred when both the prediction outcome and the actual
value are n, and false negative (FN) is when the prediction outcome is n while the actual value is
p. a receiver operating characteristic (ROC) graphically presents the model behavior in a visual
way (Li and Gramatica 2010). A ROC curve, which has been proved to be a valuable way to

evaluate the quality of a two-class classifier, shows the separation ability of a binary classifier by



iteratively setting the possible classifier threshold. As a result, a plot of the trade-off between the
sensitivity (y-axis) and 1-specificity (x-axis) can be obtained. If the plot has Area under the
Curve (AUC) of 1, a perfect classifier is found, and if the area equals 0.5, the classifier has no

discriminative power at all (Li and Gramatica 2010).
Sensitivity or true positive rate (TPR)
TPR=TP/P=TP/(TP+ FN)

Specificity (SPC) or True Negative Rate

SPC =TN/N =TN/(FP+TN)=1- FPR
Positive predictive value (PPV)

PPV =TP/(TP + FP)

Negative predictive value (NPV)

NPV = TN/(TN + FN)

The success of any QSAR model depends on accurate and clean training data (Roy, Leonard
et al. 2008), proper representative descriptors selection methods (Roy and Roy 2008), statistical
suitable statistical methods (Roy, Leonard et al. 2008), and most critically both internal and

external validation of the built models (Shao 1993; Rao and Wu 2005).
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2 Materials and Methods

2.1 Studies Data Sets

Training Set-1 (T-1): This set was taken from the literature and included 625 chemicals

known to interact with the AR (Li and Gramatica 2010). The dataset consisted of 394 data points
measured by a Danish lab (Li and Gramatica 2010), and 231 activity numbers collected from
various open sources. The corresponding experimental values (IC,s, uM) stand for the ability of
a chemical to inhibit the luminescence response induced by the synthetic androgen R1881. If a
given chemical exhibits IC,s value at test concentration of <10 puM, then it would be classified as
active. If ICys > 10 uM, or if cytotoxicity of a chemical is over ICsp=3uM, then the chemical
would be classified as inactive. The structures of the studied chemicals were obtained from the
supplementary materials of the article (Li and Gramatica 2010) and then were optimized by the
MMFF94x forcefield implemented in the Molecular Operating Environment (MOE) program
(Boyd 2005).

Training Set-2 (T-2): This data set included 595 activity points collected from public

databases. In particular, we investigated such databases as CHEMBL (Gaulton, Bellis et al.
2012), BindingDB (Gilson, Chen et al. 2001), DrugBank (Wishart, Knox et al. 2008) and
ChemSpider (Williams and Tkachenko 2010) for ICsy parameters of AR inhibition. If ICsy value

of a given chemical was lower than 20 uM, we have defined it as active.

External Testing Data Set: we have reserved 89 molecules u also used as an external set in

the literature (Li and Gramatica 2010) to additionally check the developed QSAR models for
their predicting ability.

Combined Set (CS): merging T-1 and T-2 datasets resulted in a Combined Set that has also

been used independently for QSAR modeling. All entries from the training set-1, training set 2,

and external test set are presented in the Appendices section.
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2.2 Database for Virtual Screening

In this study ZINC molecular database (Irwin and Shoichet 2005) was screened by the
developed QSAR binary models. This database represents a curated collection of commercially

available chemical chemicals prepared especially for virtual screening.

In particular, we have considered a subset of ZINC containing 2 million lead-like chemical
structures. The database was firstly processed with MOE 2010 (Molecular Operating
Environment) (Boyd 2005) program by applying its ‘washing’ protocol, followed by the 3D

rebuilding of structures and their partial charge assignment, using the default MOE settings.

2.3 Molecular Descriptors

Descriptor is the final result of a logic or mathematical procedure that transforms chemical
encoded within a symbolic representation of a molecule into a useful number or the result of

some standardized experiment (Todeschini 2009).
2.3.1 Dragon Descriptors

Dragon is commercial software for calculating molecular descriptors. Dragon descriptors
can be used to evaluate molecular structure-activity or structure-property relationships, as well as
for similarity analysis and high throughput screening of molecule databases (Talete 2007).
Currently DRAGON collection contains 3214 theoretical descriptors that could be are divided
into the following categories: (a) 0D constitutional descriptors, (b) 1D count of functional groups
and atom-centered fragments; (c) 2D topological descriptors, walk and path counts, connectivity
and information indexes, various autocorrelations from the molecular graph, edge adjacency
indices, descriptors of Burden eigenvalues (Burden 1989; Burden 1997), topological charge and
eigenvalues-based indices, and 2D binary and frequency fingerprints; (d) 3D Randic molecular

profiles, geometrical descriptors, weighted holistic invariant molecular descriptors (WHIMs)
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(Todeschini and Gramatica 1997; Gramatica, Navas et al. 1998), and geometry, topology, and
atom-weights assembly (GETAWAY) descriptors (Consonni, Todeschini et al. 2002; Consonni,
Todeschini et al. 2002), (e) charge descriptors, and (f) molecular properties. The list and meaning
of the molecular descriptors is provided by the DRAGON package, and the calculation procedure
is explained in detail (Talete 2007).

2.3.2 INDUCTIVE Descriptors

A set of 50 INDUCTIVE descriptors (Cherkasov 2003; Cherkasov and Jankovic 2004;
Cherkasov 2005; Cherkasov, Shi et al. 2005) have been calculated initially for all studied
chemicals. During the calculation all hydrogen atoms were suppressed and only heavy atoms
have been taken into account. The inductive QSAR descriptors were calculated from values of
atomic electro-negativities and radii by using custom SVL-scripts downloaded from the SVL
exchanger and implemented within the MOE package. To avoid cross correlation among the
independent variables, we have computed pairwise correlation among all the 50 QSAR
parameters and removed those inductive descriptors which formed any linear dependence with R
correlation coefficient > 0.95. As a result of this procedure, only 30 inductive QSAR descriptors

have been selected.

2.3.3 MOE Descriptors

MOE descriptors include both 2D and 3D molecular parameters. The 2D molecular
descriptors are numerical features derived from the connection table representing a molecule and
include physical properties, subdivided surface areas, atom counts, bond counts, Kier and Hall
connectivity and Kappa Shape indices, adjacency and distance matrix descriptors containing
BCUT and GCUT descriptors, pharmacophore feature descriptors, and partial charge descriptors.
3D molecular descriptors, which are dependent on the conformation of a molecule, include
potential energy descriptors, surface area, volume, shape descriptors, and charge descriptors
(Boyd 2005). Descriptors are partitioned into classes. Each class indicates what is assumed by

the descriptor calculators about the molecule presented:
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e 2D. 2D descriptors only use the atoms and connection information of the molecule for the

calculation. 3D coordinates and individual conformations are not considered.

e i3D. Internal 3D descriptors use 3D coordinate information about each molecule;

however, they are invariant to rotations and translations of the conformation.

e Xx3D. External 3D descriptors also use 3D coordinate information but also require an

absolute frame of reference (e.g., molecules docked into the same receptor).

2.3.4 Descriptor Selection

The recursive feature elimination (RFE) (Marko Robnik-Sikonja 1997) based on support
vector machines (SVM) method was used in this research as the feature selection method for
selecting molecular descriptors associated to AR antagonist activity. RFE is an iterative
procedure for backward feature elimination, which can be executed in WEKA (Mark Hall 2009),
where the descriptors are normalized by default. The first step of SVM-RFE is to train a SVM
classifier with all the features. Suppose there is a training set, x= (X, Xy, ..., Xj, ..., X,) and y = (yi,

Y2, s Yis ---s¥n)- SVM solves the classification problem by minimizing the following equation:

J = (”2’2-"1-";0“4%(-‘} x; + Ach_,) -
if

2(1, subjectto 0 <@, = C and 2‘1..‘] =0
] i

Where a is the Langrange coefficient, J; is the Kronecker symbol (if i = j and ¢J; = 1,
otherwise 0), 4 and C are two parameters needed to be optimized by SVM. The output of this
solution is o;. The resulting decision function is: f(x) = w-x + b, where w is the weight vector
calculated as w = >’i ayx.. The ranking criterion is the square of the weight, calculated as ¢, =
(w))* for the [ th feature. Then the feature with the smallest cl is removed. For computational
reasons, it may be more efficient to remove several features in each cycle. At the end, all the

features are ranked. The features on the top are the more informative ones.
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2.4 Modeling Methods

In this study, 9 classification methods were used, all implemented through the WEKA software.
In particular, we have utilized k-Nearest Neighbors (kNN) (Kachigan 1991), Local Lazy method
(lazy IB1) (D. Aha 1991), Alternating Decision Tree (ADTree) (Bernhard Pfahringer 2001),
Artificial Neural Network (ANN) (Egmont-Petersen 2002), K-star method (John G. Cleary 1995),
Bagging method (Breiman 1996), as well as LogitBoost (J. Friedman 2000), Decorate (Breiman
2001), and Random Forest(P. Melville 2003).

2.5 Applicability Domain (AD)

The applicability domain (AD) of a QSAR is the physical or chemical, structural or biological
space, knowledge or information on which the training set of the model has been developed, and
for which it is applicable to make predictions for new chemicals. To verify the practical
applicability of our models to chemicals not used in the model development, the model’s AD,
which is a theoretical region defined by the used descriptors in modeling, should be
quantitatively assessed. To investigate the AD of a training set of chemicals, one can directly
analyze properties of the multivariate descriptor space of the training chemicals or more
indirectly via range vectors. The values of each descriptor of training set chemicals are checked
and the range of the very descriptor is determined. When applying to the test set, if a chemical
with all its descriptor values in the range of the values of training set chemicals, then the
prediction of this test chemical is in the chemical space of the model and could be reliable

(Tropsha, Gramatica et al. 2003; Gramatica 2007).

2.6 Chemical Sources and Conformation

Selected chemicals were purchased from established suppliers, including Asinex, Chembridge,
and Sigma. The identity and purity of all chemicals were confirmed by mass spectroscopy (MS)

and liquid chromatography—tandem mass spectrometry (LC—MS/MS).

15



2.7 MTS Assay

The MTS assay is a cell viability assay used to test compounds for their cytotoxicity on cells. In

Dr. Paul Rennie’s lab, the MTS assay is used to rule out any non-specific inhibition of AR

transcriptional activity according to the manufacturer’s protocol (CellTiter 961 Aqueous One

Solution Reagent, Promega), steps are as following:

1)

2)

3)

4)

Seed cells (LNCaP) in RPMI 1640 media supplemented with 10 % CSS at a concentration of
5000 cells per 100 pl in each well. For one compound, seed for 30 wells (3 rows and 10
columns). Seed in rows A to C and columns 2-11. Include a blank control row if needed.
Incubate the cells at 37°C for 24 hours.

Prepare a 2X concentration of the compound. This can be done in a 24 well plate. First,
determine what 2X concentration you will prepare. Prepare the 2X compound solution and

2X DMSO solution as follows:

2X Concentration

450 ul RPMI 1640 + 10% CSS + 450 ul solution 3.) 225 uM.

450 ul RPMI 1640 + 10% CSS + 450 pl solution 5.) 2 12.5 uM.
450 ul RPMI 1640 + 10% CSS + 450 ul solution 6.) 26.25 uM.
1000 ul of CSS + 2 ul DMSO 2 0.2% DMSO
Prepare Casodex and R1881 as follows:

100 ul RPMI 1640 + 10 % CSS + 1 ul (100mM) Casodex 21 mM

1000 ul RPMI 1640 + 10 % CSS + I ul (10uM) R1881 2> 10nM

Now that all the solutions are prepared, take the cells that were seeded the previous day out
of the incubator. Add 100 pl of the 2X compound solution, 2 pl of the casodex solution and 2
ul of the R1881 solution as follows in triplicates. In the row below, add 100 ul of RPMI 1640
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+ 10 % CSS and 100 pl of the compound solution as shown. This will be used as the blank.

Incubate the cells for 72 hours (or 96 hours depending on your experiment) at 37°C.

2 3 4 5 6 7
T 2ul of RISSI
Soln
- 2“‘;’;1;1881 - 2ulof R1881 | - 2ulof RI881 | - 2ulof RI8SI
-2 ulof Soln Soln Soln
Casodex Soln
100 ul CNTRL 100 pl 2100 pl of6.25 | - 100 ulof12.5 | -100 ul of 25
DMSO Soln CNTRL 100 ul
DMSO Soln - u pM Cmpd pM Cmpd pM Cmpd
CNTRL DMSO
Soln
T 2ul of RISSI
Soln
) - 2ulof R1881 | - 2ulof RI881 | - 2ul of R188I
2ul of R1881 “2 ulof Soln Soln Soln
Soln Casodex Soln
1]0)01\/*[%81‘;5? 100 ul 2100 wl of 625 | -100 plof 12.5 | -100 pl of 25
H -100 pl uM Cmpd uM Cmpd uM Cmpd
CNTRL | oNTRL DMSO
DMSO Soln
Soln
T 2ul of RISSI
Soln
) - 2ulof R1881 | - 2ulof RI881 | - 2ul of R188I
2ul of R1881 _2 ulof Soln Soln Soln
Soln Casodex Soln
1]0)01\/*[%81‘;5? 100 ul 2100 wl of 625 | - 100 plof 12.5 | -100 pl of 25
H -100 pl uM Cmpd uM Cmpd uM Cmpd
CNTRL | oNTRL DMSO
DMSO Soln Soln

-100 pl of RPMI
1640 + 10%
CSS

-100 pl of 6.25
uM Cmpd

-100 pl of RPMI
1640 + 10%
CSS

- 100 pl of 12.5
uM Cmpd

-100 pl of RPMI
1640 + 10%
CSS

-100 pl of 25
uM Cmpd
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5) Take the cells out of the incubator and add 20 pl of MTS reagent (found in the fridge in the
cell culture room or the -30°C freezer) into each well. Into any empty well, add 200 pl of
RPMI 1640 media + 10%CSS and also add 20 pl of the MTS reagent. Incubate for 1 hour at
37°C. Read using the TECAN Infinite F500 at 492nm.

2.8 eGFP Cellular Transcription Assay

In the eGFP assay, an LNCaP cell line with a stably transfected androgen responsive
probasin-derived promoter upstream of an eGFP reporter gene (ARR2PB-EGFP) is used. Since
eGFP expression will be regulated by the AR, an increase in fluorescence will also correlate to
an increase in AR induced transcriptional activity. These LN-ARR2PB-EGFP cells are used to
screen small molecules against AR transcriptional activity (Tavassoli, Snoek et al. 2007).
Briefly, stably transfected eGFP-expressing LNCaP human prostate cancer cells (LN-ARR2PB-
eGFP) containing an androgen-responsive probasin-derived promoter (ARR2PB) were grown in
phenol-red-free RPMI 1640 supplemented with 5% CSS. After 5 days, the cells were plated into
a 96-well plate (35000 cells/well) with 0.1 nM R1881 and increasing concentrations (0—100 uM)
of chemical. The cells were incubated for 3 days, and the fluorescence was then measured
(excitation, 485 nm; emission, 535 nm). The viability of these cells has been assayed by the MTS
cell proliferation assay (CellTiter 961 Aqueous One Solution Reagent, Promega) according to

the instructions of the manufacturer.
2.9 Androgen Displacement Assay

Androgen displacement was assessed with the Polar Screen Androgen Receptor
Competitor Green Assay Kit as per the instructions of the manufacturer (www.invitrogen.com).
Kit contains the reagents necessary to perform a competition assay for identification of
Androgen receptor (AR) binding chemicals. The kit uses the rat AR ligand-binding domain
tagged with His and GST [AR-LBD(His-GST)]. AR-LBD(His-GST) is added to a fluorescently-
tagged androgen ligand (Fluormone™AL Green) in the presence of competitor test chemicals in
microwell plates. The presence of effective competitors prevents the formation of a AL Green/

AR-LBD(His-GST) complex resulting in a decrease of the polarization value due to ligand
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displacement caused by a competitor. The shift in polarization value in the presence of test
chemicals is used to determine relative affinity of test chemicals for AR-LBD(His-GST). 1.
Dispense 20 pL 2X Test Chemical in the microwell plate. 2. Add 20 pL 2X AR-LBD (His-
GST)/Fluormone™ AL Green Complex to the same plate and mix. 3. Cover the AR Green Assay
plates to protect the reagents from light. Incubate the AR Green Assay plates at 20-25°C for 4-8
hours. The polarization values vary less than 10% from maximum values if read within this time

period. 4. Measure polarization value of each well.
2.10 Determination of Chemical Purity

Chemical identity and purity of the tested chemicals were confirmed by LC-MS/MS.
Briefly, an Acquity ultra-performance liquid chromatograph (UPLC) with a 2.1 x 100 mm BEH,
1.7 uM, C18 column coupled to a photodiode array (PDA) detector in line with a Quattro
Premier XE (Waters, Milford, MA) was used with water and acetonitrile containing 0.1% formic
acid as mobile phases. A 5-95% acetonitrile gradient from 0.2—10.0 min was used, and 95% was
maintained for 2 min followed by re-equilibration to starting conditions for a total run time of
15.0 min. The MS was run at unit resolution with 3 kV capillary, 120 and 300 °C source and
desolvation temperatures, 50 and 1000 L/h cone and desolvation N, gas flows, and Ar collision
gas set to 7.4-3 mbar. On the basis of the full range of the diode array absorbance (210-800 nm),
the relative purity [AUCCMPD versus area under the curve (AUC) of all other peaks] was
calculated. All chemicals described had a purity of >90-95%.
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3. Results

3.1 Development and Validation of the QSAR Models

3.1.1 Development and Cross Validation of QSAR Models

The WEKA software was used to construct QSAR models for screening for potential AR
antagonists. WEKA is a collection of machine learning algorithms typically used in data mining
studies. In addition, WEKA includes functionalities for data pre-processing, classification,
regression, clustering, association and visualization. It is also well-suited for developing new

machine learning schemes.

To all studied chemicals of Training Set-2, their anti-AR activity values were transformed to the
binary form using ICs;=20uM cutoff value. Anti-AR activity of chemicals from Training Set-1
and External Testing Data Set (Li and Gramatica 2010) was already binary and needed no
transformation. After that three sets of descriptors including DRAGON, INDUCTIVE and MOE
were calculated for all chemicals in the combined set (CS). Consequently, the RFE method
(Marko Robnik-Sikonja 1997) was applied to select the most effective descriptors. All
descriptors with low variance < 0.1) were removed from the following consideration.
Additionally, all correlated descriptors (with the corresponding R > 0.95) have also been

removed.

At the next stage, various machine learning methods were applied here, including k-Nearest
Neighbors (kNN) approach, Local Lazy method (lazy IB1), Alternating Decision Tree (ADTree),
Artificial Neural Network (ANN), K-star method, Bagging method, as well as LogitBoost,
Decorate, and Random Forest to relate the selected QSAR descriptors of compounds to their

binary activity parameters.

In order to test the level of performance that we can expect for this data set using all
available descriptors, QSAR models were built only based on training set 1 (see Table 1), in
order to reproduce similar quality models compared with Li and Gramatica’s models (Li and

Gramatica 2010). Descriptors used in these models are listed in table 2. In this step, models were
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investigated by different number of descriptors, to find an optimized number of descriptors (see
Figure 6). To make sure that the QSAR models are rigorous enough, 10 fold cross validation was
also used. From the results presented in Table 1 it could be concluded that for each modeling
method, descriptors number range from 25 to 30 would give best performance of models with

better AUC values of ROC.

After making sure that all data points are reproducible, the training set 1 and training set 2
were combined and modeled again (Table 3). Such undertaking required another description
section round, and the corresponding selected descriptors are presented in Table 4. As data in
Table 3 indicate, the same conclusion could be achieved - that the optimal number of QSAR
descriptor is in the range of 25-30 parameters (Figure 7). The correlation table of all descriptors
is also listed here, showing that there are no highly correlated descriptors were included (Table
5). The resulting sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV) and Area under the Curve (AUC) of receiver operating characteristic (ROC)
parameters obtained for the training set 1, training set 2 and combined set are presented in the

Appendices section.

Table 1 ROC AUC of different methods based on Training Set 1

Desc. No. | ADTree | ANN | Bagging | Decorate | kNN | Kstar | Lazy-IB1 | Logitboost | RandomForest
15 0.765 | 0.772 | 0.808 0.806 0.79 | 0.799 0.691 0.805 0.794
16 0.765 | 0.754 | 0.805 0.801 0.781 | 0.798 0.694 0.798 0.795
17 0.763 | 0.756 | 0.809 0.794 | 0.782 | 0.793 0.691 0.804 0.806
18 0.781 | 0.758 | 0.814 0.798 | 0.781 | 0.785 0.691 0.81 0.814
19 0.778 0.74 0.826 0.786 | 0.782 | 0.782 0.705 0.799 0.816
20 0.779 | 0.757 | 0.825 0.816 | 0.787 | 0.787 0.692 0.803 0.819
21 0.789 0.77 0.827 0.815 | 0.794 | 0.777 0.691 0.817 0.817
22 0.785 | 0.762 | 0.828 0.812 | 0.796 | 0.782 0.697 0.83 0.821
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Desc. No. | ADTree | ANN | Bagging | Decorate | kNN | Kstar | Lazy-IB1 | Logitboost | RandomForest
23 0.785 | 0.776 | 0.827 0.81 0.806 | 0.785 0.698 0.827 0.834
24 0.778 | 0.771 0.83 0.825 0.81 | 0.782 0.699 0.822 0.822
25 0.78 0.791 | 0.829 0.803 0.808 | 0.778 0.707 0.822 0.84
26 0.771 | 0.766 | 0.822 0.819 | 0.804 | 0.782 0.709 0.817 0.818
27 0.77 0.783 0.83 0.813 0.783 | 0.79 0.707 0.817 0.809
28 0.773 | 0.804 | 0.828 0.82 0.819 | 0.811 0.715 0.817 0.816
29 0.768 | 0.777 | 0.829 0.811 0.824 | 0.802 0.726 0.821 0.832
30 0.783 | 0.825 | 0.832 0.804 | 0.817 | 0.801 0.721 0.818 0.827
best 0.789 | 0.825 | 0.832 0.82 0.824 | 0.811 0.726 0.83 0.84
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0.83
== ADTree
0.81
e ANN
0.79
= Bagging
0.77
Decorate
0.75
e KN N
0.73 e KStar
071 e azy-IB1
0.69 - LogitBoost
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Figure 5 Correlation of AUC and number of descriptors of Training Set 1
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Table 2 Descriptors selected basing on Training Set 1 and their corresponding meanings

Symbol Definition Class
ARR aromatic ratio constitutional descriptors
b double Number of dogble bonds. Aromatic bonds are not D
- considered to be double bonds
BO3[0-0] presence/absence of O - O at topological distance 03 2D binary fingerprints
BO5[N-F] presence/absence of N - F at topological distance 05 2D binary fingerprints
BCUT_SLOGP_2 LogP BCUT (2/3) 2D
BCUT_SLOGP_3 LogP BCUT (3/3) 2D
E_vdw Van der Waals energy i3D
Atomic hardness of an atom
Hardness_of Most _Pos IND

with the most positive charge

IVDE

mean information content on the vertex degree
equality

information indices

JGI6

mean topological charge index of order6

topological charge indices

Largest_Neg_Softness

Largest atomic softness among values for positively

charged atoms IND
lip_violation Lipinski Violation Count 2D
nCb- number of substituted benzene C(sp2) functional group counts
nCconj number of non-aromatic conjugated C(sp2) functional group counts
nDB number of double bonds constitutional descriptors
nN number of Nitrogen atoms constitutional descriptors
NRCONHR number of secondary amides (aliphatic) functional group counts
PCR ratio of multiple path count over path count walk and path counts
PEOE_VSA-5 Total negative 5 vdw surface area 2D
RBF rotatable bond fraction constitutional descriptors
rsynth Synthetic Feasibility 2D
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Symbol Definition Class
SlogP_VSA6 Bin 6 SlogP (0.20, 0.25] 2D
SlogP_VSA7 Bin 7 SlogP (0.25, 0.30] 2D

std_dim3 Standard dimension 3 i3D
Sum Pos Hardness Sum of hardnesses of atoms with positive partial IND
- - charge
Total_Pos_Softness Sum of softnesses of atoms with positive partial IND
charge
vsurf D8 Hydrophobic volume at -1.6 i3D
vsurf_DW12 vsurf EWminl, vsurf EWmin2 distance 3D
vsurf_EWmin2 2nd lowest Hydrophobic energy i3D
vsurf W4 Hydrophilic integy moment at -2.0 i3D
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Figure 6 Correlation of AUC and number of descriptors of Training Set 1 and 2
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Table 3 ROC AUC of different methods based on Combine Set 1

Desc. No. | ADTree | ANN | bagging | Decorate | kNN | Kstar | Lazy-IB1 | Logitboost | RandomForest
15 0.705 | 0.731 | 0.787 0.785 | 0.788 | 0.783 0.711 0.777 0.784
16 0.702 | 0.712 | 0.781 0.787 | 0.787 | 0.779 0.718 0.782 0.799
17 0.71 0.73 0.797 0.789 | 0.793 | 0.785 0.717 0.778 0.802
18 0.695 | 0.745 0.8 0.792 0.8 |0.794 0.722 0.79 0.81
19 0.699 | 0.746 | 0.804 0.799 | 0.798 | 0.79 0.713 0.776 0.809
20 0.703 | 0.746 | 0.808 0.777 | 0.801 | 0.793 0.716 0.781 0.806
21 0.7 0.767 | 0.806 0.776 | 0.804 | 0.796 0.715 0.787 0.802
22 0.705 | 0.759 | 0.807 0.784 | 0.806 | 0.798 0.72 0.794 0.804
23 0.716 | 0.747 | 0.814 0.802 | 0.802 | 0.805 0.717 0.791 0.814
24 0.722 | 0.769 | 0.813 0.812 | 0.806 | 0.807 0.716 0.804 0.812
25 0.715 | 0.737 | 0.811 0.808 | 0.804 | 0.809 0.716 0.807 0.822
26 0.717 | 0.736 | 0.807 0.813 | 0.812 | 0.807 0.712 0.795 0.816
27 0.71 0.754 | 0.823 0.793 | 0.805 | 0.807 0.72 0.807 0.824
28 0.712 | 0.767 | 0.822 0.796 | 0.801 | 0.808 0.711 0.795 0.817
29 0.721 0.75 0.818 0.8 0.803 | 0.809 0.713 0.796 0.813
30 0.724 | 0.752 | 0.818 0.805 | 0.803 | 0.809 0.715 0.802 0.815

best 0.724 | 0.767 | 0.823 0.813 | 0.812 | 0.809 0.722 0.807 0.824

Table 4 Descriptors selected basing on Combine Set 1 and their corresponding meanings

Symbol Definition Class
a_nN Number of nitrogen atoms 2D
ARR aromatic ratio constitutional descriptors
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Symbol Definition Class
Arithmetic mean of softnesses
Average_Softness IND
of all atoms of a molecule
b double Number of dquble bonds. Aromatic bonds are not D
- considered to be double bonds.
BO2[N-O] presence/absence of N - O at topological distance 02 2D binary fingerprints
B02[O-0] presence/absence of O - O at topological distance 02 2D binary fingerprints
B09[C-O] presence/absence of C - O at topological distance 09 2D binary fingerprints
BCUT_SLOGP_0 LogP BCUT (0/3) 2D
BCUT_SMR_0 Molar Refractivity BCUT (0/3) 2D
EEig09r Eigenvalue 09 freosr(;lnz(ril%z ?ﬂé;;gix weighted by edge adjacency indices
ESpmo08d Spectral moment OSdfrom edge adj. matrix weighted by edge adjacency indices
ipole moments
F04[C-C] frequency of C - C at topological distance 04 2D binary fingerprints
FO5[O-F] frequency of O - F at topological distance 05 2D binary fingerprints
GCUT_SLOGP_3 logP GCUT (3/3) 2D
Kier2 Second kappa shape index 2D
MSD mean square distance index (Balaban) topological descriptors
nChb- number of substituted benzene C(sp2) functional group counts
nCconj number of non-aromatic conjugated C(sp2) functional group counts
nDB number of double bonds constitutional descriptors
PCR ratio of multiple path count over path count walk and path counts
PEOE_VSA_PNEG Total polar negative VDW surface area 2D
R7u R autocorrelation of lag 7 / unweighted GETAWAY descriptors
SlogP Log Octanol/Water Partition Coefficient 2D
SMR Molar Refractivity 2D
SRWO05 self-returning walk count of order 05 walk and path counts
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Symbol Definition Class
std_diml Standard dimension 1 i3D
Sum of hardnesses of atoms of a
Sum_Hardness IND
molecule

vsurf A Ampiphilic moment i3D
vsurf CW1 Capacity factor at -0.2 13D
vsurf_IW6 Hydrophilic integy moment at -4.0 i3D
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Table 5 Correlation of selected descriptors

Descriptors order in the table below, each line from left to right and each column from top to bottom, the name of the descriptors are: a_nN, ESpm08d, SRW05, ARR, nCconj, nDB, PCR, BCUT_SMR_0, B02[O-O], b_double, vsurf W6, nCb-, BO2[N-O],

F04[C-C], GCUT_SLOGP_3, vsurf_A, FO5[O-F], MSD, Kier2, vsurf CW1, std_dim1, BCUT_SLOGP_0, SMR, PEOE_VSA_PNEG, Sum_Hardness, R7s+, SlogP, P_VSA_LogP_8, Average Softness, BO9[C-O].
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-0.27

0.63

0.76

0.42

-0.07

-0.22

-0.02

-0.04
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3.1.2 Model Validation with External Testing Set

To validate the performance of the developed models we have used 89 chemical structures that
have also been previously utilized in the reference paper (Li and Gramatica 2010) as unbiased
external set (Table 6). The applicability domain (AD) of the models was validated and not listed
here, for the reason that training set 1 and external testing set were both from reference paper (Li
and Gramatica 2010). The combined set — based QSAR models were selected for further ZINC
database screening, since for each modeling method, the combined set models are slightly better
than training setl models. These models were also performing great on external testing set, and

ready for database screening.

Table 6 Validation on external testing set

. Random
ADTREE | ANN | BAGGING | Decorate | KNN | Kstar | IB1 | Logitboost

Forest

AUC (ROC) 0.78 0.862 0.817 0.79 0.707 | 0.707 | 0.714 0.768 0.732
True Positive

. 0.735 1 0915 0.795 0.807 | 0911 | 0.764 0.765 0.881
Fraction
True Negative

. 0.714 0.793 0.714 0.651 0.714 | 0.857 | 0.857 0.714 0.857
Fraction

Accuracy 0.776 0.809 0.809 0.738 0.708 | 0.719 | 0.685 0.764 0.742

3.2 Screening ZINC Database Using Developed QSAR Models

3.2.1 Virtual Screening and Consensus Voting

With the optimized descriptor number and highest ROC AUC values, nine selected models were
applied to screen ZINC database. Thus, the ZINC database was processed with 9 pre-trained
QSAR models utilizing different mathematical approaches including k-Nearest Neighbors (kNN)
approach, Local Lazy method (lazy IB1), Alternating Decision Tree (ADTree), Artificial Neural
Network (ANN), K-star method, Bagging method, as well as LogitBoost, Decorate, and Random
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Forest. While all those are binary solutions, we have implemented a consensus voting protocol to
evaluate the results. In particular, if a given ZINC entry is predicted as active by one model that
would give a single vote to the entry. The final cumulative vote (with the maximum possible
value of 9) was then used to rank the ZINC database chemicals. On the basis of the cumulative
count, 50 most highly voted molecules were selected for future experimental evaluation (Figure
8). After checking the vendor information on these 50 chemicals, we found out that 39 chemicals

were commercially available. Thus eventually 39 selected chemicals were tested in the wet lab.

From those 39 chemicals, 9 were found to be active and demonstrated significant ability

to displace the fluorescently-tagged androgen ligand Fluormone (www.invitrogen.com) from the

target HBS site.

Figure 7 Workflow of screening process

e CONSENSUS e Hit List

Part-9

Part-10 DHT displacement assay

eGFP assay

Table 7 Top 39 chemicals from screening

ZINC_ID INTERNAL NO. TAG
ZINC00171669 12001 MBO00254
ZINC00488165 12002 9280584
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ZINC_ID INTERNAL NO. TAG
ZINCO00564515 12003 STK661827
ZINC04421403 12004 BAS 00121493
ZINC04488996 12005 BAS 12520097
ZINC04600179 12006 F2679-0167
ZINC12394346 12007 STK350797
ZINC12441512 12008 F5027-0039
ZINC58427578 12009 T6905782
ZINC00155064 12010 05038, LT154595
ZINC58282811 12011 T6821353
ZINC11036200 12012 T5921398
ZINC05921978 12014 ST51005340
ZINC00122320 12015 EN300-12312
ZINC04772847 12016 5340274
ZINC27154492 12017 7396584806
ZINCO04517670 12018 ST51043413
ZINCO01593346 12051 A38800
ZINC00421637 12052 ASN02562486
ZINCO00397781 12053 S696544|ALDRICH
ZINCO01577019 12054 S749818ALDRICH
ZINCO01671287 12055 39311
ZINCO01681528 12056 49676
ZINCO01627374 12057 81910
ZINCO01730845 12058 83329
ZINCO01716374 12059 127682
ZINCO01744320 12060 149906
ZINC01561336 12061 273821
ZINC01571863 12062 317906
ZINC05699716 12063 401483
ZINC01610217 12064 607743
ZINC01629402 12065 645009
ZINCO01680651 12066 STK396447
ZINCI18173676 12067 STK325933
ZINC13658815 12068 STK553158
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ZINC_ID INTERNAL NO. TAG
ZINC00196649 12069 STK835521
ZINC00473218 12070 STK842542
ZINC03722619 12071 STK894533
ZINC00055479 12072 ST51005340

3.2.3 Applicability Domain of QSAR models.

The range of descriptors selected in each model were verified and compared to evaluate the

applicability domain (AD) of the developed models. This procedure estimates the reliability of

predictions for the top-voted 39 chemicals. Values of each descriptor for every top-voted

chemical were checked to fit in the training descriptors value range. From this analysis we could

verify that all of the selected 39 chemicals fell into suitable AD (Table 8), with the percentage of

reliable predictions being 100%.
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INTERNAL NO.
12001
12002
12003
12004
12005
12006
12007
12008
12009
12010
12011
12012
12014
12015
12016
12017
12018
12051
12052
12053
12054
12055
12056
12057

a_nN

S W W

NN

ESpm08d
10.419
10.45
10.434
13.578
11.108
9.402
9.643
11.102
11.143
10914
11.895
12.396
10.189
9.384
12.444
10.875
9.565
9.363
10.021
9.503
9.487
10.069
10.598
10.247

SRWO05

0
20

ARR
0.522
0.682
0.727
0.783
0.5
0.895
0.889
0.5
0.429
0.632
0.25
0.462
0.773
0.889
0.25
0.478
0.941
0.941
0.688
0.706
0.941
0913
0.706
0913

Table 8 Applicability domain

nCconj

S OO o o o o

==l

—_

S O O o o o o o

nDB

- o o O (=T - (=R -]

S O O o o o o o

PCR

1.439
1.52

1.593
1.58

1.384
1.619
1.576
1.406
1.368
1.509
1.238
1.47

1.577
1.579
1.219
1.437
1.634
1.636
1.494
1.442
1.635
1.743
1.442
1.693

BCUT_SMR_0
-2.1933949
-1.9881955
-2.0942636
-2.0333951
-2.2581482
-1.8888065
-1.8972696
-2.4082153
-2.4470885
-2.1816049
-2.489619
-2.31288
22302117
-1.8805335
-2.5238316
-2.5318456
-1.8587706
-1.8908862
-2.0442266
-2.0840466
-1.8915498
-2.1554279
-1.945694
-2.0265048

B02[0-0]

S O O O O O O O O O o o o o o o o o o o o o <o <o

b_double
1

0
0
0

(=R -

(=R -

—_

S O o o o o o o
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INTERNAL NO.
12058
12059
12060
12061
12062
12063
12064
12065
12066
12067
12068
12069
12070
12071
12072
[min, max]

AD range

a_nN

N o O O

1
[0,7.002478]
[0, 10.17758]

ESpm08d
10.221
10.436
10.532
10.056
11.318
10.042
9.657
11.168
9.517
9.954
11.714
10.373
9.99
10.206
10.104
[4,7]
[0, 15]

SRW05
10
10
20

0

10

0

10

0

0

20

0

10

0

10
10
[0.1]
[0, 1]

ARR
0.706
0.727
0.632
0.8
0.462
0.647
0.882
0.571
0.941
0.778
0.6
0.762
0.688
0.647
0.762
[7.32]
[0, 96]

nCconj

0

0
0
0

(=

—_

S o o o o o o

[2.43,2.95]
[1.53,3.87]

nDB

- o o o <

S O

S O O o o o o

[0.045, 7.56]
[0.0062, 11.35]

PCR
1.441
1.594
1.386
1.701
1.374
1.458
1.614
1.435
1.635
1.607
1.444
1.513
1.54

1.441
1.635
[0,4]

[0, 6]

BCUT_SMR_0
-1.9877139
2.0127611
2.2237437
-2.0038741
-2.507344
-2.3942502
-1.9878213
-2.3836102
-1.9599934
-2.2086222
-2.4055121
-2.0670538
-2.0473976
-1.959733
-2.0810037
[0.20,0.32]
[0.14, 0.58]

B02[0-0]
0

—_

S O O O o o o o o o o <o <

[3.75,8.91]
[1.33,28.87]

b_double
0

0
0
0

S O

S O o o o o o

[2.55,2.82]
[2.23,3.35]
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INTERNAL NO.
12001
12002
12003
12004
12005
12006
12007
12008
12009
12010
12011
12012
12014
12015
12016
12017
12018
12051
12052
12053
12054
12055
12056
12057
12058
12059
12060

vsurf_IW6
1.598155
2.339491
5.130027
5.139665
5.090312
3.461679
6.502045
2.394935
2.090391
3.892194
5.258811
3.606653
0
7.002478
1.934856
3.708907
4.208054
6.439365
1.316714
6.022697
5.10546
0
5.923103
0
6.416921
4.661007
0

BO2[N-O]
0

0
0
0

—_

S O

(=R -]

—_

S O O O o o o o o o <

F04[C-C]
20
16
19
26
23
14
15
14
2
17
17
18
24
12
9
18
12
14
13
7
16
29
13
32
13
23
17

GCUT_SLOGP_3
2.661172
2.666071
2.720508
2.722499
2771185
2.507102
2532678
2.623593
2.771605
2.631717
2.754733
2.6804
2.801295
2.509336
2795915
2755433
2.499531
2.576181
2525144
2.45886
2592113
2.774108
2.616901
2.808237
2.5908
2.740037
2.739665

vsurf_A

1.280883
2.076542
5.784112
5.081868
5.779234
4.898636
7.018967
2.091413
1.453843
4.488458
4.612169
3.225651
0.053771
7.560006
2.896147
4.197767
4.984934
6.723872
2.662853
6.149779
5.852851
0.105894
6.290957
0.044572
6.402934
4.160574
6.048038

FO5[O-F]

S O O O O O O O ©O O OO ©O O O W o O O O O o o o o o o

MSD
0.231
0.213
0.233
0.214
0.222
0.27

0.262
0.242
0.227
0.222
0.26

0.212
0.222
0.273
0.206
0.236
0.246
0.254
0.25

0.319
0.242
0.216
0.236
0.21

0.237
0.21

0.234

Kier2
7.050781
6.011719
6.405827
6.011719
7.266436
5.325444
4.704
7.713499
8.34714
5.325444
8.909091
7.709141
5.080078
4.704
6.135866
7.050781
4.107639
4.107639
4.47259
6.07438
4.107639
5.652893
3.7856
5.32526
3.7856
5.080078
3.75

vsurf_CW1
2.584572
2.669958
2.65524
2.592908
2.648235
2.788729
2.77437
2.629717
2.56478
2.685056
2.696892
2.710895
2.631952
2.808223
2.738525
2.556753
2.796486
2.823443
2.737909
2.759996
2.811883
2.613047
2.781679
2.623573
2.80538
2.768719
2.694052
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INTERNAL NO.
12061
12062
12063
12064
12065
12066
12067
12068
12069
12070
12071
12072
[min, max]

AD range

vsurf_IW6
6.855423
5.491642
3.923757
4.671814
4.634628
5.138324
4.910911
3.801468
4.541239
5.106693
4.527382
3.580351
[0,7.00]
[0, 10.18]

BO2[N-O]
0

—_

S O O o o o o o o <

[0,1]
[0, 1]

F04[C-C]
17

27

16

13

25

16

14

24

16

12

8

10
[7.32]
[0, 96]

GCUT_SLOGP_3
2.637182
2.951426
2716727
2.572924
2.871686
2.551488
2.601564
2.862475
2.615733
2.538704
2.427496
2.555679
[2.43,2.95]
[1.53,3.87]

vsurf_A
4.545579
6.23444
4.96823
4.825396
5.586563
5.395039
5.410019
4.935515
5.041495
4.993172
5.258585
4.182735
[0.044, 7.56]
[0.0062, 11.35]

FO5[O-F]

S O O O O o o o o o o <

[0,4]
[0, 6]

MSD
0.236

0.2

0.239
0.249
0.204
0.247
0.234
0.201
0.248
0.251
0.247
0.269
[0.2,0.32]
[0.14, 0.58]

Kier2
5.551021
5.522683
4.107639
4.107639
4.528616
4.107639
4.349113
4.25
6.185494
4.88843
5.104167
6.185494
[3.75,8.91]
[1.33,28.87]

vsurf_CW1
2.741952
2.628407
2.742816
2.820383
2.682172
2.736243
2.771729
2.690836
2.686328
2.735717
2.768139
2.666455
[2.55,2.83]
[2.23,3.35]
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INTERNAL NO.
12001
12002
12003
12004
12005
12006
12007
12008
12009
12010
12011
12012
12014
12015
12016
12017
12018
12051
12052
12053
12054
12055
12056
12057
12058
12059
12060

std_diml
3.064233

3.003884
2.727879
2.458977
2.855061

3461143

3.091494
3.725609
3.812982
2.463798
3.818302
2.403246
3.245081

3.622174
2.936185
3.325085
2.823963
3.058632
2.825107
3.494638
2.724902
3.073021

2.889313
3.014421

2.887466
2.543648
2.468177

BCUT_SLOGP_0
2.46354
2.25389
227818
228183
-2.50557
2.03936
2.32741
-2.75171
-2.77883
2.39411
2.80121
-2.66156
243437
232512
-2.76849
2.79019
2.01245
232297
-2.1935
2.32346
232277
2.38262
2.32796
233422
233152
2.29839
-2.56705

SMR
8.5208
7.33015
7.85098
8.47717
8.60877
6.88438
6.76874
8.25595
9.31765
6.85598
8.3938
8.11652
8.3813
6.60624
6.40636
8.56715
6.09138
6.58664
6.23548
6.70905
6.58664
8.3992
6.71714
8.4088
6.41064
7.37048
6.58417

PEOE_VSA PNEG
10.69009
19.15416
19.67618
0.136891
18.71133
13.45012
6.651119
27.97931
21.07819
11.16614
37.38419
13.70381
0
9.154876
46.14956
19.2495
13.45012
6.651119
13.45012
7.904431
6.651119
0
6.651119
0
6.651119
12.77505
0.136891

Sum_Hardness
105.2599
101.1964
105.8795
103.7781
103.8857
91.88747
91.94083
104.3044
123.9041
92.53198
119.5301
97.39276
100.2329
90.68082
89.31811
108.9394
79.99416
86.89626
85.04195
90.69386
85.80129
107.3506
78.63081
106.2459
78.89175
92.14932
88.48209

R7u

1.163
1.216
0.984

1.193
0.419
0.602
1.038

0.804
1.154
1.111
0.755
0.537
0.891
0.874
0.477
0.323
0.354
0.608
0.566
1.013
0.226
1.197
0.225
0.862
0.518

SlogP
3.75067
2.85412
4.16222
4.839
3.8313
3.6074
3.2127
3.7883
3.1555
3.01174
2.921284
3.782584
5.25636
3.682
3.1834
4.1504
3.0936
3.5752
3.26374
3.9241
3.5752
4.29407
3.829
4.34854
3.49337
3.4804
3.16867

EEig09r
1.444
1.693
1.583

2

1.348
0.839
0.751
1.972
2.098

1.591
1.914
1.833
0.786
1.431
1.715
0.551
0.598
0.288
0.518
0.575
1.884
0.318
1.827
0.414
1.456
1.116

Average_Softness
4.843047
4.670294
4.78199
4.608077
5.058686
4.200919
4.254678
4955214
5.251559
4.567438
5.223744
5.109293
4.766997
4.105644
5.386538
5.16673
4.147219
4.150276
4.401497
4.214244
4.210214
4.72468
4.394992
4.765054
4.363979
4.647207
4.68446

BO9[C-O]

1
0
1

-0 O o o o o o <

S O o o o o o
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INTERNAL NO. std_diml BCUT_SLOGP_0 SMR PEOE_VSA PNEG Sum_Hardness R7u SlogP EEig09r Average_Softness B09[C-O]

12061 3.145925 227519 7.2353 10.69009 96.02877 1.001 3.4052 1.131 4.468616 0
12062 2.274837 -2.81283 8.59775 13.56692 103.9817 1.199 3.46157 1.981 5.495072 0
12063 2.622422 -2.52489 6.19568 7.767541 88.43047 0.58 3.30497 0.573 4.647796 0
12064 2.991527 2.16133 6.19325 7.904431 85.61645 0.514 3.0798 0.505 4243473 0
12065 2.128557 251618 7.10325 13.56692 90.73332 0.673 3.8922 1.616 5.038194 0
12066 2.969321 2.11791 6.3986 5.682576 85.96145 0.393 3.69642 0.577 4229219 0
12067 2347416  -2.59266 6.94308 7.767541 79.51171 0.98 2.97062 0.703 4.88236 0
12068 2287024  -2.5298 7.12536 15.53508 98.45079 0.918 3.4052 0.727 4.941827 0
12069 3.138932 224878 7.33808 12.77505 101.0716 0.714 3.6186 1.494 4.517534 1
12070 2.589224 226586 6.43278 10.2713 80.7755 0.576 3.3696 0.47 4.403164 0
12071 2.582908 229618 6.85344 14.83745 69.35173 0.705 3.7077 0.445 4.569382 0
12072 3.827999  -2.47344 7.59258 10.2713 100.9764 0.523 3.636 1.426 4.56817 1
[min, max] [2.13,3.83]  [-2.81,-2.01] [6.09,9.32] [0, 46.15] [69.35,123.91]  [0.22,1.22] [2.85,5.26]  [0.28,2.10] [4.10, 5.50] [0, 1]
AD range [1.26,7.35] [-3.66,-1.79] [1.28,27.65] [0, 132.90] [0, 295.01] [0, 2.11] [-7.57,11.82] [-1.1,3.65] [0,7.04] [0, 1]
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3.3 Cell-based Testing and in vitro Biochemical Characterization

All 39 molecules selected from ZINC database were purchased from their respective
vendors. In order to demonstrate whether these selected chemicals interfere with the hormone
binding site of the AR they were tested using an androgen displacement assay. After testing, nine
chemicals presenting an ICsy of DHT displacement below 20 uM have been selected and listed in

Table 9.

Next these nine best chemicals went through an additional screening for their ability to
inhibit AR transcriptional activity using a non-destructive, cell-based eGFP screening assay. In
this assay, the expression of eGFP is under the control of an androgen responsive probasin-
derived promoter and thus can correlate with the level of AR activity (Figure 9). Results showed
that all nine chemicals selected from the DHT displacement assay exhibited excellent ICs values

(Table 9).

After this screen, all chemicals were evaluated for their general cytotoxicity using the MTS
assay. Of note compounds VPC-12063 and VPC-12068 were not subjected to MTS assay due to
relatively low displacement ability and high GFP ICs, values. Five of the remaining seven
chemicals demonstrated detectible effect on cell viability and growth when administered at a
concentration-dependent way for over 72 h. Compounds VPC-12007 and VPC-12060 decreased
cell viability in the MTS assay better compared with other chemicals, identified as the most
promising chemicals from all nine hit compounds, as shown in Table 10. In all experimental tests
we have used 25uM concentration of Casodex and 10uM concentration of MDV3100 as the

controls.
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Table 9 Structures and activity profiles of the AR-HBS binders identified from our in silico screening

eGFP DHT
VPC-ID Structure .
1Csp Displacement
\O
HN—N,
7 \
\

2.014 uM 12.29 uM

12002 ©
OH
/O
NH,
12007 2.160 uM 1.84 uM
N
/
NH,
12051 OO 2.804 uM 1.23 uM
OH
12052 ~ 2.838 uM 325 uM
S
CI M
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eGFP DHT
VPC-ID Structure )
1Csg Displacement

a =
12058 4.79 uM 2.024 uM
12060 1.04 uM 3.426 uM

OMe

OMe

12061 N 3.26 yM 3.493 uM
I
/
OH
12063 * 9.35 uM 18.63 uM
OH
OH

12068 16.18 uM 5.163 uM
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DHT displacement assay

12007
12002
12052
12051
12060
12058
12061
12063
12068

+ X O AD> O ¢ «» 1

CDX
MDV

12002
12007
12051
12052
12058
12060
12061
12063
12068

CDX
MDV

¥ + D e «>» B O AQAQXO

Log Scale Concentration

Figure 8 DHT displacement and eGFP assay testing of the identified AR antagonists
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Table 10 MTS testing results of best nine chemicals from screening

Compound

MTS

12007

Cell Growth %

120
100

12007

=¢—LNCaP
=i—PC3

=

Concentration (uLM)

30

12051

Cell Growth %

120

100

80

60

40

20

12051

=¢—LNCaP
=i=PC3

10 15 20
Concentration (uM)

25

30
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Compound

MTS

12052

Cell Growth %

180
160
140
120
100
80
60
40
20

-20

12052

=¢=_NCaP
== PC3

—

) 5 10 15 20 25

Concentration (uM)

30

12058

Cell Growth %

150

100

50

12058

=¢=_NCaP

Concentration (uM)

== PC3
30
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Compound

MTS

12060

Cell Growth %

120
100

12060

=¢=_NCaP
=i=PC3

0 15

Concentration (uM)

30

12061

Cell Growth %

150

100

50

12061

=¢=_NCaP

10 20 25

Concentration (uM)

=@i=PC3
30
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4. Discussions

4.1 Descriptors
4.1.1 Optimized Number of Descriptors of Combined T-1 and T-2

For the most of the modeling approaches we have utilized, it could be concluded that the
optimal number of required QSAR descriptors in in 25-30 range (judged by the corresponding
ROC AUC values). It has also been established that ROC AUC values initially increase with
inclusion of a larger number of descriptors in the models. Then, after reaching a certain number
of utilized descriptors ROC AUC magnitude achieves saturation. Typically, that ‘saturation’
threshold would represent an optimal number of descriptors required to model a particular

dataset.

Our results indicate that Lazy IB1 method reaches the highest ROC AUC magnitude with
the use of only 18 QSAR descriptors. Thus, in view of large scale descriptor computation, it is
the most optimal method. But the difference between the highest and lowest ROC AUC values in
this method is only 1.55%, which means it is relatively stable and less affected by descriptor

number.

Decorate and kNN methods both reach their saturation point at descriptor number 26, these

two methods are excellent according to the evaluation criteria above except Lazy IB1 method.

Bagging, Logitboost and Random Forest method reach highest ROC AUC at the descriptor
number of 27. ANN, Kstar and ADTree reach saturation point with descriptor number 28, 29 and
30 respectively. Comparing difference of highest and lowest ROC AUC of these methods, the

values vary from 3% to 8§%.

By checking the deviation of the optimized ROC AUC and the worst ROC AUC, by
selecting the best descriptor number, the ROC AUC could be increased from 1.5% to 8.0%,

which can produce better prediction accuracy.
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Except for Lazy IB1 method, all the rest methods are generating optimized models with
descriptor number in the range of 25-30. This range is relatively suitable for large scale

computation and screening, which lead to the success of next steps of this project.
4.1.2 Contribution of Descriptors

To access the contribution of each descriptor to a given QSAR model, a ranker of principal
component analysis was applied (see Table 11). The approach ranks attributes by their individual
evaluations, and is used in conjunction with attribute principal component analysis. The principal
component analysis (PCA) (Warmuth and Kuzmin 2008) is a mathematical procedure that uses
orthogonal transformation to convert a set of observations of possibly correlated variables into a
set of values of linearly uncorrelated variables called principal components. The number of
principal components is less than or equal to the number of original variables. A descriptor
ranker is a mapping from instances to rankings (total orders) over biological activity. Thus, given
any instance as an input, a label ranker produces a prediction in the form of a ranking of the

complete set of activities as an output (Hullermeier, Furnkranz et al. 2008).

Table 11 PCA analysis - Eigenvectors

DESCRIPTORS V1 V2 V3 V4 V5 V6 V7 V8
a_nN 0.071 0.0128 0319 0.1461 0.1883 0.4734 0.0031 0.1837
ESpm08d 0.1778 -0.0143 0.0789 -0.1147 0.1079 -0.0665 0.1479 0.4489
SRWO05 0.1422 0.1341 -0.0455 -0.1942 0.0491 0.2201 -0.6094 0.0162
ARR -0.1558 -0.3565 0.1394 -0.0115 -0.0141 0.095 -0.209 0.0861
nCconj 0.095 0.1209 0.0515 0.0313 -0.6285 -0.1162 0.1324 0.1948
nDB 0.1867 0.2099 0.2345 -0.1275 -0.3055 -0.0846 -0.0942 -0.0285
PCR -0.0913 -0.3763 0.2128 0.0207 -0.196 0.0966 -0.163 0.1162
BCUT_SMR_0 -0.2243 -0.1809 0.2405 -0.0907 -0.0855 -0.0881 -0.1135 0.0336
B02[0-0] 0.0621 0.0966 0.2878 -0.1041 0.1798 -0.4331 -0.2074 -0.3836
b_double 0.1851 0.2049 0.1651 -0.1127 -0.3918 -0.0496 -0.0655 0.0918
vsurf IW6 0.0404 0.0161 0.0038 0.5969 0.0114 -0.1748 -0.2766 0.156
nCb- -0.0238 -0.3895 0.1594 0.0151 -0.1434 0.0517 -0.0624 -0.0699
B02[N-O] 0.1022 0.1142 0.2922 0.1334 0.0326 0.4443 -0.0039 -0.1784
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DESCRIPTORS V1 V2 V3 \Z: V5 V6 V7 V8
F04[C-C] 0.239 -0.1407 -0.1975 -0.0509 -0.1523 0.0138 -0.0839 0.1378
GCUT_SLOGP_3 0.2499 -0.0362 -0.2678 -0.0141 -0.066 0.0819 -0.1334 -0.062
vsurf A 0.0253 0.0376 -0.0333 0.5928 0.0013 -0.2371 -0.2428 0.0737
FO5[O-F] 0.0258 0.0445 0.1538 0.3225 -0.2546 0.1945 0.2843 -0.482
MSD 0.252 -0.1384 0.1734 0.0317 0.1375 -0.0994 0.1521 0.0776
Kier2 0.2226 -0.1542 0.1914 0.0296 0.1663 -0.2058 0.2497 0.0736
vsurf CW1 -0.1718 0.2264 0.1274 0.0433 0.0023 0.0602 -0.0509 0.3206
std_dim1 0.2248 -0.1462 0.1705 0.0472 0.0889 -0.0568 0.1471 0.0282
BCUT_SLOGP_0 -0.2103 -0.2183 0.0947 -0.1058 -0.1209 -0.1696 -0.1732 -0.086
SMR 0.2699 -0.196 0.0269 -0.061 0.0036 0.0119 -0.0135 0.0214
PEOE_VSA_PNEG 0.1584 0.1317 0.3284 -0.1416 0.1462 -0.1614 -0.1382 -0.1035
Sum_Hardness 0.2735 -0.1143 -0.0447 0.0331 0.0771 -0.085 0.0806 0.1182
R7u 0.2241 -0.0432 -0.1601 0.0403 0.0349 0.0135 -0.085 -0.0752
SlogP 0.1089 -0.3533 -0.1939 0.0166 -0.1148 -0.0233 0.0268 -0.2199
EEig09r 0.2626 -0.1332 0.0404 -0.0143 -0.063 0.1463 -0.1269 -0.0143
Average Softness 0.2376 0.018 -0.2185 -0.0181 0.0114 0.1026 -0.0985 -0.139
B09[C-0O] 0.2171 0.0629 0.0967 0.0346 0.0376 -0.026 -0.075 -0.0737
Ranked attributes: 0.6395 0.5037 0.4031 0.333 0.2775 0.231 0.1982 0.1682
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DESCRIPTORS V9 V10 Vil V12 Vi3 Vi4 V15 V16
a_nN -0.234 -0.1808 -0.0066 -0.0788 -0.2992 -0.3105 -0.322 0.0254
ESpm08&d 0.4617 0.0679 0.5004 -0.2778 -0.0071 -0.2008 0.1023 -0.02
SRWO05 -0.0232 0.3873 0.1336 0.1352 -0.2871 -0.0656 0.1295 -0.2514
ARR 0.0351 -0.1283 -0.1534 -0.0966 -0.085 -0.0127 0.2769 0.1485
nCconj -0.1437 -0.095 -0.0504 -0.0742 -0.1029 -0.1301 -0.082 0.0558
nDB -0.1233 -0.016 0.0805 0.0239 0.0902 0.0177 -0.0191 0.0079
PCR -0.0001 -0.1847 -0.1571 0.0344 -0.0361 -0.1227 0.1947 0.0974
BCUT_SMR_O -0.014 0.1462 0.0759 -0.1734 -0.1315 0.1908 -0.129 -0.0329
B02[0-0] 0.0401 -0.2448 0.0852 -0.0832 -0.1113 -0.3983 0.0189 0.3194
b_double -0.1416 0.0749 0.0419 0.0569 0.0312 0.056 -0.0286 -0.0278
vsurf_IW6 -0.035 0.0332 0.033 0.0116 0.0366 0.0411 -0.1598 0.1413
nCh- 0.2027 -0.2057 0.1298 0.3567 0.3454 -0.0143 -0.2092 -0.3617
BO2[N-O] -0.1051 0.0695 0.2709 -0.2405 0.4639 0.2786 0.1448 0.2949
Fo4[C-C] 0.1847 -0.1532 -0.0062 -0.0701 0.0132 0.0512 0.2191 0.1686
GCUT_SLOGP_3 0.0964 -0.0569 -0.1089 0.0255 0.0294 0.0204 0.1212 0.1602
vsurf_A -0.0146 0.0363 0.1563 0.0399 0.0656 -0.0169 0.1427 -0.1577
FO5[O-F] 0.4256 0.104 0.0447 0.0245 -0.4297 0.0044 0.1855 -0.1221
MSD -0.063 0.167 -0.0487 0.147 -0.0825 0.1003 -0.0784 -0.0433
Kier2 -0.1426 0.0945 0.0207 0.0218 -0.1136 0.1291 -0.1098 -0.1679
vsurf_CW1 0.4576 0.0244 -0.2568 0.1011 -0.0781 0.2214 -0.2689 0.2713
std_dim1 -0.1502 0.3217 -0.2829 0.153 -0.0535 0.0638 0.2463 0.1953
BCUT_SLOGP_O 0.0416 0.2924 0.0275 -0.2942 -0.1259 0.302 -0.1792 0.0895
SMR -0.0061 -0.0147 0.094 0.082 0.022 -0.0025 -0.0706 0.0076
PEOE_VSA_PNEG 0.1963 -0.2207 -0.0131 0.1887 0.0473 0.3231 0.0038 -0.0545
Sum_Hardness -0.0258 -0.0211 -0.0614 0.0115 -0.1109 0.1481 0.1698 0.1569
R7u -0.1088 -0.4365 -0.0047 -0.4555 -0.2512 0.3839 -0.086 -0.2644
SlogP -0.0233 0.2663 0.2134 -0.1257 0.0528 -0.1665 -0.3356 0.2255
EEig09r 0.1014 0.0135 -0.0851 0.052 0.0011 -0.0609 -0.0612 -0.0679
Average_Softness 0.1519 -0.0564 -0.0258 0.1959 -0.0758 0.0744 -0.4104 0.2922
BO9[C-O] 0.227 0.1958 -0.5606 -0.4466 0.3362 -0.2525 -0.1123 -0.2781
Ranked attributes: 0.1408 0.1197 0.1015 0.0862 0.0733 0.061 0.0518 0.0434
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Table 12 Descriptors ranking according to the best eigenvector (EV%=63.95%)

Descriptor Contributioin_PCA Categary
Sum_Hardness 0.2735 IND

SMR 0.2699 2D

EEig09r 0.2626 edge adjacency indices
MSD 0.252 topological descriptors
GCUT SLOGP 3 0.2499 2D

F04[C-C] 0.239 2D binary fingerprints
Average Softness 0.2376 IND

std_diml 0.2248 13D

R7u 0.2241 GETAWAY descriptors
Kier2 0.2226 2D

B09[C-O] 0.2171 2D binary fingerprints
nDB 0.1867 constitutional descriptors
b _double 0.1851 2D

ESpm08d 0.1778 edge adjacency indices
PEOE VSA PNEG 0.1584 2D

SRWO05 0.1422 walk and path counts
SlogP 0.1089 2D

B02[N-O] 0.1022 2D binary fingerprints
nCconj 0.095 functional group counts
a nN 0.071 2D

B02[O-0] 0.0621 2D binary fingerprints
vsurf ITW6 0.0404 3D

FO5[O-F] 0.0258 2D binary fingerprints
vsurf A 0.0253 13D

nCb- -0.0238 functional group counts
PCR -0.0913 walk and path counts
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Descriptor Contributioin_PCA Categary

ARR -0.1558 constitutional descriptors
vsurf CW1 -0.1718 i3D

BCUT SLOGP_0 -0.2103 2D

BCUT_SMR_0 -0.2243 2D

In table 12, the Sum_ Hardness, SMR and EEig09r descriptors are the most important ones in the

training set, with contribution coefficient over 0.26.

INDUCTIVE category: They quantify the inductive effect of the electronegative atoms in a
molecule. The inductive effect is the effect of the transmission of charge through a chain of
atoms in a molecule by electrostatic induction. Inductive QSAR descriptors derive from free
energy equations for inductive and steric substituents, and have the advantage of capturing the
electronic properties of different chemicals. Sum_ Hardness is Sum of hardnesses of atoms of a
molecule, which is a physical measure of how resistant solid matter is to various kinds of
permanent shape change when a force is applied. Average Softness is also an INDUCTIVE
descriptor, meaning arithmetic mean of softness of all atoms of a molecule. There are only two
INDUCTIVE descriptors selected for the training set, but both of them are contributing greatly to

the accuracy of all the models, ranking 1" and 7™ respectively in table 12.

Topological descriptors category MSD is the only descriptor of topological descriptors. It is
mean square distance index (Balaban), is one of the topological descriptors. The mean square

distance index is calculated from the second order distance distribution moment.

Edge adjacency indices category: EEig09r has a high contribution from edge adjacency indices
weighted by resonance integrals, illustrating the importance of hydrophobicity. ESpm08d is also
an edge adjacency indices descriptor, meaning Spectral moment 08 from edge adj. matrix

weighted by dipole moments.

2D category: SMR is contributing the most in 2D category. It is Molar Refractivity, a measure

of the total polarizability of a mole of a substance and is dependent on the temperature, the index
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of refraction, and the pressure. GCUT SLOGP 3 is logP GCUT (3/3), Kier2 is Second kappa
shape index, b_double is Number of double bonds. Aromatic bonds are not considered to be
double bonds. PEOE VSA PNEG is Total polar negative VDW surface area. SlogP is Log
Octanol/Water Partition Coefficient. a_nN is the number of nitrogen atoms. BCUT SLOGP 0 is
LogP BCUT (0/3). BCUT_SMR 0 is Molar Refractivity BCUT (0/3).

2D binary fingerprints category: F04[C-C] is frequency of C - C at topological distance 04.
B09[C-0] is presence/absence of C - O at topological distance 09. B0O2[N-O] is presence/absence
of N - O at topological distance 02. B02[O-O] is presence/absence of O - O at topological
distance 02. FO5[O-F] is frequency of O - F at topological distance 05.

In the contribution table 12, 2D descriptors rank from top to bottom and scatter randomly,

indicating these descriptors are stable and most important category for the training set.
Constitutional descriptors category: nDB is number of double bonds. ARR is aromatic ratio.

Functional group counts category: nCconj is number of non-aromatic conjugated C(sp2).

nCb- is number of substituted benzene C(sp2).
GETAWAY descriptors category: R7u is R autocorrelation of lag 7 / unweighted.

13D category: std diml is Standard dimension 1. vsurf IW6 is Hydrophilic integy moment at -

4.0. vsurf A is Ampiphilic moment. vsurf CW1 is Capacity factor at -0.2.

Walk and path counts category: SRWO05 ranked the first in association of chemical activities,
with the meaning of self-returning walk count. This descriptor can discriminate among isomers

and structure situations of atoms. PCR is ratio of multiple path count over path count.

Constitutional, functional group counts, GETAWAY, i3D, walk and path counts descriptors are

similar according to model contribution, berried in the middle of contribution table 12.

52



4.1.3 Descriptor Categories

As shown in Figure 10, 2D descriptors constitute 47% of the whole selected descriptor scale,
including 30% 2D descriptors and 17% 2D binary fingerprints. There are in total 14 of 2D
descriptors, leading to a relatively faster calculation, for the reason that 2D descriptors need less

computation resources than other categories.

13D category is the third largest of all. 3D molecular descriptors are classified as "i3D" for
internal coordinate dependent 3D and "x3D" for external coordinate dependent. The energy
descriptors use the MOE potential energy model to calculate energetic quantities from stored 3D
conformations. Most of the energy descriptors belong to the i3D class; that is, they depend on

internal coordinates alone and not on an external reference frame.

INDUCTIVE, cnstitutional descriptors, edge adjacency indices, functional group counts, walk

and path counts are quite similar in quantity, ranging from 6% to 7%.

GETAWAY descriptors and topological descriptors are the least ones in term of percentage.
GETAWAY descriptors calculate the leverage matrix obtained by the centered atomic
coordinates (molecular influence matrix, MIM), and topological descriptors are calculated based

on the molecular graph of a chemical.
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4.2 Modeling Methods

Figure 9 Percentage of each descriptor category

ADTree, ANN, Bagging, Decorate, kNN, Kstar, Lazy-IB1, Logitboost, Random Forest methods

were applied here for the virtual screening of ZINC database.

The training results illustrate that Random Forest, bagging and Logitboost are somewhat better

than other methods, resulting in higher ROC AUC values, what characterizes them as good

binary classifiers. According to the data from Table 13, all classifiers give positive votes for all

seven AR antagonists, except for IB1 which votes negative to chemical 12002. Supporting this,

IB1 has the lowest internal training ROC AUC as 0.726 (Table 2), which makes it the worst

modeling method to generate classifiers.

Table 13 Consensus votes from all nine models

Chemical 12002 | 12007 | 12051 | 12052 | 12058 | 12060 | 12061 | 12063 | 12065
kNN 1 1 1 1 1 1 1 1 1
Lazy-1B1 0 1 1 1 1 1 1 1 1
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Chemical 12002 | 12007 | 12051 | 12052 | 12058 | 12060 | 12061 | 12063 | 12065
ADTree 1 1 1 1 1 1 1 1 1
ANN 1 1 1 1 1 1 1 1 1
Bagging 1 1 1 1 1 1 1 1 1
Decorate 1 1 1 1 1 1 1 1 1
Logitboost 1 1 1 1 1 1 1 1 1
Random forest 1 1 1 1 1 1 1 1 1
Kstar 1 1 1 1 1 1 1 1 1
Consensus votes 8 9 9 9 9 9 9 9 9

4.2.1 Random Forest

Random forest (or random forests) is an ensemble classifier that consists of many decision trees
and which outputs the class that is the mode of the classes output by individual trees. It is one of
the most accurate learning algorithms currently available. As it is illustrated by Figure 7, this
method produces the most highly accurate classifier in this project, and yields ROC AUC value

of 0.84 for the internal training.

In our study, we have set the number of trees to 10, and seed was set to 1. Each tree is
constructed using the following algorithm: 1. Let the number of training cases be N, and the
number of variables in the classifier be M. 2. We are told the number m of input variables to be
used to determine the decision at a node of the tree; m should be much less than M. 3. Choose a
training set for this tree by choosing n times with replacement from all N available training cases
(i.e. take a bootstrap sample). Use the rest of the cases to estimate the error of the tree, by
predicting their classes. 4. For each node of the tree, randomly choose m variables on which to
base the decision at that node. Calculate the best split based on these m variables in the training

set. 5. Each tree is fully grown and not pruned (as may be done in constructing a normal tree
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classifier). For prediction a new sample is pushed down the tree. It is assigned the label of the
training sample in the terminal node it ends up in. This procedure is iterated over all trees in the

ensemble, and the mode vote of all trees is reported as random forest prediction.
4.2.2 Bagging

Bagging predictors is a method for generating multiple versions of a predictor and using
these to get an aggregated predictor. The aggregation averages over the versions when predicting
a numerical outcome and does a plurality vote when predicting a class. The multiple versions are
formed by making bootstrap replicates of the learning set and using these as new learning sets.
Tests on real and simulated data sets using classification and regression trees and subset selection
in linear regression show that bagging can give substantial gains in accuracy. The vital element is
the instability of the prediction method. If perturbing the learning set can cause significant

changes in the predictor constructed, then bagging can improve accuracy.

In this model, the REPTree is used here as the base classification method, its visual tree is
displayed below in Figure 11. The number of iterations is set to be 10 and the seed is 1.
ESpm08d is used as the root node for the first round classification, and a nN and b_double are
the sub-root nodes. And all the descriptors are shown in this tree as a node or a leaf, but for the

ADTree (discussed later) only selected descriptors are used to form the classification tree.

4.2.3 Logitboost

Boosting (Freund & Schapire 1996, Schapire & Singer 1998) is one of the most important
recent developments in classification methodology. The performance of many classification
algorithms often can be dramatically improved by sequentially applying them to reweighted
versions of the input data, and taking a weighted majority vote of the sequence of classifiers
thereby produced. For the two-class problem, boosting can be viewed as an approximation to
additive modeling on the logistic scale using maximum Bernoulli likelihood as a criterion. M5P

classifier and 10 iterations were used here.
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4.2.4 Artificial Neural Network (ANN)

An artificial neural network (ANN), usually called neural network (NN), is a mathematical
model or computational model that is inspired by the structure and/or functional aspects of
biological neural networks. A neural network consists of an interconnected group of artificial
neurons, and it processes information using a connectionist approach to computation. Here the
training times is 1000, hidden layers are 10 and the validation threshold is 20. There are 7
Sigmoid Node in total in this model. In most cases an ANN is an adaptive system that changes
its structure based on external or internal information that flows through the network during the
learning phase. Modern neural networks are non-linear statistical data modeling tools. They are
usually used to model complex relationships between inputs and outputs or to find patterns in

data.
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4.2.5 k-Nearest Neighbors (kNN)

The kNN method is a simple classification method based on local information around each
object. KNN is a nonparametric method where the classification of an object depends on the class
assignments of its k-nearest neighbors, without making any assumptions about the distribution
and the shape of the classes or about the form of class boundaries. The nearness is measured by
an appropriate distance metric called Euclidean distance. In this model, the k value is set to be 5,
and the linear NN search algorithm is applied. The standard kNN method is implemented simply
as follows: (i) calculate distances between each unknown object (u) and all the objects in the
training set; (ii) select a range for k; (ii1) for each k value, the class to which a majority of the k-
nearest training objects belong is assigned to each queryu; (iv) the k value giving the lowest
leave-one-out (LOQO) cross-validation error rate is the optimal and is used for new object

prediction.

4.2.6 Decorate

Decorate (Diverse Ensemble Creation by Oppositional Relabeling of Artificial Training
Examples) is a meta-learner build an effective diverse committee in a simple, straightforward
manner (P. Melville 2003). This is accomplished by adding different randomly constructed
examples to the training set when building new committee members. These artificially
constructed examples are given category labels that disagree with the current decision of the
committee, thereby easily and directly increasing diversity when a new classifier is trained on the
augmented data and added to the committee. In this model the artificial size is 1.0, the desired
number of member classifiers in the Decorate ensemble is 10, and the number of iterations is 10.

J48 is used as the classification method.
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4.2.7 Kstar

K star is an instance-based classifier, which is the class of a test instance is based upon the
class of those training instances similar to it, as determined by some similarity function. It
differs from other instance-based learners in that it uses an entropy-based distance function. It
can calculate the probability of an instance a being in category C by summing the probabilities
from A to each instance that is A member of C. The probabilities for each category are
calculated. The relative probabilities obtained give an estimate of the category distribution at the
point of the instance space represented by A. Most other techniques return a single category as
the result of classification. For ease of comparison here we choose the category with the highest
probability as the classification of the new instance. Alternatives to this include choosing a class
at random using the relative probabilities or returning a normalized probability distribution as the

answer. The global blend number is 20 in this model.

4.2.8 Alternating Decision Tree (ADTree)

Alternating decision trees (ADTree) is a kind of option tree. Option trees differ from
decision trees (such as REPTree mentioned above) in that they contain two types of nodes: a
decision node and a prediction node, while decision trees just contain a decision node. When a
query reaches a decision node, the sign of this node will be assigned to the query, like in the
decision tree. However, when the query reaches a prediction node, it will continue to all the
paths of this node. So in an alternating decision tree, the studied chemical could follow different
branches (multipath). The sign of the sum of all the prediction nodes that is included in a
multipath is the class which the tree associates to the query. One possibility to grow an option
tree is incrementally adding nodes to a decision tree. This is commonly done by using the
boosting algorithm, and the resulted trees are usually called ADTree instead of option trees. The
number of boosting iterations is an important parameter that can be tuned to suit the data set and
the desired complexity—accuracy trade-off, which was set as 10 in this model. The default search

method of exhaustive search (expands all paths) was used in this research (Figure 12).
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Figure 11 ADTree classification nodes

4.2.9 Local Lazy Method (Lazy IB1)

Lazy learners is a memory-instance-based learning technique, which stores the training
objects and does no real work until a prediction is required for an unknown object u. The term
lazy arises because the predictions for the test set chemicals are made without producing a model
a priori on the whole training set. Considering the close neighborhood of a query point according
to a Euclidean distance measure (Farrell, Armone et al. 2011), the activity of the query is
predicted from the activities of the most chemically similar neighbor chemicals in the training
set. Once the nearest training sample has been located, IB1 predicts the same class as the training
sample for u. If several samples qualify as the closest, then the first one found is used. In this
case, it would not give predictions accurate enough. That’s why this method is the worst among

all nine methods used in this project.
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4.3 Identified Chemicals

4.3.1 Cell Line Testing Analysis

DHT displacement assay and eGFP screening assay were used to fast-screening selected
chemicals, and then dose-dependent MTS assays were conducted to evaluate cell survival using
two prostate cell lines, LNCaP and PC3. Six tested chemicals exhibit profound concentration-

dependent suppression of cell survival according to MTS assays (Table 10).

Chemical 12007 is one of the best hits that emerged from the virtual screening. It demonstrates
excellent ICso in both DHT displacement assay and eGFP assay, with the corresponding values of
2.16uM and 1.84uM respectively. Chemical 12007 is not a potent suppressor according of the
cell growth, and decreases cell survival gently and in a concentration dependent manner. It’s a
good sign for a potential drug candidate, meaning that it stops cancer cell growth, while

exhibiting low general cytotoxicity. .

Chemical 12060 is another promising candidate. Its DHT displacement assay ICspis 1.04 uM
which is the lowest among all tested compounds. The ICs established for the compound by the
eGFP screen was 3.42 uM which is also very encouraging. The MTS test results indicate that it
suppresses LNCaP and MDV3100-resistant LNCaP cells in a similar way as chemical 12007,
and demonstrates the overall potency similar to Casodex and MDV3100. Chemical 12060 owns
two chiral carbon atoms, and is structurally symmetrical except for one nitrogen atom forming an
indole-like structure of one half of the chemical. Derivatives of this compound could be

developed by adding various functional groups to the benzyl rings.

Chemicals 12002, 12051 and 12052 demonstrated modest inhibition of cell growth. Besides,
their general structure is relatively simple and common compared to with 12007 and 12060,

which sets certain limit to their further investigation.
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Chemicals 12058 and 12061 showed tremendous suppression effect on PC3 cells, indicating
their generic toxicity is very high and is not AR specific. This is possibly due to off-target effects

which cannot be ruled out at this stage.

Moreover, chemicals 12007 and 12051 the MTS fluorescence is stronger in 50 uM and 100 uM
concentrations testing, for the possible reason that these two chemicals could have auto-

fluorescence dependent with chemical concentration.

4.3.2 Docking Poses Analysis

After identifying the best initial hits from the selected chemicals, the corresponding molecules
were checked for their possible binding mode to the AR. The AR crystal structure 3L3X (Zhou,
Suino-Powell et al. 2010) from the Protein Data Bank was prepared for docking using Maestro
suite (Maestro 2011). Docking poses are listed in table 14. Seven of all nine selected chemicals
form strong interactions with the pocket amino acid residues of the receptors, especially T877
and N705, which is crucial for the binding of these antagonists according to the docking results

we got.

The androgen binding pocket of the AR is mainly composed of hydrophobic residues that can
form strong non-polar interactions with androgenic steroids such as testosterone and DHT. The
protein-ligand anchoring can be additionally stabilized by a network of hydrogen bonds
involving R752, Q711, N705 and T877 polar residues. The interactions between the AR and its
steroidal and non-steroidal agonists have been extensively discussed (He, Gampe et al. 2004; De
Jesus-Tran, Cote et al. 2006). Combined with the observation that residues forming the AR HBS
are remarkably flexible, and can adjust to ligands of various sizes (Bohl, Wu et al. 2008).
Previous reports indicated that mutation of W741 to leucine or cysteine will generate additional
space in the ABS that allows accommodation of the bulky phenyl ring of bicalutamide and
converts its antagonist activity on the AR into an agonist that stimulates transcriptional activity
and cancer growth. Similarly, a well-documented agonist-converting T877A mutation was found

in the AR present in LNCaP cells(Hara, Miyazaki et al. 2003).
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It has been simulated by docking that binding of 12007, 12051, 12052, 12058 and 12063 to the
AR LBD occurs at the N705 residue, which is away from the possible mutation residues
mentioned above, and therefore a mutation here is not likely to have an effect on the chemical’s

activity.

Similarly, a well-documented agonist-converting T877A mutation, as found in the AR present in
LNCaP cells, could possibly influence binding of chemical 12002, 12052 and 12063 to this site,
as these chemicals form critical contacts with T877 or its mutant(s) as flutamide analogues (Hara,
Miyazaki et al. 2003). In support of this, chemicals 12002, 12052 and 12063, didn’t demonstrate
effective inhibition of the LNCaP cell line (Table 9). eGFP ICsy of 12002 and 12063 is more than

two times as their DHT displacement ICsy.

12060 and 12068 form hydrogen bonds at Leu704, which is a residue with almost no report of
mutations. Both these two chemicals have chiral carbon atoms, and it’s possible that chiral

carbons have a favor for Leu704. 12061 form no strong interactions with residues.
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Table 14 Interactions of AR and identified AR antagonists

Chemical Docking result - interactions
12002
780
----------
12007
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Chemical Docking result - interactions

12068

4.4. Future Directions

In the future, we will focus on the most promising hit compounds 12007 and 12060
identified. The compounds could be subjected to Med Chem optimization to develop synthetic
derivatives with improved bioavailability, half-life time, toxicity and permeability among other

properties relevant for a good drug candidate.
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Such improved compounds would then undergo experimental evaluation in mice to see whether
it can influence tumor growth and survival. If successful, such compounds would represent good

candidates for pre-clinical evaluation and eventually clinical trials.
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5. Conclusion

In this study, an effective QSAR pipeline was developed and proved to be capable of identifying
new AR antagonists from a large public collection of purchasable chemicals. In particular, we
have utilized DRAGON, INDUCTIVE and MOE QSAR descriptors to create various binary

models on anti-AR activity.

When the developed QSAR solutions were utilized to screen more than 2 M chemicals from the
ZINC database, we could identify 39 candidate compounds. When tested within the DHT
displacement assay, 9 chemicals demonstrated efficient low-micromole level of activity. Of
those, 9 compounds later exhibited ability to inhibit AR in the eGFP transcriptional assay with
the corresponding ICsy values established in 1.04-16.18uM range. Notably, 5 discovered
chemicals demonstrated concentration-dependent suppression of survival of LNCaP prostate
cancer cell lines. Chemicals 12007 and 12060 demonstrated the lowest ICsq from DHT
displacement assay and eGFP assay, and effectively decreased cell viability in the MTS assay,

what allowed us to characterize them as our lead compounds.

The results of this study set a ground for the development of an entire novel chemicals class of
AR antagonists that are distinct for the currently marketed drugs such as Nitalutamide,
Flutomide, Cassodex, and MDV3100 which all share significant structural similarity. The
preliminary SAR information obtained around their analogues may serve as a useful basis for the
development of an entirely new class of drugs for treating anti-androgen resistant prostate

cancer.
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2. Training set chemicals
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4. Positive predictive value (PPV), Negative Predictive Value (NPV), sensitivity,
specificity, concordance, ROC AUC of all training sets

4.1 Training Set 1 (T1)
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1. Screening Top-scored 39 Chemicals

INTERNAL ID ZINC_ID SMILES
12001 ZINC00171669 COclec2e(cc1OC)C(=NCC2)c3cecce(c3)Cl
12002 ZINC00488165 Cclee([nH]n1)c2c(c(c3¢(c20C)cco3)0C)0
12003 ZINC00564515 Cclc(c2cccee2nlCe3ecccc3F)CO
12004 ZINC04421403 clcee(ecl)[S+]2c3ccccc3Ncdc2ececd
12005 ZINC04488996 COclec2e(c(c1)OC)[C@H](CC(=0)N2)c3cce(cc3)Cl
12006 ZINC04600179 clcec2e(cl)eec(n2)e3cec(ec3)O
12007 ZINC12394346 clcec2ce(cl)cen2c3cecc(ce3)N
12008 ZINC12441512 cleec(cc])[C@@H]2CN(CCO2)C(=0)c3c(ceecc3CHF
12009 ZINC58427578 C[C@H]ICN(C[C@@H](O1)c2cceec2)C(=0)c3ccecdc30CCO4
12010 ZINC00155064 clcec2e(c1)CCe3cccec3C2=NO
12011 ZINC58282811 CCN(CC)C(=O)CICCN(CC1)c2c(cc(cc2F)CHN)F
12012 ZINC11036200 cleee2e(cl)C(=O)N([C@H](N2)c3ccec(c3)CHN)CC(F)(F)F
12014 ZINC05921978 Cclc2ccecec2[st]c-3c1CCc4c3ccccd
12015 ZINC00122320 cleec2e(cl)ec(02)c3cec(ce3)N
12016 ZINC04772847 CICC[C@H]2[C@H](C1)N(C(N20)c3c(c(c(c(c3F)F)F)F)F)O
12017 ZINC27154492 CC[C@@H]1CCCN(C1)C(=0)c2cce(c3c2neee3)Cl
12018 ZINC04517670 cleec2e(cl)ec3eecc(c3n2)O
12051 ZINC01593346 clcec2ec3ec(cec3ec2el)N
12052 ZINC00421637 Cclee(c2e(cl)ec(c(n2)CHCO)C
12053 ZINC00397781 clec(cecICNe2ceee(cc2)ClO
12054 ZINCO01577019 cleec2e(cl)ecc3c2ec(ce3)N
12055 ZINC01671287 CCclc2cec3ccccc3c2e[n+]4clccccd
12056 ZINC01681528 cleec2e(cl)-c3cec(cc3[C@@H]2Br)N
12057 ZINC01627374 Cclc2cccec2e(c3clec[nt]4c3ceccd)C
12058 ZINC01730845 clcee-2¢(c1)Cc3c2c(cc(c3)N)CI
12059 ZINC01716374 clcec2e(cl)ce(c3c2c4c(cc3)OC04)CO
12060 ZINC01744320 cleec2e(c])C[C@@H]3[C@H]2c4ccecccd4N3
12061 ZINCO01561336 COclcce2ec3eence3ec2c1 OC
12062 ZINC01571863 cleee2e(c])CC[C@HIBN2[C@@H]4c5cceceSC(=0)N4CC3
12063 ZINC05699716 clcec2e(cl)ece3c2CCC[C@@H]30
12064 ZINC01610217 clcec2e(cl)cec3e2[nH]c(e3)CO
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INTERNAL ID ZINC_ID SMILES
12065 ZINC01629402 cleee2e(c)[C@H]3CC[C@@H]2C(=0)c4c3ccecd
12066 ZINCO01680651 Cclecc2c3ceecc3cec2nl
12067 ZINC18173676 Ccl[n+](c2c3cesc3cec2s1)CCO
12068 ZINC13658815 C[C@]1(c2ccecc2-c3cecee3[C@]1(C)O)O
12069 ZINC00196649 COclcec2e(cl)e(co2)[Ca@@H](c3cccee3)O
12070 ZINC00473218 COclccc2ec(cec2¢1CO)Br
12071 ZINC03722619 COclc(ce(cc1Cl)Cl)c2esc(n2)N
12072 ZINC00055479 C[n+]1c2cccec2sc1COc3cccec30

2. Training Set 1 and Training Set 2 Chemicals

Trainingset-1 Smiles activity Training set-2 Smiles activity
1 FC(F)(F)clcc(Nc2ccecc20)eccIN(0)O 1 1 0=C1CCC2=C3C(CACC[C@H](O)[C@]4(C[C@@H]3CCCCC)C)CCC2= 1
Cl
2 0(C)clec(ccc10C)\C=C\C(=0)\C=C(/0)\C=C\c1lcc(OC)c(OC)ccl 1 2 0=C1CCC2=C3C(C4CC[C@H](0)[C@]4(C[C@ @H]3CCCCCCCCCCCC 1
)C)CCC2=C1
3 0(C)clec(cce10C)\C=C\C(=0)CC(=0)\C=C\c1lcc(0C)c(OC)ccl 1 3 0=C1CCC=2C(=C1)CCC1C3CC[C@H](0)[C@]3(CCC1=2)C 1
4 0(CC(0C)=0)clec(ccc10C)\C=C\C(\0)=C\C(=0)\C=C\c1cc(OC)c(OCC( 1 4 FC(F)(F)clec(ncc1CHN)N(CC1CC1)CCC 1
0C)=C)ccl
5 0(CC(0C)=0)clec(ccc10C)\C=C\C(=0)CC(=0)\C=C\c1cc(OC)c(0CC(OC 1 5 0=C1CCC2=C3C(C4CC[C@H](0)[C@]4(C[C@ @H]3CCCCCCCC)C)CC 1
)=C)ccl c2=C1

6 0(C)clec(ccc10)\C=C\C(=0)\C(=C(/0)\C=C\c1cc(0C)c(0)cc1)\CCC(O) 1 6 FC(F)(F)C1=CC(Oc2c1cc1CCC(Nc1c2)(C)C)=0 1
=0

7 0O(C)clec(ccc10)\C=C\C(=0)C(CCC(0)=0)C(=0)\C=C\c1cc(OC)c(O)ccl 1 7 Clclce2nc([nH]c2cclCl)C(O)(C(C)C)C(F)(F)F 1

8 0(C)clec(cec10)\C=C\C(=0)\C(=C(/O)\C=C\c1cc(0)c(O)cc1)\CCC(OCC 1 8 0=C1CCC2=C3C(CACC[C@H](0)[C@]4(C[C@@H]3CC)C)CCC2=C1 1
)=0

9 0O(C)clec(cecc10)\C=C\C(=0)C(CCC(OCC)=0)C(=0)\C=C\clcc(OC)c(0)c 1 9 FC(F)(F)clcc(ncclC#N)N(CCCC)C 1
cl

10 0(C)clec(cce10C)C(=0)\C=C(/0)\c1cc(OC)c(0C)ccl 1 10 0=C1CC[C@]2([C@ @H]3[C@@H]([C@H]ACC[C@@H](0)[C@@]4 1

(CC3)C)ccc2=C1)C
11 01c2cc(CCCC(=0)CCCe3ecle(0)cc3)cec20 1 11 CIC=1C2=CC(=0)[C@H]3C(C3)[C@@]2(C2C(C=1)C1CC[C@](OC(=0 1
)C)(C(=0)C)[C@]1(CC2)C)C
12 S(CC(0)(C(=0)Nclec(C(F)(F)F)c(ccl)CHN)C)clece(N)ecl 1 12 0=C1CCC2=C3[C@ @H]([C@@H]ACC[C@](0)(CHCC)[C@]4(C[C@ 1
@H]3c3cce(N(C)C)ce3)C)CCC2=C1
13 S(CC(O)(C(=0)Nclec(C(F)(F)F)c(N(O)O)cc1)C)clece(N)ecl 1 13 0O=C1N(c2c3c(ccee3)c([N+](=0)[0- 1
1)cc2)C(=0)[C@@H]2[C@H]1C1CC2C=C1
14 S(CC(0)(C(=0)NcLce(C(F)(F)F)c(N(0)O)ccl)C)clecc(NS(=0)(=0)C)ccl 1 14 FC(F)(F)c1cc(N2C(=0)C(NC2=0)(C)C)ccc1CHN 1
15 S(=0)(=0)(CC(0)(C(=0)Nc1ce(C(F)(F)F)c(N(0)0)ccl)C)clecc(NS(=0)(= 1 15 0=C1CCC2=C3[C@H]([C@ @H]4CC[C@@](OC)(COC)[C@]4(C[C@ 1

0)C)ccl

@H]3c3cec(cc3)\C=N\0)C)CCC2=C1
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Trainingset-1 Smiles activity Training set-2 Smiles activity
16 S(=0)(=0)(CC(0)(C(=0)Nclcc(C(F)(F)F)c(N(0)O)cc1)C)cleec(NC(C(F)(F 1 16 0=C1CC[C@@]2([C@@H]3C([C@@H]4CC[C@@](C(=0)C)(CC(=0) 1
)F)=C)ccl C)[C@]4(CC3)C)C[C@@H](C2=C1)C)C
17 FC(F)(F)clcee(NC(=0)C(0)(C)C)ecl 0 17 0=C1CC[C@ @]2([C@@H]3[C@H]([C@@H]4CC[C@](OC(=0)C)(C( 0
=0)C)[C@]4(CC3)C)C[C@ @H](C2=C1)C)C

18 S(CC(O)(C(=0)Nclcc(C(F)(F)F)c(ccl)C#N)C)cleece(NC(=0)C)ecl 1 18 Clclce2nc([nH]c2cc1Cl)C(O)(C=C)C(F)(F)F 1

19 S(=0)(=0)(CC(O)(C(=0)Nclcc(C(F)(F)F)c(ccl)CH#N)C)cleec(NC(=0)C)ec 1 19 FC(F)(F)clcc(N2C(=0)[C@H]3[C@H](C4(OC3(CC4)C)C)C2=0)ccclC 1
1 #N

20 S(CC(O)(C(=0)Nclcc(C(F)(F)F)c(ccl)C#N)C)cleecc(NC(=0)CC)ecl 1 20 FC(F)(F)clcc(ncc1CHN)N(C(CC)C)C 1

21 CICC(=0)Nclcce(S(=0)(=0)CC(0)(C(=0)Nc2cc(C(F)(F)F)c(cc2)CH#N)C)cc 1 21 Ic1cc(N2C(=0)[C@H]3[C@H](C4(OC3(CC4)C)C)C2=0)ccclCHN 1
1

22 S(CC(0)(C(=0)Nclcc(C(F)(F)F)c(N(0)O)cc1)C)cleec(NC(=0)C)ecl 1 22 0=C1CCC2=C3C(CACC[C@](OCHCC)(O)[C@]4(C[C@@H]3c3ccc(N( 1

C)C)cc3)C)CCC2=C1
23 $(=0)(=0)(CC(0)(C(=0)Nclcc(C(F)(F)F)c(N(0)O)ccl)C)cleec(NC(=0)C) 1 23 0=C1CC[C@@]2(C3C(CACC[C@H](O)[C@]4(CC3)C)CCC2=C1)C=C 1
ccl
24 CICC(=0)Nclcee(SCC(O)(C(=0)Nec2ec(C(F)(F)F)c(N(0)O)cc2)C)ecl 1 24 0=C1CC[C@@]2([C@@H]3[C@H]([C@@H]4CC[C@H](O)[C@]4(C 1
C3)C)CCC2=C1)C=C
25 CICC(=0)Nc1cec(S(=0)(=0)CC(O)(C(=0)Nc2cc(C(F)(F)F)c(N(O)O)cc2)C) 1 25 FC(F)(F)c1lcc(N2C(=0)C(NC2=0)(C)C)ccc1[N+](=0)[O-] 1
ccl

26 S(CC(O)(C(=0)Nclecc(C(F)(F)F)c(N(0O)O)ccl)C(F)(F)F)clcecc(NC(=0)C)cc 1 26 FC(F)(F)clcc(nc2clecc1CCC(Nc1c2)(C)C)C#N 1
1

27 CICC(=0)Nclcec(SCC(0)(C(=0)Nc2cc(C(F)(F)F)c(N(O)O)cc2)C(F)(F)F)cc 1 27 Clclcceccl-clec(C(F)(F)F)c(ccl)CHN 1
1

28 CICC(=0)Nc1cec(S(=0)(=0)CC(O)(C(=0)Nc2cc(C(F)(F)F)c(N(O)O)cc2)C( 1 28 FC(F)(F)clcc(Oc2c(ccecc2C)C)cecc1CHN 1

F)(F)F)ccl

29 S(CC(O)(C(=0)Nclec(C(F)(F)F)c(N(0)O)cc1)C)cleecc(NC(=0)C(F)(F)F)cc 1 29 Iclcc(N2C(=0)[C@ @H]3[C@@H](C4(OC3(C)[C@@H](0)C4)C)C2= 1
1 0O)ccc1CHN

30 S(CC(0)(C(Nclcc2C=CC(0c2ccl)=0)=C)C)clccc(F)ccl 0 30 0=C1N(c2cc(C)c(cc2)C)C(=0)[C@@H]2[C@H]1C1CC2C=C1 0

31 S(CC(0)(C(Nc1cc20C(=0)C=C(c2cc1)C(F)(F)F)=C)C)clccc(NC(=0)C)ccl 0 31 FC(F)(F)clcccecl-clec(C(F)(F)F)c(ccl)C#N 0

32 BrCC(O)(C(Nclcc2C=CC(Oc2cc1)=0)=C)C 0 32 FC(F)(F)clcc(N2C(=0)[C@H]3[C@H](C4(OC3(CC4)C)C)C2=0)cccl| 0

N+](=0)[0-]
33 S=CINC(C)C(=0)N1clcc2C=CC(Oc2ccl)=0 0 33 FC(F)(F)clcc(O)nc2clcclCC[C@H](Nclc2)CC 0
34 S=CINC(C)C(=0)N1c1cc20C(=0)C=C(c2cc1)C(F)(F)F 0 34 F\C=C/[C@ @]12C3C(CACC[C@H](O)[C@]4(CC3)C)CC=C1C[C@@H 0
]J(0)cc2
35 S=CINC(C)(C)C(=0)N1clcc20C(=0)C=C(c2cc1)C(F)(F)F 0 35 FC(F)(F)clcc(N2C(=0)[C@H]3[C@H](CACC3CC4)C2=0)cccl[N+](= 0
0)[0-]

36 1c1c20C(=0)C=C(c2cccIN1C(=0)C(NC1=S)(C)C)C(F)(F)F 0 36 FC(F)(F)C1=CC(=0)NC2C1C=C1CCC(NC1=C2)CC 0

37 C1CC(c2c(ccec2)Cc1(C)C)(C)C 0 37 FC(F)(F)clcc(ccclC#N)-c1c(OC)cccc10C 0

38 0=C(C)clec2c(ccl)C(CCC2(C)C)(C)C 1 38 FC(F)(F)c1c(0)c(NC(=0)C(C)C)cccl[N+](=0)[0-] 1

39 0=C(C)clcc2c(cc1CC)C(CCC2(C)C)(C)C 1 39 FC(F)(F)c1cc(NC(=0)C(0)(C)C)cccl[N+](=0)[0-] 1

40 0=C1C(C)C(c2c¢(ccec2)C1(C)C)(C)C 0 40 O[C@H]1CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(=CC3)[ 0

C@@H](CC=C)[C@@H](0)CC1)C=C
41 Oclcc2c(ccl)C(Ccc2(c)c)(c)C 1 41 S=C1N(C(=0)C(N1C)(C)C)clcc(C(F)(F)F)c(ccl)CEN 1
42 0(C(=0)C)clec2c(ccl)C(CCC2(C)C)(C)C 1 42 FC(F)(F)clcc(N2C(=0)C(N(CCCCO)C2=0)(C)C)ccclCHN 1
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Trainingset-1 Smiles activity Training set-2 Smiles activity
43 Oclcc2c(c(C)c1C)C(CCC2(C)C)(C)C 1 43 Clclcc(N2C(=0)[C@H]3[C@H](C4(OC3(CC4)C)C)C2=0)cc(Cl)cl 1
44 0(C)clec(c2¢(c1)C(CCC2(C)C)(C)C)C(=0)C 1 44 [SnH2]1N=C2C(=CC=C(N3C(=0)[C@H]4[C@H](C5(0OC4(CC5)C)C)C3 1
=0)[C-]12)C#N
45 Oclcc2c(cclC)C(C)(C)Cc(cc2(C)C)C 1 45 Clclcc2nc([nH]c2cc1Cl)C(O)(C(F)(F)F)CSCC 1
46 Oclcc2c(cclC)C(CCC2(C)C)(C)C 1 46 FC(F)(F)C1=CC(=0)N(c2c1lcc1CCC(N(c1c2)C)(C)C)C 1
47 Oclec(c2¢(c1)C(CCC2(C)C)(C)C)C 1 47 Iclcc(N2C(=0)[C@H]3[C@H](C4(OC3(C)[C@H](0)C4)C)C2=0)cccl 1
CH#N
48 0C1Cc2c(cccec2)C(C)(C)C1C 1 48 S(C)clec(N2C(=0)[C@H]3[C@H](C4(OC3(CC4)C)C)C2=0)cccl1CHN 1
49 0O(C(=0)C)clec2c(cclC)C(CCC2(C)C)(C)C 1 49 Oclcc2CC[C@H]3[C@@H]4CC[C@H](O)[C@]4(CC[C@@H]3c2ccl 1
)C
50 O(CC(C)clec2c(cc1)C(C)(C)C(C)c2(C)C)C 1 50 Br\C=C/[C@@]12C3C(CACC[C@H](O)[C@]4(CC3)C)CC=CIC[C@@ 1
H](0)cc2
51 0=C1CC(c2clcclc(c2)C(C)(C)c(c)cL(c)c)(c)C 1 51 FC(F)(F)C1=CC(=0)N(c2clcclc(NCCC1CC)c2)C 1
52 0O=Cclcc2c(ccl)C(C)(C)C(C)Cc2(C)C 1 52 FC(F)(F)clcc(Oc2cccecc2CC)ecc1CHN 1
53 0=Cclcc2c(cc1C)C(C)(C)C(C)Cc2(C)C 1 53 FC(F)(F)clcc(ncclCHN)N([C@H](C)cleccecl)C 1
54 0=C(C)clcc2c(cc1C)C(C)(C)C(C)C2(C)C 1 54 01C2([C@@H]3[C@H](C1(CC2)C)C(=0)N(clcc(OC)c(ccl)- 1
clocncl)C3=0)C
55 0=C1c2c(c3c(cc2C)C(C)(C)Cc(C)c3(C)Cc)ccl 1 55 S(C(C)C)clcc(C(F)(F)F)c(ccl)CHN 1
56 0=C1CCc2clcclc(c2)C(C)(C)c(C)cL(C)C 1 56 S(clccecec10C)clec(OC)c(ccl)CH#N 1
57 0=C1c2c(CC1Cclccececl)ccec2 1 57 FC(F)(F)clcc(O)nc2clcclc(NC(CC1C)(C)C)c2C 1
58 0=C1c2¢(CC1C(C)C)ccec2 1 58 Fclnc2c(cc3CCC(Nc3c2)(C)C)c(c1)C(F)(F)F 1
59 0=C1c2c(ccec2)C(C)(C)C1C 1 59 ClC=1C2=CC(=0)[C@H]3[C@H](C3)[C@@]2(C2C(C=1)C1CC[C@](O 1
C(=0)C)(C(=0)C)[C@]1(CC2)C)C
60 01CC(c2c(C1)cclc(c2)C(C)(C)c(Cc)cL(c)c)C 1 60 FC(F)(F)clcc(O)nc2clcc1CCC(Nc1c2)(CC)C 1
61 01CC(c2c(C1)cclc(c2)C(C)(C)c(C)ca(c)c)ce 1 61 FC(F)(F)clcc(O)nc2clcclc(NC(C=C1C)(C)C)c2C 1
62 01CC(c2c(c3c(cc2C)C(CC3(C)c)(C)C)cL)C 1 62 S(CCC)clec(C(F)(F)F)c(ccl)C#N 1
63 01CC(c2¢(C1)cclc(c2)C(CCL(C)C)(C(C)C)C)C 0 63 FC(F)(F)C1=CC(=0)N(c2c1cc1CCC(N(c1c2)C)(CC)C)C 0
64 01CC(c2c(cc3c(c2)C(C)(C)c(Cc)c3(c)c)cic)c 1 64 FC(F)(F)clcc(O)nc2clcclCC(C)(C)[C@H](Nclc2)C 1
65 01Cc2¢(CC1C)cclc(c2)C(C)(C)Cc(C)cL(c)C 1 65 O(clccecclC)elec(OC)c(ccl)CHN 1
66 FC(F)(F)C1=CC(=0)Nc2clcc1CCC(Nclc2)CC 1 66 FC(F)(F)clcc(O)nc2clcclCC[C@H](Nc1c2)C(C)C 1
67 FC(F)(F)C1=CC(=0)Nc2c1cc1CCC(Nc1c2)C(C)C 1 67 FC(F)(F)C1=CC(=0)NC2C1C=C(N)C=C2 1
68 FC(F)(F)C1=CC(=0)Nc2c1cclCC(C)C(Nclc2)C 1 68 FC(F)(F)clcc(O)nc2clec(N)cc2 1
69 FC(F)(F)C1=CC(=0)Nc2c1cc1CC(C)(C)C(Nclc2)C 1 69 FC(F)(F)clcc(O)nc2clccl[C@@H]3[C@H](Nclc2)C(CCC3)(C)C 1
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Trainingset-1 Smiles activity Training set-2 Smiles activity
70 FC(F)(F)C1=CC(=0)Nc2c1cc1CC(C)(C)C(Nclc2)CC 1 70 FC(F)(F)clcc(O)nc2cleclc(NC(CC1C)(C)C)c2 1
71 FC(F)(F)C1=CC(=0)Nc2c1cc1CC(CC)(CC)C(Nclc2)CC 1 71 FC(F)(F)clcc(ccc1C#N)C1CCCCC10 1
72 FC(F)(F)C1=CC(=0)Nc2c1cc1CC(C(C)C)C(Nc1c2)C(C)(C)C 1 72 FC(F)(F)C1=CC(=0)N(c2c1cc1CCC3(N(CCC3)c1c2)C)C 1
73 FC(F)(F)C1=CC(=0)Nc2c1cc1CC(C(C)C)C(Nc1c2C)C(C)(C)C 1 73 FC(F)(F)C1=CC(=0O)N(c2clccl[C@@H]3[C@H](N(c1c2)C)C(CCC3)(C 1
74 FC(F)(F)C1=CC(=0)Nc2c1cc1CCC(Ncl1c2)(C)C 1 74 FC(F)(F)C1=CC(=O)NC)2(21CC:C(NCC(C)(C)C)C=C2 1
75 FC(F)(F)C1=CC(=0)Nc2c1cc1CCC(Nclc2)(CC)C 1 75 FC(F)(F)C1=CC(=0)NC2C1C=C1C(NC(C=C1)(C)C)=C2 1
76 c12¢(cccel)e(cle(cceel)c2CHCelecceel)CHCeleceecl 0 76 FC(F)(F)clcc(O)nc2c1ec1CCC(Nele2)(C)C 0
77 ClclccecccINcIne(Cl)ne(Cl)nl 0 77 FC(F)(F)clcc(O)nc2clec1CCC(Nelc2)(CC)CC 0
78 Clc1ee(NC(OC(C)C)=0)cccl 0 78 FC(F)(F)clcc(O)nc2cleclc(NC(CC1CC)(C)C)c2 0
79 Clclcc(NC(OCCHCCCI)=0)cccl 0 79 FC(F)(F)clcc(O)nc2cleclc(NC(C=C1C)(C)C)c2 0
80 S(C)clnc(nc(n1)NCC)NCC 0 80 S(C(C)C)clec(OC)c(cc1)CHN 0
81 0OC1CCC2C3C(=C4C(=CC(=0)CC4)CcC3)C=CC12C 1 81 Clclcc(Oc2ccccc2C)ecc1CHN 1
82 OCCN(ccce)cccc 1 82 ClcInc2c(cec3CCC(Nc3c2)(C)C)c(c1)C(F)(F)F 1
83 Clclcee(cc1)\C(=C\Cl)\clcee(Cl)eel 0 83 ClcInc2c(ce3c(NC(C=C3C)(C)C)c2)c(c1)C(F)(F)F 0
84 Clc12C3C(ca0c4ac3cal)c(cl(ci(cnclc(cl)=cacl 1 84 FC(F)(F)C1=CC(=0)NC2C1C=CC(NC)=C2 1
85 S(P(OC)(=0)N)C 0 85 FC(F)(F)clcc(O)nc2cleclCC(C)C(Nclc2)(C)C 0
86 Clclce(cccINC(C(C)C)C(OC(CH#N)clec(Oc2ccecc2)cecl)=0)C(F)(F)F 0 86 0=C1N(c2ccc([N+](=0)[O- 0
1)cc2)C(=0)[C@@H]2[C@H]1C1CC2C=C1
87 O(C(=0)Ccccee(occ(cecc)cc)=0)cc(cccc)cc 0 87 FC(F)(F)C1=CC(=0)N(c2clcclc(NC(CC1C)(C)C)c2C)C 0
88 CIC12C3C(COS(0C3)(=0)=0)C(Cl)(c1(Cl)cl)c(Cl)=C2Cl 0 88 Fclnc2c(ce3¢(NC(C=C3C)(C)C)c2)c(c1)C(F)(F)F 0
89 0=C1C2(CCC(Cc2(C)C)Cc1=0)C 0 89 FC(F)(F)C1=CC(=0)NC2C1C=CC(NCCC)=C2 0
90 0O(C)cleec(ccl)CCC(=0)C 0 90 FC(F)(F)clce(O)nc2cleclCC[C@H](Nclc2)CCC 0
91 Oclcee(ccl)CCCCCCCCC 0 91 FC(F)(F)clcc(O)nc2cleclC[C@H](C)[C@H](Nclc2)C 0
92 nlcc(ccclC)CC 0 92 O[C@H]1Ccc2c3C(CC[C@]12C)[C@@]1(C(C[C@@H](0)CC1)=CC3 0
93 olcc(cclCelececcl)COC(=0)C1C(C)(C)CI\C=C(\C)/C 0 93 O[C@H]1CCC2C3C(CC[C@]12C))?g§l,0@]l(C(C[C@@H](O)CC1)=CC3 0
94 0O(C(=0)cceeccccccc(occ)=0)cc 0 94 O[C@H]1CC[C@H]2[C@H]3[C(_t)=;:|-(|:](CC[C@]12C)[C@@]1(C(C[C@ 0
@H](0)CC1)=CC3)C=C
95 ClC=1C2=CC(OCC2(C2C(C3CCC(OC(=0)C)(C(=0)C)C3(CC2)C)C=1)C)=0 1 95 FC(F)(F)C1=CC(=0)N(c2clcclc(NC(C=C1C)(C)C)c2)C 1
96 nlc2ncc(ce2n(C)c1N)-clecccel 0 96 FC(F)(F)clce(O)nc2clee(N(C)C)ec2 0
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Trainingset-1 Smiles activity Training set-2 Smiles activity
97 Sclcec(ccl)C 1 97 FC(F)(F)clcc(Oc2cccecc20)ccc1CHN 1
98 OC1CCN(CC1)C 0 98 FC(F)(F)C1=CC(=0)NC2C1C=CC(NCC)=C2 0
99 Clclcce(S)ecl 0 99 FC(F)(F)clcc(N2C(=0)[C@H]3[C@H](C4CC3C=C4)C2=0)cccl 0
100 O(C(=0)Nc1[nH]c2c(n1)ccee2)C 0 100 FC(F)(F)clcc(O)nc2clccl1CCC3(Nclc2)CCCce3 0
101 Clclcec(cec1)CCC(O)(C(C)(C)C)Cnlncncl 1 101 S(CC1CC1)clcc(C(F)(F)F)c(ccl)CHN 1
102 Oclcec(O)ccl-cleceecl 1 102 FC(F)(F)C1=CC(=0)N(c2clccl1CCC(Nclc2)(C)C)C 1
103 N(c(C)c)c(c)c 0 103 FC(F)(F)C1=CC(=0)N(c2clccl[C@ @H]3[C@H](N(c1c2)C)CCCC3)C 0
104 01C2CC3C4C(CCC3(C)C12C(=0)C)C1(C(=CC(=0)CC1)CC4)C 1 104 FC(F)(F)clcc(N2C(=0)[C@H]3[C@H](C4(OC3(CC4)C)C)C2=0)cccl 1
105 0O(C(=0)cceeccecc)ce 0 105 Oclnc2c(ce3c(NC(C=C3C)(C)C)c2)c(c1)C 0
106 0O=Cclnc(cccl)C 0 106 FC(F)(F)clcc(ccc1CH#N)-clcecccc10C 0
107 Oclcc2CCCCc2ccl 1 107 FC(F)(F)clcc(ccclCHN)[C@@H]1CCCC[C@@H]10 1
108 0O(C(OC)c1cceecl)C 1 108 O(C)clcc(ccc1CHN)-clecceclO 1
109 Clelcc(cc(Cl)c10)-cleccecl 1 109 0=C1C=C2CC[C@H]3[C@@H]4CC[C@H](C(=0)C)[C@]4(CC[C@@ 1
H]3[C@]2(C=C1)C)C
110 Clclcec(ccl)C(O)(C(Cl)(C)Cl)clcec(Cl)ccl 1 110 Clclcc(N2C(=0)[C@H]3[C@H](C4(OC3(CC4)C)C)C2=0)cnclCHN 1
111 Oclc(0)cc(cc10)C(0Cccceeceeecee)=0 0 111 S(clc(cc(cc1C)C)C)elec(OC)c(ccl)CEN 0
112 Clc1c(Cl)c(Cl)c2c(c1Cl)C(0C2=0)=0 0 112 FC(F)(F)clcc(ccc1C#N)-cleccecclO 0
113 CIC1=C(Cl)C(=0)c2c(cccec2)C1=0 1 113 Brclc2c(cecl)c(N1C(=0)[C@H]3[C@H](C4(OC3(CC4)C)C)C1=0)ccc 1
2[N+](=0)[O-]
114 0(C(=0)cleccec1C(OCC(CCCC)CC)=0)Ccc(cccc)ce 0 114 O[C@H]1CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(=CC(CC 0
1)=C)CC3)C
115 0C1C2C(C3CCC(C(=0)COC(=0)C)C3(C1)C)CCC1=CC(=0)CCC12C 1 115 S(CCC)clec(OC)c(ccl)CHN 1
116 0(C(=0)clecececc10)C1CC(CC(CL)C)(C)C 1 116 Clclec(N2C(=0)[C@H]3[C@H](C4CC3C=C4)C2=0)cc(Cl)cl 1
117 Clc1c(Cl)c(Cl)e(Cl)c(Cl)c1cl 0 117 FC(F)(F)C1=CC(=0)NC2C1C=C(NC1CCCC1)C=C2 0
118 $=P(0C1=NN(C(=0)C=C1)clcccccl)(0CC)OCC 0 118 FC(F)(F)C1=CC(=0)NC2C1C=CC(N(CC(F)(F)F)CC)=C2 0
119 O(C)clcec(cel)C(0)C(=0)clcec(0C)ccl 0 119 FC(F)(F)clcc(O)nc2clcclCC(C)(C)[C@H](Nc1c2)CC 0
120 C1CCc2c(C1)ccec2 0 120 FC(F)(F)clcc(O)nc2clecc1CCC(Nclc2)(CCC)c 0
121 O(C)clec(ccclN)-clec(OC)c(N)ecl 1 121 BrC1CC(CCC1Br)C(Br)CBr 1
122 Clc1ec(NC(OC(C=C)(C(0)=0)C)=0)cc(Cl)cl 1 122 Clclec(cec1Sclececc1C)CHN 1
123 Clclccec(Cl)c1C#N 0 123 FC(F)(F)C1=CC(=0)NC2C1C=CC(NC1CCC1)=C2 0
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Trainingset-1 Smiles activity Training set-2 Smiles activity

124 0=C1Nc2c(N=C1)cccc2 0 124 FC(F)(F)c1lcc(O[C@H]2CCCC[C@ @H]2CH#N)ccc1CHN 0

125 c12c¢(cc3c(cl)ccec3)cecc2 1 125 S(clc(ceeclC)C)clec(OC)c(ccl)CHN 1

126 Oclcec(cel)C(0CC)=0 0 126 FC(F)(F)C1=CC(=0)Nc2c1ccIN(CC(F)(F)F)[C@H](COclc2)clcec(ccl 0

)C

127 Clclcc(Cl)ccclcl 0 127 FC(F)(F)C1=CC(=0)Nc2c1c10C[C@H](N(clcc2)CC1CC1)clcececl 0

128 0(C(=0)C1C(C)(C)C1\C=C(/C(OC)=0)\C)C1CC(=0)C(C\C=C\C=C)=C1C 0 128 FC(F)(F)clce(nc2c1cc1CCC(N(c1c2)C)(C)C)CHN 0

129 S=P(Oclcc(C)c(N(0)O)cc1)(0OC)0C 1 129 slc(-c2cc3c¢(NC(CC3C)(C)C)cc2)c(cc1CHN)C 1

130 Clclnc(nc(n1)NCC)NCC 0 130 FC(F)(F)C1=CC(=0)N(c2clcclc(N(C)C(C=C1C)(C)C)c2)C 0

131 O(C(=0)CCCCCCCCC(OCC(CCCC)CC)=0)cc(ccee)cc 0 131 FC(F)(F)clce(O)nc2clecl1CC(CC)C(Ncle2)(C)C 0

132 0O(C(=0)C)clcccecl 0 132 FC(F)(F)C1=CC(=0)N(c2clcc1CCC(Nclc2)(CC)C)C 0

133 NCcccccccccece 0 133 FC(F)(F)C1=CC(=0)N(c2clccl[C@@H]3[C@H](Nc1c2)CC[C@ @H]( 0

C3)C)C

134 0C1(C(=0)C0)C2(CC(=0)C3C(C2CC1C)CCC1=CC(=0)C=CC13C)C 1 134 FC(F)(F)clcc(O)nc2clec1CC(CC)(CC)[C@H](Nclc2)CC 1

135 S(=0)(=0)(c1c(cc(cclC)C)C)C1=N[CH-][NH+](N1)C(=0)N(CC)CC 0 135 01c2c(cc(0C)cc2)-c2¢(c3¢c(NC(=0)C=C3C)cc2)C1=0 0

136 0C1CC2CCC=3C4CCC(C(CC\C=C(\C)/C)C)C4(CCC=3C2(CC1)C)C 0 136 FC(F)(F)clcc(N2C(=0)C(N(CCHCCOCc3cc(C(=0)N)c(0)cc3)C2=0)(C) 0
C)ccclCHN

137 Oclc(cc(cclC(C)(C)C)C)C(C)(C)C 0 137 FC(F)(F)clcc(N2C(=0)C(N(OCCH#CCc3cc(C(=0)N)c(0)cc3)C2=0)(C)C 0
Jccc1CHN

138 cl12c3cdccclceecc2cecc3cccd 1 138 0=C1N(c2c3c(ccee3)c([N+](=0)[0- 1

1)cc2)C(=0)[C@@H]2[C@H]1C1CCCC2C=C1
139 S(=0)(CCCC(F)(F)C(F)(F)F)CCCCCCCCCC1C2C3CCCC(0)C3(CCC2c2¢(C) 0 139 S(CCCC)clec(C(F)(F)F)c(ccl)CHN 0
cc(0)cec2)C
140 Clcleccecl-clecceclCl 1 140 FC(F)(F)C1=CC(OC2C1C=CC(NCC(F)(F)F)=C2)=0 1
141 0O(C)clec(0)c(cc1)C(=0)cleccecl 1 141 FC(F)(F)C1=CC(=0)Nc2c1ccIN(CC(F)(F)F)[C@@H](COclc2)Cclccee 1
cl

142 S(P(SCCC)(0cC)=0)ccc 0 142 FC(F)(F)clcc(O)nc2clecic(N[C@H]3[C@@]1(CCCC3(C)C)C)c2 0

143 O(C(clcceeel)cleccecl)C1CCN(CCL)C 0 143 FC(F)(F)C1=CC(=0)N(c2clcclc(N([C@@H]3CCCC[C@]13C)C)c2)C 0

144 CIC(CI)(CI)SN1C(=0)C2C(CC=CC2)C1=0 0 144 FC(F)(C(F)(F)F)[C@]1(O)CC[C@H]2[C@H]3C(=C4C(=CC(=0)CC4)CC 0

3)[C@H](C[C@]12C)clcec(ccl)C(=0)C

145 CIC(CI)(Cl)SN1C(=0)c2c(cccc2)C1=0 0 145 FC(F)(F)C1=CC(=0O)N(c2clccl[C@@H]3[C@H](N(clc2)C)CC[C@@ 0
H](C3)C)C

146 FC(F)(F)c1cc(NC(=0)C(C)C)cccIN(0)O 1 146 FC(F)(F)C1=CC(=0)N(c2clcc1CCNclc2)C 1

147 Clclcc(-n2nc(-c3ccc(F)ce3F)c(CHN)c2N)cecl 0 147 FC(F)(F)C1=CC(=0)N(c2clcclc(N(C)[C@H](C)C1(C)C)c2)C 0

148 Oclcc2c(ccl)ceec2 0 148 FC(F)(F)C1=CC(=0)NC2C1C=CC(NC(C)C)=C2 0

149 c12¢(cc3c(cl)ccic(c3)ccecd)ccle(c2)ccecl 0 149 S(clccecec10C)clec(C(F)(F)F)c(ccl)CHN 0

150 N(=C(\N)/N)/CCCCCCCCNCCCCCCCC\N=C(\N)/N 0 150 FC(F)(F)clcc(ccc1C#N)-cleee(OC)ccl 0
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Trainingset-1 Smiles activity Training set-2 Smiles activity
151 Clclceeec1C10C1 (nlnencl)cleec(F)ecl 1 151 FC(F)(F)clcc(O)nc2clcclc(NC(C)(C)C(C)(C)C1C)c2 1
152 S=P(Oclnc2c(ncl)cecc2)(0CC)OoCC 1 152 O(clec(OC)c(ccl)CHN)clec(cecl)C 1
153 Oclcc(O)ceec1CCCCCC 1 153 FC(F)(F)C1=CC(=0)NC2C1C=CC(NCC(F)(F)C(F)(F)F)=C2 1
154 O(C(=0)Nclcc(ceec1)C)clec(NC(OC)=0)cecl 0 154 FC(F)(F)clcc(O)nc2clcclC=CC(Nclc2)(C)C 0
155 ClC=1C2=CC(=0)C=CC2(C2C(C3CCC(OC(=0)C)(C(=0)C)C3(CC2)C)C=1) 1 155 FC(F)(F)c1cc(OC2CCCCC2CH#N)ccc1CHN 1
C
156 occ(ce)c 0 156 FC(F)(F)clcc(O[C@@H]2CCCC[C@ @H]2C#N)ccc1CHN 0
157 Clclnce(cc1)CN/1CCN\C\1=N/N(0)O 0 157 Fclcce(cc-2c¢10Cc1e3c(NC(C=C3C)(C)C)cccl-2)CHN 0
158 0(C(=0)c)c1c(c2cca(cec2)c)(c)c 0 158 01Cc2c3¢(NC(C=C3C)(C)C)ccc2-c2cc([N+](=0)[0-])ccc12 0
159 S=CINC(=0)N(C=C1)C10C(CO)C(0)C10 0 159 0=C1N(c2ccc([N+](=0)[O- 0
1)cc2)C(=0)N2[C@ @H]1[C@H]IN(C[C@@H]2C1)C(=0)clcce(ccl)
160 O(C)clecc(ccl)CC=C 0 160 FC(F)(F)clcc(ccc1CH#N)-clcec(O)ccl 0
161 O(C(=0)ccc(occcc)=0)ccce 0 161 01c2c(-c3c(c4c(NC(=0)C=C4C)cc3)C1C)c(OC)ccc2 0
162 Oclcc(0)c(0)eclC(=0)CccC 0 162 FC(F)(F)clcc(N2C(=0)C(N(CCHCCOCc3cc(C(=0)NCN[C@H]4CC(O[C 0
@ @H](C)[C@H]40)0C4c5¢(C[C@](0)(C4)C(=0)CO)c(O)c4c(C(=0)c
163 OC(=0)ccececcecce 0 163 01Cc2c3¢(NC(CC3C)(C)C)ccc2-c2cc([N+](=0)[O-])ccc12 0
164 CIC12C3(Cl)C4(CI)C5(CI)C(Cl)(C1(Cl)C4=0)C2(Cl)C(Cl)(Cl)Cc35CI 0 164 S(=0)(C)cInc2c(cc3CCC(NC3c2)(C)C)c(c1)C(F)(F)F 0
165 oc(c(co)(c)c)c(c)c 0 165 S(CC1CCC1)clec(C(F)(F)F)c(ccl)CHN 0
166 s1c(nncINS(=0)(=0)clccc(N)ccl)C 0 166 Clclec(ccc10clceccc1C)CHN 0
167 slcc(ncl)-c1[nH]c2c(nl)ccec2 0 167 FC(F)(F)C1=CC(=0)Nc2c1c10C[C@H](N(c1cc2)CC(F)(F)F)clcceecl 0
168 FclccecccIN(O)O 0 168 FC(F)(F)C1=CC(=0)NC2C1C=CC(NCCCC)=C2 0
169 c12¢(ccecl)c(cle(ceeel)c2-clececel)-cleceecl 0 169 Brclcec(N2C(=0)[C@H]3[C@H](C4CCC3C=C4)C2=0)cclC 0
170 0OC(=0)clcce(N)ccl 0 170 FC(F)(F)clcc(O)nc2clcclc(NC(C)(C)C(C)=C1C)c2 0
171 0=C1/C(/C2CCC1(C)C2(C)C)=C/clccececl 0 171 O[C@H]1CC[C@H]2[C@H]3[C@@H]([C@@]45[C@H]([C@@H](C 0
CC4)[C@@H](0)CC5)CC3)cC[c@]12C
172 nlccccclCNCelnccecl 0 172 FC(F)(F)clcc(Oc2cec(cc20C)C)cecc1CHN 0
173 Clclnc(nc(N)c1)N 0 173 01C2([C@@H]3[C@H](C1(CC2)C)C(=0)N(C=1n2c(ncc2)C=CC=1N) 0
C3=0)C
174 01c2¢(CC1(C)C)cccc20C(=0)NC 0 174 Brclnc2c(cc3CCC(N(c3¢2)C)(C)C)c(c1)C(F)(F)F 0
175 CICC(=0)N(COC)clc(ccecclcC)cC 1 175 Brc1nc2c(cc3CCC(Ne3c2)(C)C)c(c1)C(F)(F)F 1
176 Nclc2c3cdc(cc2)ccecdecc3cecl 1 176 FC(F)(F)C1=CC(=0)Nc2c1c10C[C@H](Nclcc2)C 1
177 0O(C)clnc(nc(n1)NC(C)C)NC(C)C 0 177 FC(F)(F)C1=CC(=0)N(c2clcclc(NC(CC1C)(C)C)c2)C 0
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Trainingset-1 Smiles activity Training set-2 Smiles activity

178 0=C1CCCCC1C(0CC)=0 0 178 FC(F)(F)clcc(O)nc2clcclc(NCCC1(CC)CC)c2 0

179 Clclc(ceecclCl)-cleececl 1 179 FC(F)(F)clcc(ncclC#N)N1CCC(CCL)C 1

180 0C1(CCC2C3C(CCC12C)C1(C(=CC(=0)CC1)CC3)C)C(0)C 1 180 FC(F)(F)C1=CC(=0)NC2C1C=CC(NCC(C)C)=C2 1

181 01CC1COc1cec(cc1)C(C)(C)cleec(0CC20C2)ccl 0 181 S(C)clcececclOclec(C(F)(F)F)c(ccl)CHN 0

182 S(\C(=N\OC(=O)NC)\C)C 0 182 FC(F)(F)C1=CC(=0)NC2C1C=C(C)C(N)=C2 0

183 CIC=1C(=0)N(N=CC=1N)clcccccl 0 183 FC(F)(F)clcc(N2C(=0)C(N(CCOCCOCc3cc(C(=0)N)c(0)cc3)C2=0)(C 0
)C)ccc1CHN

184 S(P(Sclcceecl)(0CC)=0)cleccecl 0 184 FC(F)(F)clcc(N2C(=0)C(N(OCCOCCc3cc(C(=0)N)c(0)cc3)C2=0)(C) 0
C)ccc1CHN

185 Clclec(cc(Cl)c10)C(0CC)=0 0 185 FC(F)(F)C1=CC(=0)Nc2c1c10Cc3c(-clcc2)c(OC)ccc3 0

186 Clc1lcc20c3cc(Cl)c(Cl)cc30c2cc1Cl 0 186 FC(F)(F)clcc(ncclCHN)N(CCC)CCC 0

187 O(C(=0)Nc1nc2c(n1C(=0)NCCCC)ccec2)C 0 187 FC(F)(F)clcc(O)nc2clcclCC(C)(C)C(Nclc2)(C)C 0

188 01C(CCCC(=0)CCC\C=C/c2c(C1=0)c(0)cc(0)c2)C 1 188 FC(F)(F)clcc(Oc2cccecc20C)ccc1CHN 1

189 Oclcceecl-clecceclO 1 189 FC(F)(F)C1=CC(=0)Nc2c1c10C[C@H](Nclcc2)CC 1

190 Brclccc(ccl)C(O)(C(OC(C)C)=0)clcec(Br)ccl 1 190 0=C1N(c2cc3c(cc2)cece3)C(=0)[C@ @H]2[C@H]1C1CC2CCl 1

191 0=N\C(=C\1/NC=CC=C/1)\clcccccl 0 191 S(CCCC)clec(OC)c(ccl)CHN 0

192 Clclec(Cl)cce10clecc(N(0)O)ecl 1 192 F\C=C\[C@ @]12C3C(CACC[C@H](O)[C@]4(CC3)C)CC=C1C[C@@H 1

]J(0)cc2
193 Clclec(Cl)ee(Cl)c10cleee(N(O)O)ecl 1 193 0=C1CCC2=C3C(C4CC[C@H](0)[C@]4(C[C@@H]3CCCCCCCCCC)C) 1
CCC2=C1
194 Oclec(C)c(cc1C(C)(C)C)C(CC(C)elee(C(C)(C)C)c(O)cclC)elec(C(C)(C)C) 0 194 O[C@H]1CC[C@H]2[C@H]3[C@@H]([C@]45CC[C@H](O)[C@H](C 0
c(O)cclC C=C4)C5=CC3)CC[C@]12C

195 S=P(Oclnoc(cl)-clecceeccl)(OCC)OCC 0 195 01C2([C@@H]3[C@H](C1(CC2)C)C(=0)N(C=1c2n(ncc2)C(=CC=1)C 0
#N)C3=0)C

196 Brclc(Oc2ccc(Br)cc2Br)c(Br)c(Br)c(Br)c1Br 1 196 O[C@H]1CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(C[C@ 1

@H](0)CC1)=CC3)CcC
197 Brclc(Oc2cc(Br)c(Br)cc2)c(Br)c(Br)c(Br)c1Br 0 197 Brclec(F)c20Cc3c4c(NC(C=CAC)(C)C)ccc3-c2cl 0
198 Clc1c(C#N)c(Cl)c(Cl)c(Cl)c1CHN 0 198 FC(F)(F)clcc(N2C(=0)C(N(CC#HCCOCc3cc(C(=0)NCNCACC(O[C@ @ 0
H](C)[C@H]40)OC4c5¢c(C[C@](0)(C4)C(=0)CO)c(0)c4c(C(=0)cbe(c
199 c12c3c4c5cebelc(ccc2ecc3cccdecce5)cccd 0 199 FC(F)(F)clcc(N2C(=0)C(N(CC#HCCOCc3cc(C(=0)NCN[C@H]4CC(O[C 0
@ @H](C)[C@H]40)0C4c5¢(C[C@](0)(C4)C(=0)CO)c(O)c4c(C(=0)c
200 Clclnc(nc(n1)NCC)NC(C)C 0 200 0O(CCCCC(0)=0)clece(ccl)CCCC[C@H]L[C@H]2[C@@H]3CC[C@ 0
@](0)(C)[C@]3(CCI[C@@H]2[C@@]2(C(=CC(=0)CC2)C1)C)C

201 Oclcec(0)cclC(C)(C)C 1 201 FC(F)(F)C1=CC(=0)NC2C1C=CC(NCC(C)(C)C)=C2 1

202 Clclccc(Oc2cec(NC(=0)N(C)C)ec2)ccl 0 202 FC(F)(F)clcc(O[C@@H]2C(CN(Cc3cceee3)C2=0)(C)C)ccc1CHN 0

203 Clc2c3c4clccecdecc3cec2 1 203 FC(F)(F)clcc(Oc2cc(ccc20C)C)cecc1CHN 1

204 S(C)clc(cc(OC(=0)NC)cc1C)C 1 204 FC(F)(F)clcc(N2C[C@H](N(C[C@ @H]2C)C(=0)Nc2cee(nc2)C(F)(F)F 1

)C)ccc1CHN
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Trainingset-1 Smiles activity Training set-2 Smiles activity
205 c-12c¢(-c3c4c-1ccecdecc3)ceclc2ececl 1 205 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]4CC[C@H](O)[C@]4( 1
CC[C@H]23)C)CCCCCCC(=0)N(C)C)C1)C
206 c-12c¢(-c3c4c-1cclc(cdece3d)ccecl)ccec2 0 206 S(=0)(CCCC(F)(F)C(F)(F)F)CCCCCCCCC[C@H]1[C@H]2[C@@H]3CC 0
[C@H](0)[C@]3(CCIC@ @H]2[C@@]2(C(CC(=0)CC2)C1)C)C
207 Clclcc(cccl)-clec(Cl)cecl 1 207 FC(F)(F)C1=CC(=0)NC2C1C=C(NCC)C=C2 1
208 Clclcec(cel)-clece(Cl)ecl 0 208 FC(F)(F)C1=CC(=0)Nc2c1c10C[C@H](Nclcc2)CCC 0
209 Clclc(-c2c(Cl)c(Cl)c(Cl)c(Cl)c2Cl)c(Cl)c(Cl)c(Cl)cacl 0 209 O(clccecclC)eleec(cc1OC)CHN 0
210 Clcleccecl-clcececl 1 210 FC(F)(F)c1lcc(N2C(=0)[C@H]3[C@H](CACC3C=C4)C2=0)cccl[N+](= 1
0)[0-]
211 Clclcec(cel)-cleceecl 0 211 Br\C=C\[C@@]12C3C(C4CC[C@H](O)[C@]4(CC3)C)CC=CIC[C@@ 0
H](0)cc2
212 c-12c¢(-c3c4c-1ccecdecc3)cccc2 1 212 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2ccenc2)C)ecclC 1
#N
213 c-12c¢(-c3c4c-1ccecdecc3)ccle(c2)ccecl 1 213 FC(F)(F)clcc(Oc2ccccc20CC)eccc1CHN 1
214 S=P(Oclcce(N(0)0O)ccl)(0CC)cleceecl 1 214 O(CCCCCC(0)=0)clcc(cccl)CCCC[C@H]1[C@H]2[C@@H]3CC[C@ 1
@](0)(C)[C@]3(CCI[C@@H]2[C@@]2(C(=CC(=0)CC2)C1)C)C
215 Brclec(Cl)c(OP(=S)(0C)OC)cclCl 0 215 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]4CC[C@H](O)[C@]4( 0
CC[C@H]23)C)CCCCCCCC(=0)N(CC)CC)C1)C
216 S(C)C1=NN=C(C(C)(C)C)C(=O)N1IN 0 216 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]4CC[C@H](O)[C@]4( 0
CC[C@H]23)C)CCCCCCCC(=0)N2CCCCC2)C1)C
217 0=C(C)clcc2c(cc1C)C(C)(C)C(CC2(C)C)C 1 217 s1c2c(ncl)cec(N)c2N1C(=0)[C@H]2[C@H](C3(0C2(CC3)C)C)C1=0 1
218 nlccc(ccl)Celececcl 1 218 FC(F)(F)C1=CC(=0)NC2C1C=CC(NC(C=C)(C)C)=C2 1
219 Clclc(-c2¢(Cl)c(Cl)ce(Cl)c2Cl)c(Cl)c(Cl)cc1cl 1 219 Clclccecc1Oclcec(C(F)(F)F)c(ccl)CHN 1
220 P(OC)(OC)(0O\C(=C\C(=0)NC)\C)=0 0 220 FC(F)(F)c1lcc(ncc1CH#N)N(C(C)clcceecl)C 0
221 Brclcc(Cl)c(OP(=S)(OC)c2ccccc2)cclCl 1 221 FC(F)(F)clcc(Oc2cc(ccc20)C)eccclCHEN 1
222 c12¢(c3c(c4clecced)cece3)cecc2 0 222 01C(c2cc(ccc2NC1=0)-clec(ocl)CHN)(C)C 0
223 c12¢(c3c(ccl)ccee3)ceclc2cececl 1 223 FC(F)(F)clcc(N2C(=0)[C@ @H]3N(C4CC3CC4)C2=0)cccl 1
224 S(CC)C(=0)N1Ccceece 0 224 FC(F)(F)clcc(N2C[C@H](N(C[C@ @H]2C)C(=0)Nc2cec(nc2)C)C)ece 0
1CH#N
225 P(Ocl1cc(C)c(N(0)0)ccl)(0C)(0C)=0 0 225 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2cencc2)C)ecclC 0
#N
226 S(C(C(=0)NC)C)CCSP(OC)(0C)=0 0 226 01c2c(-c3c(c4c(NC(=0)C=C4C)cc3)C1CC=C)c(OC)ccc2 0
227 01c2¢(0C1(C)C)ccecc20C(=0)NC 0 227 Brcleec(N2C(=0)[C@H]3[C@H](C4CC3C=C4)C2=0)cc1C(F)(F)F 0
228 Clc1cc20C(=0)N(c2ccl1)CSP(=S)(0Cc)ocC 1 228 FC(F)(F)clcc(ccclC#N)-clececclC 1
229 O(C(=0)N(C)C)c1nc(nc(C)c1C)N(C)C 0 229 Fclcc(F)ec-2¢10Cc1ce3¢(NC(CC3C)(C)C)eccl-2 0
230 S(\C(=N\OC(=0)NC)\C(=0)N(C)C)C 0 230 FC(F)(F)C1=CC(=0)NC2C1C=CC(NC1CCCC1)=C2 0
231 clec(ccel-cleceecl)C=C 0 231 Clclec(N2C(=0)[C@H]3[C@H](C4CCC3C=C4)C2=0)ccclCl 0
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Trainingset-1 Smiles activity Training set-2 Smiles activity
232 S=C(NclcccccINC(=S)NC(OC)=0)NC(0C)=0 0 232 s1c(-c2cc3¢(NC(C)(C)C(=0)C3(C)C)cc2)c(cc1CHN)C 0
233 Clclec(cc(Cl)e1)C(=0)NC(CHC)(C)C 0 233 FC(F)(F)c1lcc(NC(=0)C(C)C)cccl[N+](=0)[O-] 0
234 S(P(=S)(0OCCC)OCCC)CC(=0)N1CCCCc1c 1 234 0=C(Nclcc(CH#N)c([N+](=0)[0-])cc1)C(C)C 1
235 01c(co)c(o)c(o)cio 0 235 FC(F)(F)clcc(O)nc2clcclc(N(C)C(C=C1C)(C)C)c2 0
236 0OC(C)clcc(N)cecl 0 236 FC(F)(F)clcc(Oc2¢(OC)cccc20C)ccc1CHN 0
237 0C1CCC2C3C(CCC12C)CL(C(=CC(=0)CC1)C=C3)C 0 237 Fclccec(OC)c10clec(C(F)(F)F)c(ccl)CHN 0
238 0(C(=0)c=Cc)cccecc 0 238 FC(F)(F)clcc(O)nc2cleclc(NC(CCLC(C)C)(C)C)c2 0
239 O(C)cleccec(CCCC)cl0 0 239 S=C1N(C(=0)C(N1CCCS(=0)(=0)N)(C)C)clcc(C(F)(F)F)c(ccl)C#N 0
240 $1(=0)(=0)Nc2c(cccc2)C(=0)N1C(C)C 0 240 FC(F)(F)clcc(O)nc2clcclc(NC(C)(C)[C@@H](C)[C@H]1C)c2 0
241 S=P(Oclcccec1C(OC(C)C)=0)(OCC)NC(C)C 1 241 FC(F)(F)clcc(ncclC#N)N1CC2C(CCCC2)CCl 1
242 0=C1NC(=0)c2clcclc(c2)C(=0)NC1=0 0 242 O[C@]1(Cccac3c(cC[C@]12C)[C@@]1(C(C[C@@H](0)CC1)=CC3) 0
C=C)C
243 clccioccol 0 243 S(CC1CC1)clec(OC)c(ccl)CHN 0
244 CIC(Cl)(Cl)clnc(sn1)OCC 0 244 FC(F)(F)clcc(N2C[C@H](N(C[C@ @H]2C)C(=0)Nc2cec(OC)nc2)C)cc 0
c1C#N
245 0OC(C(0)c(0)c=0)Cc(0)CcOo 0 245 O[C@]1(CC[C@HI2[C@H]3[C@H](CC[C@]12C)[CR@]1(C(C[CR@ 0
H](0)CC1)=CC3)C=C)C
246 S(P(OC(C)C)(OC(C)C)=0)Cclcccecl 0 246 S(=0)(=0)(Nc1ccce(N(Cc2ccece2)Ce2cccec?)clC)C 0
247 [nH]1c2¢(c3ccc(ncl3)N)ceec2 0 247 CI\C=C/[C@@]12C3C(CACC[C@H](O)[C@]4(CC3)C)CC=CIC[C@@ 0
H](0)cc2
248 Clclcec(Cl)ce(Cl)c1Oclcec(N)ccl 1 248 Fclnc2c(ce3CCC(N(c3c2)C)(C)C)c(c1)C(F)(F)F 1
249 O(C(=0O)NC)clccecclC(C)C 0 249 Fclcececc1CN1CC(C)(C)[C@ @H](Oc2cc(C(F)(F)F)c(cc2)C#N)C1=0 0
250 S=P(Oclccc(ccl)C#N)(OC)OC 1 250 S1CCCSC1=C10c2c(cc(F)cc2)-c2clclc(NC(C=C1C)(C)C)cc2 1
251 c(cceee)(c)c 0 251 S(clccccclF)clec(C(F)(F)F)c(ccl)CHN 0
252 CIC(CI)(CI)C(NC=0)N1CCN(CC1)C(NC=0)C(Cl)(Cl)Cl 0 252 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2ccenc20C)C)ecc 0
1CH#N
253 Oclcec(ccl)C(CC(C)(C)C)(C)C 1 253 S=C1N(C(=0)C(N1CCCS(=0)(=0)NC)(C)C)clcc(C(F)(F)F)c(ccl)C#N 1
254 Clc1c(Cl)c(Cl)c2c(c1Cl)C(0C2)=0 0 254 S(C1CCC1)clcc(C(F)(F)F)c(ccl)CHN 0
255 $1(=0)(=0)N=C(0OCC=C)c2clccec2 0 255 FC(F)(F)clcc(N2C(=0)[C@H]3[C@H](CACCC3C=C4)C2=0)cccl 0
256 S(0)(=0)(=0)C(F)(F)C(F)(F)C(F)(F)C(F)(F)C(F)(F)C(F)(F)C(F)(F)C(F)(F)F 0 256 Fclec(cc2cINC(=0)C2(C)C)-c1n(C)c(ccl)CHN 0
257 Clclcec(ccl)CSC(=0)N(CC)cC 1 257 FC(F)(F)C1=CC(=0)N(c2clcc1CCN(c1c2)C)C 1
258 0O(C(=0)clcececl1C(OCCCCCCC(C)C)=0)cceeecc(c)c 0 258 FC(F)(F)clcc(Oc2c(cc(cc2C)C)C)cecclCHN 0
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Trainingset-1 Smiles activity Training set-2 Smiles activity

259 Clclcce(OC)c(/C(/0C(=0)c2cceec2)=N/0CC)c10C 0 259 FC(F)(F)c1lcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2cce(nc2)CHN)C)c 0
cc1C#N

260 Clclcc(Cl)c(Cl)nclOP(=S)(0CC)OCcC 0 260 FC(F)(F)clcc(ccclC#N)-clcec(ccl)C 0

261 S=P(Oclnc(nc(c1)C)N(CC)CC)(0C)OC 0 261 Fclec(F)cccINC(=0)N1C[C@@H](N(C[C@H]1C)clcc(C(F)(F)F)c(ccl 0
JCH#N)C

262 S=P(Oclccc(N(0)0)ccl)(0C)0C 1 262 Fcleec(OC(=0)N2[C@ @H]3[C@H]4N([C@ @H](C3)C2)C(=0)N(c2c 1

c(C(F)(F)F)c(cc2)C#N)C4=0)ccl

263 S(CC)CSP(=S)(0cCc)occ 0 263 O(clec(OC)c(ccl)CHN)cleec(ccl)C 0

264 S(CCSP(=S)(0cc)occ)cc 0 264 s1c(-c2cc3¢(NC(C=C3C)(C)C)cc2)c(cc1CHN)C 0

265 Clclcc(Cl)c(Cl)cc10P(=S)(OC)OC 1 265 FC(F)(F)clcc(Oc2ccccc2CCC)cecc1CHN 1

266 S(Cclcceecc10C(=0)NC)CC 0 266 Fclcc2-c3c¢(c4c(NC(C=C4C)(C)C)cc3)/C(/Oc2ccl)=C\clncceclC 0

267 0(C(=0)C)C1(CCC2C3C(CCC12C)CL(C(=CC(=0)CC1)CC3)C)C(=0)C 0 267 Clclec(ceclF)-clec2c(NC(OC2(C)C)=0)ccl 0

268 S(P(OC)(=0)NC(=0)C)C 0 268 FC(F)(F)C1=CC(=0)NC2C1C=CC(NC(CC)(C)C)=C2 0

269 CIC12C3C(cacc3c=C4)C(Cl)(c1(clclc(cl)=C2cl 0 269 FC(F)(F)clce(ncclC#N)N1CCCCCL 0

270 0C1CC2=CCC3C4CCC(C(CC\C=C(\C)/C)C)C4(CCC3C2(CcL)c)C 0 270 FC(F)(F)clcc(N2CC(N(CC2C)C(=0)Nc2cee(nc2)C(F)(F)F)C)ccclCHN 0

271 Fclcc(F)cc(F)cIN(O)O 0 271 Fclec(ce(c1)CHN)-clec2¢(NC(C=C2C)(C)C)ccl 0

272 Clclec(Cl)c(Cl)cel-clec(Cl)c(Cl)ccl 1 272 FC(F)(F)clc2c(nccl)ccINC(CCclc2)(C)C 1

273 Fclcceec10C 0 273 O[C@H]1Ccc2c3c(CC[C@]12C)[C@@]1(C(C[C@@H](0)CC1)=CC3 0

)C

274 Fclcceecl-cleceecl 1 274 01CC(=0)Nc2c(cc(cc2)-c2n(C)c(cc2)CH#N)C1(C)clocccl 1

275 0O(C(=0)C(C)=C)clccc(cc1)C(C)(C)cleec(0C(=0)C(C)=C)ccl 1 275 slcc(cc1)\C=C/1\0c2c(cc(F)cc2)-c2c\1c1c(NC(C=C1C)(C)C)cc2 1

276 Brclcc(Br)c(Br)cc1Oclcec(Br)cclBr 1 276 FC(F)(F)C1=CC(=0)N(c2clcclc(N(CCC1CC)C)c2)C 1

277 Clclcc(Cl)cecl-clec(Cl)c(Cl)ecl 1 277 FC(F)(F)C1=CC(=0)NC2C1C=C(CC)C(NCC(F)(F)F)=C2 1

278 Clclcc(Cl)ec(Cl)cl-cleec(Cl)ecl 1 278 FC(F)(F)clcc(Oc2cc(ccc20C)CO)cecc1CHN 1

279 Clclc(cec(Cl)c1Cl)-clec(Cl)c(Cl)ccl 1 279 Brclcec(N2C(=0)[C@H]3[C@H](C4CC3C=C4)C2=0)cclC 1

280 0=C(C)clc2c3c4c(cc2)cccedecc3ecl 1 280 0=C/1CC2C3C(CC[C@]2(C)\C\1=C/C)[C@@]1(C(=CC(=0)CC1)CC3) 1

C

281 Clclcc(Cl)c(Cl)eccl-cleec(Cl)ecl 1 281 S(C)clncc(NC(=0)N2C[C@ @H](N(C[C@H]2C)c2cc(C(F)(F)F)c(cc2)C 1
#N)C)ccl

282 Clclc(Cl)ec(cc1Cl)-clec(Cl)c(Cl)c(Cl)cl 0 282 FC(F)(F)C1=CC(=0)Nc2c1cc1N(CCOclc2)Cclccececl 0

283 Brclcc(cc(c1)C(F)(F)F)C(F)(F)F 0 283 0=C1N(c2c3c(ccee3)c([N+](=0)[0- 0

1)cc2)C(=0)[C@@H]2[C@H]1C1CCC2C=C1
284 Clclcec(cc1CHN)C(F)(F)F 0 284 S(cleceeclC)elec(C(F)(F)F)c(ccl)C#N 0
285 Clclec(N2C(=0)C3(CC3(C)C2=0)C)cc(Cl)c1 1 285 FC(F)(F)clcc(ccc1CH#N)-clec(O)cccl 1
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Trainingset-1 Smiles activity Training set-2 Smiles activity
286 Clclcc(Cl)ccc10clec(OC)c(N(O)O)ccl 1 286 S(CC)clcecec1Oclec(C(F)(F)F)c(ccl)C#N 1
287 Clclcc(NC(=O)N(C)C)ccclCl 1 287 FC(F)(F)C1=CC(=0O)N(c2clccl[C@@H]3[C@H](Nc1c2)CCCC3)CC 1
288 Clc1ec(NC(=0)N(OC)C)ccclCl 1 288 O[C@H]1CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(C[C@ 1
@H](0)CC1)=CC3)C
289 Clclccec(Cl)cl-clcccecl 1 289 Brclec(O)c(cc1OC)C[C@H]1C(C)(C)[C@H](Br)CCC1=C 1
290 CIC12C3C(COS(0C3)=0)C(Cl)(c1(chclc(cl)=C2Cl 1 290 0=C1CC[C@ @]2(C3C(C4CC=C(n5c6c(nc5)ccec)[C@]4(CC3)C)CCC 1
2=C1)C
291 Clclc(-c2cccec2)c(Cl)c(Cl)cclcl 1 291 FC(F)(F)c1c2c(ncel)c(cINC(CC(clc2)C)(C)C)C 1
292 S=P(Oclnc(nc(c1)C)C(C)C)(OCC)ocC 0 292 Clclec(F)eccl[C@@H]1C(C#N)=C(NC(C)=C1C(OC(C)(C)C)=0)C 0
293 S(=0)(=0)(NC(0C)=0)clccc(N)ccl 0 293 Br\C=C\1/0c2c(cc(F)cc2)-c2¢c/1clc(NC(C=C1C)(C)C)cc2 0
294 FC(F)(C(F)(F)C(F)(F)C(F)(F)C(F)(F)F)C(F)(F)C(F)(F)C(O)=0 0 294 Clclec(N(Cc2cecec2C(F)(F)F)[C@H]2CCN(C2)C)cecc1CHN 0
295 Clclcc(Cl)ccc10clece(Cl)cc1O 1 295 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2cc(cnc2)C)C)ece 1
1CH#N
296 Cle1ece(Cl)ec(Cl)e1-c1e(Cl)ce(Cl)cclcl 0 296 Fclcc2-c3c(ca4c(NC(C=C4C)(C)C)cc3)/C(/Oc2ccl)=C(\CC)/C 0
297 c(cce)(c=C)C 1 297 0=C1N(c2ccc([N+](=0)[O- 1
1)cc2)C(=0)N2[C@H]1[C@ @H]IN(C[C@H]2C1)C(OC(C)(C)C)=0
298 0O=C(Nclcce(ccl)C(C)C)N(C)C 0 298 O=[N+]([O-])clccc(cel)CC1C(CC(=CC1=C)C)(C)C 0
299 Clc1ccecc\C(=C(/CI)\Cl)\clcee(Cl)ecl 1 299 S1c2c(N(c3clceece3)CC(=0)clc3c(ccel)cece3)cc(cc2)C(F)(F)F 1
300 0C(=0)CCCclc2c3clc(cc2)ccecdecc3cecl 0 300 Clc1nc2c(cec3CCC(N(c3¢2)C)(C)C)c(c1)C(F)(F)F 0
301 S(0)(=0)(=0)c1c(cc(cclC)C)C 0 301 FC(F)(F)clcc(cc(c1)C(F)(F)F)C1CCNc2clcclc(nc(O)cclC(F)(F)F)c2 0
302 Fclce(ceccl10)C(C(C)clec(F)c(O)cecl)CC 1 302 Clclec(ccel)C10c2c(-c3¢1clc(NC(C=C1C)(C)C)cc3)ccec2 1
303 Clclcc(Cl)ccc1OP(SCCC)(=S)0CC 1 303 FC(F)(F)clcc(Oc2cec(cc20CC)C)eccc1CEN 1
304 Clclcec(cc(Cl)cl)-cleceecl 1 304 Fclcc2-c3c¢(c4c(NC(C=C4C)(C)C)cc3)/C(/Oc2cc1)=C\clocccl 1
305 Clcleceecl-cleec(Cl)ecl 1 305 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]ACC[C@H](O)[C@]4( 1
CC[C@H]23)C)CCCCCCCC(=0)N(C)C)C1)C
306 Fclcec(ccl)C(C)=C 1 306 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]ACC[C@H](O)[C@]4( 1
CC[C@H]23)C)CCCCCCCC(=0)N)C1)C
307 Clclec(Cl)c(Cl)cc1-clec(Cl)c(Cl)eclCl 0 307 0=C1CC[C@]2([C@H](C1)C[C@H]([C@H]1[C@@H]3CC[C@H](O)[ 0
C@]3(CC[C@@H]12)C)CCCCCCCC(=0)N(C)C)C
308 Cledc(cec(Cl)e1Cl)-clec(Cl)c(Cl)cclcl 1 308 0=C1CCC2=C3C(C4CC[C@](0)(CCCO)[C@]4(CC3c3ccc(N(C)C)ce3)C 1
)CCC2=C1
309 Clelc(cc(Cl)c(Cl)e1Cl)-clec(Cl)e(Cl)eclCl 1 309 0=C1CCC2=C3[C@H]([C@@H]4CC[C@](O)(CCCO)[C@@]4(C[C@ 1
@H]3c3cec(cc3)C(=0)C)C)CCC2=C1
310 Clclccc(NC(=0)NC(=0)c2c(F)cccc2F)ccl 0 310 0=C1CC2C[C@H]([C@H]3[C@@H]ACC[C@H](O)[C@]4(CC[C@@H 0
13[C@]2(CC1)C)C)CCCCCCCC(=0)N(CCCC)C
311 Clclec(Cl)cec1C(OCC=C)Cnlcencl 1 311 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]ACC[C@H](O)[C@]4( 1
CC[C@H]23)C)CCCCCCCC(=0)N(CCCC)C)C1)C
312 Clclcc(Cl)ec(Cl)cl-clecececl 1 312 slcc(cc1C#N)-clec2c(NC(OC2(C)C)=0)ccl 1
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Trainingset-1 Smiles activity Training set-2 Smiles activity
313 Clclcec(Cl)eel-clee(Cl)ecclCl 0 313 O[C@]1(Cccac3c(cc[Cc@]12C)[C@@]1(C(C[C@@H](0)CC1)=CC3) 0
C=C)C#C
314 0C(C(0)C(=0)co)c(0)co 0 314 O[C@]1(CC[C@H]2[C@H]3[C@H](CC[C@]12C)[CR@]L(C(CIC@@ 0
H](0)CC1)=CC3)C=C)CHC
315 S=P(Oclcc(cccIN(0)0)C)(OCC)NC(CC)C 1 315 0=C1N([C@@H]2CC[C@@H]3[C@@H]4C\C(=C\c5nccec5)\[C@ @ 1
H](0)[C@@]4(CC[C@H]3[C@@]2(C=C1)C)C)C

316 S1CCSC1C(0)C(0)Cc(0)Cc(0)co 0 316 FC(F)(F)C1=CC(=0)NC2C1C=CC(NCclccceel)=C2 0

317 nlcccecl-clnccecl 0 317 FC(F)(F)C1=CC(=0)Nc2c1cc1INCCOclc2 0

318 01c2¢(0CC1CO)ceecc2 1 318 Clclec(F)c(cc1)CN(Celeccecl)cleece(NS(=0)(=0)C)clC 1

319 Clclec(N2C(=0)CN(C(=0)NC(C)C)C2=0)cc(Cl)cl 0 319 FC(F)(F)clcc(N2C(=0)[C@ @H]3N([C@H]4C[C@ @H]3N(C4)C(=0)c 0

3cceec3)C2=0)ccclCHN
320 0=C1/C(/C2CCC1(C)C2(C)C)=C/clecc(ccl)C 0 320 0O(CCC(0)=0)cleec(ccl)CCCIC@H]I[C@HI2[C@@H]3CC[C@@](O) 0
(C)[C@]3(CCIC@@H]2[C@@]2(C(=CC(=0)CC2)C1)C)C
321 01C(=0)C(C)C(0C1(C)C)=0 0 321 0=C1CC[C@]2([C@@H](CC([C@HI3[C@@H]4CC[C@H](O)[C@]4( 0
CC[C@H]23)C)CCCCCCCC(=0)N(CCC)C)C1)C

322 Clclnc(nc(Cl)c1)-cleceecl 0 322 S=C1IN(C(=0)C(N1CCCS(=0)(=0)N)(C)C)clcc(C)c(ccl)CHN 0

323 O(C(=0)NC)clcceccclC(CC)C 0 323 FC(F)(F)C1=CC(=0)NC2C1C=C(C)C(NCC(C)C)=C2 0

324 Clclcccecl-clec(Cl)ec(Cl)cl 1 324 Clclcc(N2C(=0)[C@H]3[C@H](C4CC3C=C4)C2=0)ccclCl 1

325 Clclec(Cl)c(Cl)ccl-clec(Cl)ccclCl 0 325 FC(F)(F)clcc(cccl)C10c2c(-c3¢c1clc(NC(C=C1C)(C)C)ce3)ccec2 0

326 Clclc(ce(Cl)e(Cl)clCl)-clec(Cl)c(Cl)ccl 1 326 S(C(C)(C)C)clec(C(F)(F)F)c(ccl)CHN 1

327 Clclceec(Cl)cl-cleceeclCl 1 327 S(C)clecec(ccl)CN1CC(C)(C)[C@ @H](Oc2cc(C(F)(F)F)c(cc2)C#N)C1= 1

[¢]

328 Clclc(cecclCl)-clece(Cl)ecl 1 328 FC(F)(F)clcc(N2C(=0)[C@H]3[C@H](C4CC3CC4)C2=0)cccl 1

329 Clclcc(cc(Cl)cl)-cleec(Cl)ecl 1 329 FC(F)(F)clcc(O)nc2c1ccl1CCC3(N(CCC3)clc2)C 1

330 Clclc(cecclCl)-clecec(Cl)clcCl 0 330 slcc(cc1)C1(OCC(=0)Nc2clec(cc2)-c1n(C)c(ccl)C#N)C 0

331 Clclcc(Cl)ccc1OP(SCCC)(0CC)=0 0 331 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2cnccc2C)C)cecl 0

CH#N
332 Clclecec(cc1)CP(OCC)(OCC)=0 0 332 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]4CC[C@H](O)[C@]4( 0
CC[C@H]23)C)CCCCCCC(=0)N(CC)CC)C1)C

333 Brclc(Br)c(Br)ccc1Oclcec(Br)ccl 1 333 O[C@H]1CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(=CC(CC 1
1)=C)CC3)C=C

334 Clc1c(Cl)c20c3cc(Cl)c(Cl)cc30c2cciCl 0 334 FC(F)(F)clcc(N2C(=0)C(N(CCOCCOCCOCc3cc(C(=0)N)c(0)ce3)C2= 0
0)(C)C)ccc1CHN

335 ON(O)clc(C)c(cc(N(0)O)clNC(CC)CcC)C 1 335 FC(F)(F)c1lcc(N2C(=0)C(N(OCCOCCOCCc3cc(C(=0)N)c(0)cc3)C2=0 1
)(C)C)ccc1CHN

336 CIC(clcec(OC)cel)(clece(0C)cel)cleceecl 1 336 S(=0)(CCCC)clnc2c(cc3CCC(Nc3c2)(C)C)c(c1)C(F)(F)F 1

337 CICCCC(=0)clccc(OC)ccl 0 337 Clc1lnc2c(cc3c(N(C)C(C=C3C)(C)C)c2)c(c1)C(F)(F)F 0

338 Clclc2c(cecl)c(cle(ccecl)c2C#Celeccecl)CHCelececcl 0 338 S(=0)(=0)(C[C@](O)(C(=0)Nclcc(C(F)(F)F)c(ccl)C#N)C)clece(F)ecl 0

339 O(C(=0)cceeecccccccce)cc 0 339 FC(F)(F)C1=CC(=0)Nc2c1ccIN(CC(F)(F)F)[C@H](COclc2)clcccecl 0
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Trainingset-1 Smiles activity Training set-2 Smiles activity
340 Brclec(Cl)c(OP(SCCC)(OCC)=0)ccl 0 340 Fcleec(OC(=0)N2[C@ @H]3[C@H]4N([C@ @H](C3)C2)C(=0)N(c2c 0
3c(ccee3)c([N+](=0)[0-])cc2)C4=0)ccl
341 Clclcc(Cl)cccl-clec(Cl)cecdCl 1 341 FC(F)(F)clcc(N2C(=0)[C@ @H]3[C@ @H](C40C3(CC4)C)C2=0)cccl 1
342 Clclc(-c2cccec2Cl)c(Cl)cecdCl 1 342 FC(F)(F)clcc(N2C(=0)C(N(CCOCCN3CCN(CC3)CCOCc3cc(C(=0)N)c( 1
0)cc3)C2=0)(C)C)ccclCHN
343 Clclc(cecclCl)-clec(Cl)ec(Cl)cl 0 343 Iclcec(N2C(=0)[C@H]3[C@H](C40C3CC4)C2=0)cclCl 0
344 Clclcc(Cl)ccc10clec(C(OC)=0)c(N(0)O)ccl 1 344 O(CCCCC(0)=0)clcc(cecl)CCCC[C@H]1[C@H]2[C@@H]3CC[C@ 1
@](0)(C)[C@]3(CCI[C@@H]2[C@@]2(C(=CC(=0)CC2)C1)C)C
345 0=C(Nclcce(cel)C)NC(C)(C)cleceecl 0 345 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]4CC[C@H](O)[C@]4( 0
CC[C@H]23)C)CCCCCCCC(=0)N2CCCC2)C1)C
346 ClC=1C2=CC(=0)C3C(C3)C2(C2C(C3CCC(OC(=0)C)(C(=0)C)C3(CC2)C)C 1 346 0=C1CC[C@]2([C@H](C1)C[C@H]([C@H]1[C@@H]3CC[C@H](O)[ 1
=1)C C@]3(CC[C@@H]12)C)CCCCCCCCCC(0)=0)C
347 Clclec(ccec10clec(OCC)c(N(O)O)ecl)C(F)(F)F 1 347 O(clcec(cclOC)CH#N)clec(cecl)C 1
348 Clclccc(OC(n2nenc2)C(=0)C(C)(C)C)ccl 0 348 FC(F)(F)clcc(Oc2cec(cc20)C)ccclCHN 0
349 0C1CC2CCC3CACCC(C(CCC(0)=0)C)ca(cce3c2(ccL)c)c 0 349 O[C@@H]1CC2=CCC3CACC=C([C@]4(CCC3[C@]2(CC1)C)C)clncen 0
cl
350 0O(C(=0)clccceclC(0)=0)Cc(ccce)cc 0 350 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2ccc(nc2)N)C)cce 0
1CH#N
351 nlc(cccclC)-clnc(ceccl)C 0 351 Brclec(O)c(cc1OC)C[C@@H]1C(CCCC1=C)(C)C 0
352 01C=C(C(=0)c2clcc(0)cc20)clecc(O)ccl 0 352 O[C@@H]1CC2=CCC3C4CC=C(n5cbec(nc5)ccec)[C@]4(CCC3[C@] 0
2(CC1)C)C
353 FC(F)(F)clccccclC#N 0 353 Brclcc2-c3c(c4c(NC(C=C4C)(C)C)cc3)COc2ccl 0
354 0(C)clec(cec10)\C=C\C(=0)CC(=0)\C=C\c1lcc(OC)c(O)ccl 0 354 Cleleee(cc1)C\1=NOC(=0)/C/1=C\clccc(N2CCCC2)ccl 0
355 0OC(=0)CCCCCCC\C=C\C\C=C\C\C=C\CC 0 355 S=C1IN(C(=0)C(N1CCCC(=0)N)(C)C)clcc(C(F)(F)F)c(ccl)CHN 0
356 OC(C(O)(c1cceccl)cleccecl)(cleeceel)clcceccl 0 356 Brclec(cecc1)C10c2¢(-c3c1leclc(NC(C=C1C)(C)C)cc3)cecc2 0
357 0=C1CC(C)C2(CC(CCC2=C1)C(C)=C)C 1 357 Clclec(N2C(=0)C(N(CCCS(=0)(=0)N)C2=S)(C)C)ccclCHN 1
358 [NH+]1(C=CC(=C[CH-]1)C1=C[CH-][NH+](C=C1)C)C 0 358 FC(F)(CCCC(CCCCCCCC[C@H]1[C@H]2[C@@H]3CC[C@H](0)[C@] 0
3(CCIC@@H]2[C@@]2([C@H](CC(=0)CC2)C1)C)C)C(0)=0)C(F)(F)
359 0O(C(=0)cceecceccc)c=C 0 359 S(clc(ccec1C)C)elec(C(F)(F)F)c(ccl)CHN 0
360 oc(cceececcccce)c 0 360 Oclc2ncecc2c(N2C(=0)[C@H]3[C@H](C4CC3C=C4)C2=0)ccl 0
361 OC1CCC2(C(CCC3(C2CCC2CAC(CCC23C)(CCCac(C)=C)co)C)CL(C)C)C 0 361 0O(CCCCCC(0)=0)clcec(ccl)CCCCIC@H]L[C@H]2[C@@H]3CC[C@ 0
@](0)(C)[C@]3(CCI[C@@H]2[C@@]2(C(=CC(=0)CC2)C1)C)C
362 0C1C2C3CCC(C(CCC(0)=0)C)C3(CCC2C2(C(C1)CC(0)CcC2)C)C 0 362 Oclcc2c(ccl)[C@]1([C@@H](C[C@](0)(CC1)CHCC)CC2)CC 0
363 OC1CC2C(C3CCC(C(CCC(=0)NCC(0)=0)C)C13C)C(0)Ccc1cc(o)ccc12c 0 363 Clclec(F)c20Cc3c4c(NC(C=C4C)(C)C)cee3-c2cl 0
364 01c2cc(0)cec2-c2oc3cc(0)ccc3c2C1=0 0 364 FC(F)(F)clcc(Oc2cecec2-c2ccecc2)ccc1CHN 0
365 Oclcc(O)cc(0)clC(=0)C 0 365 O(CCCC(0)=0)clcec(ccl)CCCIC@HIL[C@HI2[C@@H]3CC[C@@]( 0
0)(C)[C@]3(CC[C@@H]2[C@@]2(C(=CC(=0)CC2)C1)C)C
366 0C1CCC2C3C(CCC12C)C1(C(=CC(=0)CC1)CC3)C 1 366 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]4CC[C@H](O)[C@]4( 1

CC[C@H]23)C)CCCCCCCC(=0)N(C(C)C)C)C)C
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Trainingset-1 Smiles activity Training set-2 Smiles activity
367 Brclec(Cl)c(OP(=S)(OCC)OCC)cclCl 1 367 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2cc(OC)enc2)C)cc 1
c1C#N

368 c12¢(c3c(ce(ce3)C(C)C)ecl)cecc2C 1 368 0=C(N1CCCC1)cin(cc(N(Cc2cceece2)c2cecc([N+](=0)[0-])cc2)c1)C 1

369 CICc1c(C)c(C)c(C)c(C)c1C 0 369 S(CC1CCC1)clcc(OC)c(ccl)CHN 0

370 01C=C(C(=0)c2clcc(0)cc2)clece(O)ecl 0 370 Brclec(O)c(cc1OC)C[C@ @H]1C(C)(C)[C@H](Br)CCC1=C 0

371 01C=C(C(=0)c2c1cc(0)cc20)clecc(0C)ccl 0 371 FC(F)(F)clcc(nc2clecc1CCC(Nc1c2)(C)C)C(F)(F)F 0

372 0O(C)clcc(OC)cccIN(O)O 1 372 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2ccc(nc2)C(0C)= 1

0)C)ccc1CHN

373 01CCc2c¢(C1)ccec2 0 373 S(=0)(=0)(C)cinc2c(cc3CCC(Nc3c2)(C)C)c(c1)C(F)(F)F 0

374 Brclcceec1Oclec(Br)c(Br)ccl 1 374 Clclcc(N2C(=0)[C@H]3[C@H](C40C3CC4)C2=0)ccclCl 1

375 FC12C(C3CC(C)C(0)(C(=0)C0)C3(CC10)C)Cccc1=CCc(=0)Cc=CCc12C 1 375 Brclecec(cel)C10c2c(-c3clclc(NC(C=C1C)(C)C)cc3)ccec2 1

376 0C1(CCC2C3C(C4(C(=CC(=0)CC4)CC3)C)C(=0)CC12C)C(=0)COC(=0)C 0 376 Felec(F)cec1Oclec(C(F)(F)F)c(ccl)CHN 0

377 0C1C2C(C3CCC(C(=0)CO)C3(C1)C)CCC1=CC(=0)CCC12C 1 377 slcc(cc1CHN)-clec2c(NC(C=C2C)(C)C)ccl 1

378 0OC1C2(C(CC10)C1C(CC2)c2¢(cc(0)cc2)CCl)C 1 378 Clcleec(N2C(=0)[C@H]3[C@H](C40C3CC4)C2=0)cclC 1

379 0C1CCC2C3C(CCC12C)clc(cc(0)ecl)CC3 0 379 FC(F)(F)clcc(N2C[C@H](N(C[C@ @H]2C)C(=0)Nc2cec(nc2)C(=0)C) 0

C)ccclCHN

380 Clclcec(ccl)C(C(Cl)(Cl)Cl)clcec(Cl)ecl 1 380 0=C1N(c2ccc(cc2)C#N)C(=0)N2[C@H]1[C@H]1IN(C[C@@H]2C1)C 1
(0c(C)(C)C)=0

381 Clclceec(Cl)c1C(0)=0 0 381 O[C@H]1CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(C=C(CC 0
1)CC)=CC3)C=C

382 c12c3c4ceclclc(cc2cecc3cecd)ccccl 1 382 S(=0)(=0)(Nc1nc2c(cc3CCC(Nc3c2)(C)C)c(c1)C(F)(F)F)C 1

383 O(C(=0)clcccecl)clecc2CCC3C4CCC(0)C4(CCC3c2cecl)C 0 383 FC(F)(F)C1=CC(=0)NC2C1C=C(CC)C(NC)=C2 0

384 0C(C(0)Cc(0)Cc=0)Cc(0)cO 0 384 FC(F)(F)C1=CC(=0)NC2C1C=CC(NC1CCCCC1)=C2 0

385 Oclcc(cccl0)CC(C(Celec(O)c(O)cc1)C)C 0 385 Clclcc(N2C(=0)[C@H]3[C@H](C4CC3C=C4)C2=0)ccclF 0

386 occco 0 386 S(CCC(C)C)clec(C(F)(F)F)c(ccl)CHN 0

387 Clclec(N2C(=0)C(0C2=0)(C=C)C)cc(Cl)c1 1 387 O[C@]1(CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(C=C(CC 1
1)C)=CC3)C=C)C

388 S1CCSC1=C(C(0C(C)C)=0)C(0C(C)C)=0 0 388 FC(F)(F)clcc(Oc2ccccc2C)cecclCN 0

389 Clclec(ccc10clec(C(0)=0)c(N(0)O)cc1)C(F)(F)F 0 389 FC(F)(F)C1=CC(=0)NC2C1C=CC(N(CCC)CC(F)(F)F)=C2 0

390 Clclec(cec10clec(C(OC)=0)c(N(O)O)ccl)C(F)(F)F 1 390 0=C1CC2C[C@H]([C@H]3[C@@H]4CC[C@H](O)[C@]4(CC[C@@H 1

13[C@]2(CC1)C)C)CCCCCCCCC(=0)N(CCCC)C

391 0C(=0)CCCC\C=C\C\C=C\C\C=C\CcCcccC 1 391 O[C@H]1CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(C=C(CC 1
1)C)=CC3)C=C

392 OC(=0)cceecccccceccccccce 0 392 0=C1CC2C[C@H]([C@H]3[C@@H]4CC[C@H](O)[C@]4(CC[C@@H 0

13[C@]2(CC1)C)C)CCCCCCCCCC(=0)N(CCCC)C
393 OC1CCC2(C(CCC3(C2CCC2CACC(CCC4A(CCC23C)CO)(C)C)C)CL(C)C)C 0 393 FC(F)(F)C1=CC(=0)Nc2c1ccIN(CC(F)(F)F)[C@H](COclc2)clcc(cecl 0

)
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Trainingset-1 Smiles activity Training set-2 Smiles activity
394 FC(F)(C(O)=O)C(F)(F)F 0 394 FC(F)(F)C1=CC(=0)NC2C1C=CC(N(CC)CC)=C2 0
395 Clclcec(cc1)C(0)(C(OCC)=0)clcec(Cl)ccl 1 395 O1N=C(C)\C(=C\c2ccc(N(CC)CC)ec2)\C1=0 1
396 01C(0C20C(COC30C(CO)C(0)C(0)C30)C(0)C(0)C20)(Co)Cc(0)C(0)C 0 396 0=C1CC[C@@]2([C@@H]3[C@H]([C@@H]4CC[C@@](0)(C)[C@] 0
1CO 4(CC3)C)[C@@H](CC2=C1)CCCCCCCCCC(0)=0)C
397 CICC(=0)N(C(COC)C)clc(cceciC)CC 0 397 0=C(N1CCCC1)c1n(cc(N(Cc2cceec2)c2cec(cc2)CH#N)cl)C 0
398 CICC(=0)N(CCOCCC)clc(ccecicC)cC 0 398 S(=0)(=0)(N(S(=0)(=0)C)c1lnc2c(cc3CCC(Nc3c2)(C)C)c(c1)C(F)(F)F) 0
C
399 01C2(C(OC1CCC)CC1C3C(CA(C(=CC(=0)C=C4)CC3)C)C(0)CC12C)C(=0) 1 399 FC(F)(F)c1cc(N2C(=0)[C@HI3N([C@H]4C[C@ @H]3N(C4)C(OC(C)( 1
CcO C)C)=0)C2=0)ccc1CHN
400 Clelee(Cl)ecce10cleec(0C(C(0C)=0)C)ccl 0 400 Fclcc2-c3c¢(ca4c(NC(C=C4C)(C)C)ce3)/C(/Oc2ccl)=C/clcccccl 0
401 S(Cclnc[nH]c1C)CCN\C(=N/C)\NC#N 0 401 Fclcc(F)ce-2¢10Cc1e3¢(NC(C=C3C)(C)C)cccl-2 0
402 Clclcce(ce1)C(C(C)C)C(OC(CH#N)clec(Oc2cceec)ceccl)=0 0 402 0O\1c2c(-c3c(c4c(NC(C=C4C)(C)C)cc3)/C/1=C/clcccccl)cecc2 0
403 c12¢(c(c3c(ccee3)cl-cleccecl)-cleceeel)c(clc(ccecl)c2-cleccecl)- 0 403 FC(F)(F)clcc(N2C(=0)[C@H]3[C@H](C4CCC3CCC4)C2=0)cccl 0
clcceecl
404 Clclece(cc1)CS(=0)C(=0)N(CC)cC 0 404 0O(CCCCC(0)=0)clccc(ccl)CCC[C@H]I[C@H]2[C@@H]3CC[CR@] 0
(0)(Q)[C@]3(CCIC@@H]2[C@@]2(C(=CC(=0)CC2)C1)C)C
405 S(C(=0)C)C1C2C3CCC4(0OC(=0)CC4)C3(CCC2C2(C(C1)=CC(=0)CC2)C)C 1 405 0=C/1CC2C3C(CC[C@]2(C)\C\1=C\C)[C@@]1(C(=CC(=0)CC1)CC3) 1
C
406 CIc(cl)(cl)c(p(OC)(0C)=0)0 0 406 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]4CC[C@H](O)[C@]4( 0
CC[C@H]23)C)CCCCCCCC(=0)N(CC)C)C1)C
407 Clclece(cc1)C1(0)CCN(CC1)CCCC(=0)clecc(F)ecl 0 407 0=C1CC[C@]2([C@H](C1)C[C@H]([C@H]1[C@@H]3CC[C@H](O)[ 0
C@]3(CC[C@@H]12)C)CCCCCCCC(0)=0)C
408 0C1(CCC2C3C(CCC12C)C1(C(=CC(=0)CC1)C(C3)C)C)C(=0)C 0 408 Brclc2c(ccec2)c(N2C(=0)[C@H]3[C@H](C40C3CC4)C2=0)ccl 0
409 Brclc2c(cece2)c(Br)c2clccec2 0 409 0O(CCCC(0)=0)clcc(cccl)CCCC[C@H]1[C@H]2[C@@H]3CC[C@@] 0
(0)(Q)[C@]3(CCIC@@H]2[C@@]2(C(=CC(=0)CC2)C1)C)C
410 CI\C(\CI)=C\C1C(C)(C)C1C(OC(C#N)clcc(Oc2cecee2)cccl)=0 0 410 FC(F)(F)C1=CC(=0)NC2C1C=C(C)C(NCCC)=C2 0
411 CI\C(\CI)=C\C1C(C)(C)C1C(OCclcc(Oc2cecce2)cecl)=0 0 411 Clc1nc2c(ce3c(NC(CC3C)(C)C)c2C)c(c1)C(F)(F)F 0
412 Clclc(-c2cec(Cl)ec2)c(Cl)ccclcl 1 412 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2ccenc2C)C)cecl 1
CH#N
413 Clclc(Cl)cc(cc1Cl)-clec(Cl)c(Cl)cclcl 1 413 Fclcc(ce(c1)CH#N)-clec2c(NC(=0)COC2(CC)c2occc2)ccl 1
414 Clc1c(N)c(Cl)c(Cl)c(Cl)cacl 1 414 FC(F)(F)C1=CC(=0)N(c2clcclc(NC(C=C1C)(C)C)c2)CC 1
415 0O(C)clec(ccec10C)C(=0)CC(=0)clec(0C)c(0C)ccl 1 415 O1[C@@H]2CC=3[C@@]([C@@H]4[C@H]([C@@H]5CC[C@H](O) 1
[C@]5(CC4)C)CC=3)(CC2)CC1
416 FC(F)(F)c1cc(NC(=0)C(0)(C)C)cccIN(O)O 1 416 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]4CC[C@H](O)[C@]4( 1
CC[C@H]23)C)CCCCCCCC(=0)NC)C1)C
417 N#CclccecclC 0 417 O=CIN([C@@H]2CC[C@@H]3[C@H]4C\C(=C\c5cnc(nc5)- 0
c5necee5)\[C@ @H](0)[C@ @]4(CC[C@H]3[C@ @]2(C=C1)C)C)C
418 Br\C(\Br)=C\C1C(C)(C)C1C(OC(C#N)clcc(Oc2ccecec2)cccl)=0 0 418 O[C@H]1CCC2C3C(CC[C@]12C)[C@@]1(C(C[C@@H](O)CC1)=CC3 0
)\C=C/C
419 0c1cc2CCC3CACCC(=0)C4(CCC3c2cc1)C 0 419 O[C@H]1CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(C[C@ 0
@H](0)CC1)=CC3)\C=C/C
420 c12c3c(cccleclcdc(ceclc?)ceccd)ccec3 0 420 FC(F)(F)c1c2c(nccl)ccIN(C)C(CCclc2)(C)C 0
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Trainingset-1 Smiles activity Training set-2 Smiles activity
421 01CC(Cc2clcc(0)cc2)clece(0)ecl 0 421 Clc1ncc(NC(=0)N2C[C@ @H](N(C[C@H]2C)c2cc(C(F)(F)F)c(cc2)CH 0
N)C)ccl
422 Oclc2c3c4c(cc2)ceccdecc3ecl 1 422 0O(C(=0)C=1[C@@H](C(C#N)=C(NC=1CCC)C)clc2c(nccl)ccec2)CC 1
423 clcceeclCC(C)C 0 423 01CC(=0)Nc2c(cc(cc2)-c2n(C)c(cc2)CH#N)C1(clocccl)clocecl 0
424 0=C(C(C)(C)elecencl)elecencl 0 424 01c2c(-c3c(c4c(NC(C=C4C)(C)C)cc3)Clclccceed)ccec2 0
425 N(C)(C)eLee(C)c(N=Nc2ceeee2)ccl 0 425 S=CLIN(C(=0)C(N1CCS(=0)(=0)N)(C)C)cLec(C(F)(F)F)c(ccl)CHN 0
426 Clelec(Cliecel 0 426 S(C)cLnc2¢(cc3CCCING3e2)(C)O)(CL) CIR)FIF o
427 nlc{nc(ncIN)N)C 0 427 | FC(F)(F)clec(N2C(=0)[C@ @H]3N(CACC3N(C4)C(OC(C)(C)C)=0)C2= o
0O)ccc1CHN
428 S(C)clcec(OP(=S)(0C)OC)cclC 1 428 slcccclC1(OCC(=0)Nc2clcec(cc2)-cin(C)c(ccl)CHN)clscecl 1
429 $(0CCCCOS(=0)(=0)C)(=0)(=0)C 1 429 S=CIN(C(=0)C(N1CCCNS(=0)(=0)N)(C)C)clcc(C(F)(F)F)c(ccl)CHN 1
430 ON(O)cln(C)e(ncl)C 0 430 Brelnc2c(ce3c(NC(CC3C)(C)C)e2C)c(c)C(F)(F)F 0
431 0(C(n1ncnc1)C(0)C(C)(C)C)clecc(ccl)-cleccecl 1 431 0=C1N(c2c3c(ccee3)c([N+](=0)[O- 1
1)cc2)C(=0)[C@ @H]2[C@H]1C1[C@H]3[C@@H](C2C=C1)C3
432 Cleleec(0C(n2nenc2)C(0)C(C)(C)C)ecl 0 432 Clclcc2-c3c(cAc(NC(C=CAC)(C)C)cc3)COc2ecl 0
433 ON(O)clc2c3c4c(cc2)cccedecc3ecl 1 433 Fclec(cee1)\C=C\1/0c2c(-c3¢/1c1c(NC(C=C1C)(C)C)cc3)ccec2 1
434 Clelc(-c2ccece)c(Cl)ccclCl 1 434 Fclcc2-c3c(c4c(NC(C=C4C)(C)C)ce3)/C(/Oc2ccl)=C/clccceclC 1
435 Clclcc(Cl)c(Cl)nc1OP(=S)(0C)OC 0 435 0=C1CC[C@]2([C@ @H](CC([C@H]3[C@@H]ACC[C@H](0)[C@14( 0
CC[C@H]23)C)CCCCCCCC(=0)N(Cc2ccecc2)C)C1)C
436 OC(=0)CCCN 0 436 | O[C@HILCCIC@HI2IC@HIBIC@H](CCIC@I120) [CR@IL(C(CIC@ 0
@](0)(CC1)C)=CC3)C=C
437 Oclcee(cel)/C(=C(\CC)/clecc(O)ccl)/CC 1 437 | O[C@H]1cceac3c(cClC@]120)[C@ @]1(C(C[C@@H](0)CC1)=CC3 1
)\C=C\C
438 c12c3c(cecleclc(c2)eccel)eceed 1 438 | 0(CCCC(0)=0)clccc(ccl)CCCC[C@H]I[C@H]2[C@@HI3CCICR@] 1
(0)(Q)[C@]3(CCIC@@H]2[C@@]2(C(=CC(=0)CC2)C1)C)C
439 oc(co)co 0 439 | 0(CclecenclC)clec2c(cel)[C@]L([C@@H](CIC@)(0)(CCL)CHCC)C 0
C2)cC
440 0OC(=0)CCCclccc(N(0)O)ccl 0 440 0=C(N1CCCC1)c1n(cc(N(CC2CCCCC2)c2ccc([N+](=0)[0-])cc2)c1)C 0
a4 S(P(=s)(0CC)OCC)CSP(=s)(0CC)OCC 1 411 S(CC(F)(F)F)cInc2c(cc3CCC(NC32)(C)C)(cL)C(F)FIF 1
442 0C1(CCC2C3C(CCC12C)clc(cc(O)ccl)CC3)CHT 1 442 Fc1c20\C(\c3c4c(NC(C=C4C)(C)C)ccc3-c2cecl)=C/cleccecl 1
443 cic12¢3c(cc(che3cl)c(cl(ci(chale(cl)=cacl 1 443 Felee(cec1F)\C=C\1/0c2¢(-c3¢/1c1c(NC(C=CLC)(C)C)ec3)ccec2 1
444 0=C1CCC2(C3C(CA4CCC(C(=0)C)C4(CC3)C)ccc=C1)C 1 444 Clelee(cee1Cl)C10c2¢(-c3c1c1e(NC(C=C1C)(C)C)cc3)ccec2 1
445 0O(C(=0)CC)C1CCC2C3C(CCC12C)CL(C(=CC(=0)CcCL)ce3)C 0 445 0O(C(=0)c1n(cc(N(Cc2cceec2)c2ceec([N+](=0)[0-])cc2)c1)C)CC 0
446 0C1CC2=CCC3C4CCC(C(CCCC(C)C)C)CA(CCC3C2(CCL)C)C 0 446 FC{F)(F)clec(cccICEN)-clec(OC)cccl 5
447 c12¢(cee3clecee3)c(cle(ceee)c2C)C 1 447 | S(=0)(CCCC(F)(F)C(F)(F)F)CCCCCCCIC@H]1[C@H]2[C@@H]3CC[C 1

@H](0)[C@]3(CCIC@@H]2[C@@]2(C(CC(=0)CC2)C1)C)C
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Trainingset-1 Smiles activity Training set-2 Smiles activity
448 Clclec(cc(Cl)c10P(=S)(0C)OC)C 1 448 FC(F)(F)clcc(ccc1CHN)-c1c(O)cecclO 1
449 Clclc(Cl)c2oc3cc(Cl)c(Cl)cec3c2cciCl 0 449 0=C(N(CC)CC)cln(cc(N(Cc2cecec2)c2cec([N+](=0)[0-])cc2)cl)C 0
450 0O(CCCC)cleec(ccl)C(=0)C 0 450 FC(F)(F)clcc(N2C(=0)C(N(CCCCN3CCN(CC3)CCOCc3cc(C(=0)N)c(O 0
)cc3)C2=0)(C)C)ccc1CHN
451 Clclc(Cl)ec(cc1Cl)-clec(Cl)c(Cl)ccl 1 451 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2cnenc2)C)ecclC 1
#N
452 Oclc2cc(O)cec2eccl 0 452 Fclcc2-c3c¢(c4c(NC(C=C4C)(C)C)cc3)/C(/Oc2cc1)=C/C=C(C)C 0
453 c12¢(cc(cc1)C)cecc2C 0 453 0=C(N1CCc2clcccc2)cln(cc(N(Cc2cecec2)c2cec([N+](=0)[O- 0
])cc2)c1)C
454 Clc1c(Cl)c20c3c(0c2cclCl)c(Cl)c(Cl)c(Cl)c3 0 454 0=C1N(c2cc3nccec3cc2)C(=0)[C@@H]2[C@H]1C1CC2C=C1 0
455 Clclcce(cel)-cle(nc(ncIN)N)CC 0 455 O\1c2c(-c3c(c4c(NC(C=C4C)(C)C)cc3)/C/1=C/clccccclC)ecec2 0
456 0OC1(Ccc2c3c(ccc12c)ci(c(=cc(=0)cc1)ce3)e)c 0 456 Clclec(cc(Cl)c1)C10c2¢(-c3clclc(NC(C=C1C)(C)C)cc3)cecc2 0
457 01C(CO)C(0)C(0)C1n1c2NC=NC(=0)c2ncl 0 457 S=C1N(C(=0)C(N1CCCS(=0)(=0)N)(C)C)clccc(CHN)c(C(F)(F)F)c1C 0
458 P(OCC10C(n2c3ncnc(N)c3nc2)C(0)C10)(0OP(0)(0)=0)(0)=0 0 458 slcc(cc1C#N)-clec2c(NC(C)(C)C(=0)C2(C)C)ccl 0
459 clcic(chc(cnc(cnc(cncacl 0 459 slc(ccc1C#N)-clec2c(NC(C=C2C)(C)C)ccl 0
460 Clc1cc2NCNS(=0)(=0)c2cc1S(=0)(=0)N 0 460 O[C@H]1CC[C@H]2[C@H]3[C@@H]([C@]45CC[C@ @H](O)[C@H] 0
(CC4)C5=CC3)CC[C@]12C
461 Clclec(Cl)cec1C(=0)clc(nn(C)c10S(=0)(=0)clcec(ccl)C)C 0 461 Clclcee(N2C(=0)[C@H]3[C@H](C40C3CC4)C2=0)ccl[N+](=0)[0-] 0
462 Clclcec(cel)C(0)(C(OC(C)C)=0)clcec(Cl)ccl 1 462 FC(F)(F)clcc(nc2clecc1CCC(Nclc2)(C)C)N 1
463 0O(C(=0)C1C(C)(C)C1\C=C(\C)/C)C1CC(=0)C(CC=C)=C1C 0 463 FC(F)(F)C1=CC(=0)NC2C1C=CC(N(C)C)=C2 0
464 N(CCclcccecl)C 0 464 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2cnccc20C)C)ece 0
1CH#N
465 Nclcec(ccl)CC 0 465 0=C1N(c2cc3c(cc2)ccec3)C(=0)[C@@H]2[C@H]1C1CC2C=C1 0
466 oc1ccce(ccr)c 0 466 Fclce(cecl1C)C10c2¢(-c3clclc(NC(C=C1C)(C)C)cc3)ceec2 0
467 0=C1Nc2c(C=C1)cccc2 0 467 Brclec(cc(c1)C)C10c2c(-c3clclc(NC(C=C1C)(C)C)cc3)cecc2 0
468 Clclcec(O)eclC 1 468 01c2c(-c3c(cac(NC(C=C4C)(C)C)cc3)Clclcec(ccl)C)cecc2 1
469 Clclnc(nc(n1)NCC)NC(C)(C)C 0 469 Fclcc2-c3c(c4c(NC(C=CA4C)(C)C)cc3)COc2ccl 0
470 ClC12C3C(C4C50C5C3C4)C(Cl)(CL(cl)cl)c(Cl)=Cc2Cl 1 470 0O(C(=0)C=1[C@@H](C(C(OC)=0)=C(NC=1C)C)clcc([N+](=0)[O- 1
])ccc1)C(C)(C)C
471 Oclcc(0)cc(0)c1C(=0)CCclecc(O)ccl 0 471 Fclcc(ce(c1)CH#N)-clec2c(NC(OC2(C)C)=0)ccl 0
472 ClclccecclC(O)(clece(Cl)ecl)clenencl 1 472 FC(F)(F)clcc(N2C[C@@H](N(C[C@H]2C)C(=0)Nc2ccc(nc2)C(F)(F)F 1
)C)ccc1CHN
473 Clclee(Cl)ecc1C1(0C(CO1)CCC)Cnlncncl 1 473 01CCN(CC1)C(=0)CCCCCCCCL[C@H]2[C@@H]3CC[C@H](O)[C@] 1
3(CCI[C@@H]2[C@@]2([C@ @H](C1)CC(=0)CC2)C)C
474 N(C)(C)clcec(ccl)C(cleec(N(C)C)eecl)cleec(N(C)C)ecl 0 474 FC(F)(F)clcc(ccc1CH#N)-clccccc10CC(0C)=0 0
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Trainingset-1 Smiles activity Training set-2 Smiles activity
475 Clclc2c(ceee2)c(Cl)c2clcecc2 1 475 0=C1N(c2c3c(ccee3)c([N+](=0)[0- 1
1)cc2)C(=0)N2[C@H]1[C@H]IN(C[C@@H]2C1)C(OC(C)(C)C)=0
476 nlc2c(ccel)c(N)cec2 0 476 S(clc(cc(cc1C)C)C)clec(C(F)(F)F)c(ccl)CH#N 0
477 Nclce2c(cel)ecle(c2)ccecl 1 477 O[C@H]1CC[C@H]2[C@H]3[C@@H]([C@]45CC[C@H](O)[C@H](C 1
C4)C5=CC3)CC[C@]12C
478 Clclcc(N(O)O)ce(Cl)c10 0 478 S=C1N(C(=0)C(N1CCCCS(=0)(=0)N)(C)C)clcc(C(F)(F)F)c(ccl)C#N 0
479 CI\C(\Cl)=C\OP(OC)(0C)=0 0 479 O[C@H]1Ccc2c3c(CC[C@]12C)[C@@]1(C(C[C@@H](0)CC1)=CC3 0
)\C=C/0C
480 Oclcce(cel)Celeec(O)ecl 1 480 Clclcec(ceclC)C10c2c(-c3c1clc(NC(C=C1C)(C)C)cc3)ccec2 1
481 S=C(Nclcce(cel)C)Neleee(cel)C 0 481 CI\C=C\[C@ @]12C3C(CACC[C@H](O)[C@]4(CC3)C)CC=CIC[C@@ 0
H](0)cc2
482 0=C(N)\C=C\clcccccl 0 482 Fclnc2c(ce3¢(NC(CC3C)(C)C)c2C)c(c1)C(F)(F)F 0
483 Oclccc(ccl)CO 0 483 slc(cccl[N+](=0)[0-])-clcc2¢(NC(C=C2C)(C)C)ccl 0
484 Clclcc(F)cecl 0 484 FC(F)(F)C1=CC(=0)Nc2c1c10C[C@H](Nclcc2)clcececl 0
485 Brclccencl 0 485 FC(F)(F)C1=CC(=0)Nc2c1c10CCNclcc2 0
486 0O(C(=0)c)cececc 0 486 Fclcc2-c3c¢(cdc(NC(C=C4C)(C)C)ce3)/C(/Oc2ccl)=C/clcccccIN(C)C 0
487 Icceccl 0 487 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]4CC[C@H](O)[C@]4( 0
CC[C@H]23)C)CCCCCCCC(=0)NCC)C1)C
488 c(cceeeccccccc)cceccccccecce 0 488 FC(F)(F)clcc(ccc1C#N)-clecececc10CCO 0
489 0=C1CCC2C3C(CCC12C)C1(C(=CC(=0)cc1)ce3)c 0 489 Clclcec(cel)C10c2c(-c3c1clc(NC(C=C1C)(C)C)cc3)ccec2 0
490 O(C(=0)NC)clc2c(cecl)cece2 0 490 FC(F)(F)clcc(N(C(C(=O)N(C)C)C)CC(F)(F)F)ccc1CH#N 0
491 01C(CO)C(0)c(0)Cc(0)c10c1c(o)c(o)c(ocico)o 0 491 Fclcee(F)ec1\C=C/1\0c2c(-c3c\1c1c(NC(C=C1C)(C)C)cc3)cccc2 0
492 clcceeclC(=C(cleececl)clcececl)cleececl 0 492 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]4CC[C@H](O)[C@]4( 0
CC[C@H]23)C)CCCCCCCC(=0)NCCC)C1)C
493 S(=0)(=0)(N)clccc(N(0)O)ccl 0 493 S(=0)(=0)(Nclccee(N(Cc2cec(Oc3cc(OCCCC(=0)NCCCC(0)=0)ccc3) 0
cc2)Cc2ccece2)clC)C
494 FC(F)(F)clcc(N2C(=0)C(NC2=0)(C)C)cccIN(0)O 1 494 S=C1N(C(=0)C(N1CCCNC(=0)N)(C)C)clcc(C(F)(F)F)c(ccl)CHN 1
495 0=C1CCC(=0)CC1 0 495 O[C@]1(CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(C=C(CC 0
1)C)=CC3)C=C)CH#C
496 occ 0 496 FC(F)(F)clcc(Oc2cc(ccc2)C)eccc1CHN 0
497 S(CCSP(=S)(0C)oC)cC 0 497 FC(F)(F)clcc(N2C(=0)[C@H]3[C@H](CA[C@@H]5[C@H](C3C=C4) 0
C5)C2=0)cccl
498 Clclcec(N(C(C)C)C(=0)CSP(=S)(0C)OC)ccl 1 498 FC(F)(F)clcc(ncclCHN)N([C@ @H](C)clcccecl)C 1
499 Clc1nc(nc2clcecc2)-clececcl 0 499 FC(F)(F)clcec(N(Cc2cccec2)c2ec(n(c2)C)C(=0)N2CCCC2)ccl 0
500 Clclcc(Cl)ecc1C1(0C(CO1)COclecc(N2CCN(CC2)C(=0)C)ccl)Cnlcencl 1 500 0=C(N1CCCCC1)cin(cc(N(Cc2cccec2)c2cec([N+](=0)[0-])cc2)cl)C 1
501 0=C1NC(=0O)NC=C1 0 501 O[C@H]1Ccc2c3c(CC[C@]12C)[C@@]1(C(C[C@@H](0)CC1)=CC3 0

)CCHC

100




Trainingset-1 Smiles activity Training set-2 Smiles activity
502 Clclcec(ccl)CN(C(=0)Nclcececl)ClCCCCl 1 502 S(CCC(C)C)clec(OC)c(ccl)CHN 1
503 nlc(nc(ncIN)N)NC1CC1 0 503 FC(F)(F)clcc(cc(N2C(=0)[C@H]3[C@H](C4CC3C=C4)C2=0)c1)C(F)( 0
F)F
504 BrC(C(Br)(Br)Br)C1C(C)(C)C1C(OC(C#N)clcc(Oc2cecec2)cecl)=0 0 504 O[C@H]1CCC2C3C(CC[C@]12C)[C@@]1(C(C[C@@H](O)CC1)=CC3 0
)CH#C
505 0=C(C)C 0 505 O[C@H]1CCC2C3C(CC[C@]12C)[C@@]1(C(C[C@@H](O)CC1)=CC3 0
)CC=C
506 S(=0)(C)C 0 506 O[C@H]1CCC2C3C(CC[C@]12C)[C@@]1(C(C[C@@H](O)CC1)=CC3 0
)ccc
507 nlc2n3c(nc2cccIN)C=CC=C3 0 507 S(CCCC)clnc2c(cc3CCC(Nc3c2)(C)C)c(cl)C(F)(F)F 0
508 nlc2n3c(nc2cccIN)C(=CC=C3)C 0 508 Fclcec(OC(=0)N2[C@ @H]3[C@H]4N([C@@H](C3)C2)C(=0)N(c2c 0
3c(ccee3)c(cc2)CH#N)C4=0)ccl
509 Clclcc(Cl)ec(Cl)c1OCCN(CCC)C(=0)nlcencl 1 509 FC(F)(F)clcc(ccclC#N)-clec(cecl)C 1
510 0=CN(C)C 0 510 O(C)clec(ccclO)CC=C 0
511 [nH]1c2c¢(c3cc(C)c(ncl13)N)ccec2 0 511 0=C1CC2C[C@H]([C@H]3[C@@H]4CC[C@H](O)[C@]4(CC[C@@H 0
13[C@]2(CC1)C)C)CCCCCCCCCCC(=0)N(CCCC)C
512 CI\C(\CI)=C\C1C(C)(C)C1C(OC(C#N)clcc(Oc2ccece)c(F)ccl)=0 0 512 S=C1N(C(=0)C(N1CCCS(=0)(=0)N)(C)C)clcc(OC)c(ccl)CHN 0
513 0O(CC)clc2c(ccec2)c(0CC)c2clcecc2 0 513 0=C(N)cln(cc(N(Cc2cceec2)c2ccc([N+](=0)[0-])cc2)cl)C 0
514 0=C1INC(=0)Nc2nc[nH]c12 0 514 0=C(C)clcec(N(Cc2eceee2)c2ec(n(c2)C)C(=0)N2CCCC2)ccl 0
515 Clclcce(cel)/C(/Cl)=C/C1C(C)(C)C1C(OC(CH#N)clcc(Oc2cceec2)c(F)ecl) 0 515 S=C1N(C(=0)C(N1CCCC(0)=0)(C)C)clcc(C(F)(F)F)c(cc1)CHN 0
=0
516 Clelc(cee(Cl)c1Cl)-clec(Cl)e(Cl)e(Cl)cl 1 516 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]4CC[C@H](O)[C@]4( 1
CC[C@H]23)C)CCCCCCCC(=0)NCCCCCC)C1)C
517 FC(F)(F)clcce(Oc2cec(0OC(C(OCCCC)=0)C)cc2)ncl 0 517 OCc1n(cc(N(Cc2cceecc2)c2cecc([N+](=0)[0-])cc2)c1)C 0
518 Clclcc(Cl)cccl-clece(Cl)ecl 1 518 Clclcec(cclF)C10c2c(-c3c1clc(NC(C=C1C)(C)C)ce3)ccec2 1
519 FC(F)(F)Oc1cec(cc1)C(C(C)C)C(OC(C#N)clec(Oc2cececc2)cccl)=0 1 519 FC(F)(F)clcc(ccc1C#N)-clccccc10CCOC 1
520 0=Cclc2c(ccee2)c(c2clecec2)C=0 0 520 O[C@H]1CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(C=C(CC 0
1)C)=CC3)C
521 Fclcc(cecl)C(=0)C(F)(F)F 0 521 FC(F)(F)clcc(Oc2cccec2C(C)C)eccc1CHN 0
522 Clclec(NC(=0)CC)ccclcl 1 522 Clclcc(N2C(=0)[C@H]3[C@H](C40C3CC4)C2=0)ccclC 1
523 0O(C(=0)C)C1(CcCc2c3c(cec12c)ci(C(=Cce(=0)ce)c(es)e)c)c(=0)c 0 523 Clclec(F)eccelCninc2c(cecc2C(F)(F)F)cl-cleec(F)ecl 0
524 Clclec(Cl)ccc1C(=0)clc(nn(C)c10CC(=0)clececcl)C 1 524 FC(F)(F)C1=CC(=0)N(c2clcclc(NC(C=C1C)(C)C)c2C)C 1
525 slcenclNS(=0)(=0)clcce(N)ccl 0 525 FC(F)(F)clcc(N(Cc2cecec2)c2cec(n(c2)C)C(=0)N2CCCC2)cccl[N+](= 0
0)[0-]
526 CIC(Cl)(Cl)C(clcec(OC)ecl)cleec(OC)ccl 1 526 0=C1N(c2ccc([N+](=0)[O- 1
])cc2)C(=0)N2[C@ @H]1[C@H]1N(C[C@@H]2C1)C(=0)clcceccl
527 Clcleec(cc1)C(C(Cl)Cl)clece(Cl)ecl 1 527 O[C@H]1CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(C[C@]( 1
0)(CC1)C)=CC3)C=C
528 Clclcec(cel)C(=C(Cl)Cl)clcec(Cl)ccl 1 528 Clclcc(Oc2cc(C(F)(F)F)c(cc2)C#N)cccl 1
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529 S(=0)(=0)(Nclnoc(cl)C)clcee(N)ccl 0 529 FC(F)(F)clcc(N2C(=0)[C@H]3[C@H](C40C3CC4)C2=0)ccc1C#N 0

530 S(C)clnc(nc(n1)NC(C)C)NC(C)C 0 530 Fclcc(ce(c1)CH#N)-clec2c(NC(=0)COC2(C)C)ccl 0

531 C(=C\c)/cc=C 0 531 Fclec(cc(c1)C#N)-clecc2c(NC(=0)COC2(c2occc2)c2occec2)ccl 0

532 S(P(=S)(OC)OC)CN1C(=0)c2c(ccec2)C1=0 0 532 O[C@H]1CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(C=C(CC 0

1)clcceccl)=CC3)C=C

533 s1¢c2¢(nc10CC(=0)N(C)clcceecl)ceec2 1 533 FC(F)(F)clcc(nc2clecc1CCC(Nc1c2)(C)C)NCeleec(OC)ccl 1

534 N(clcec(Nc2ceeee2)ccl)cleccecl 0 534 01c2c(cc(0)cc2)C(=0)CClclcececl 0

535 S(C(CC1CC(=0)C(/C(=N/OCC)/CccC)c(=0)c1)c)cC 0 535 Clcleec(N2C(=0)[C@H]3[C@H](C40C3CC4)C2=0)cc1C(F)(F)F 0

536 N(clcec(Nc2ceeee2)ccl)cleceecl 1 536 Clclcec(Oc2cec(cc2)CN(Ce2ccec(F)cc2F)c2ccec(NS(=0)(=0)C)c2C)cc 1
10CC(0)=0

537 ClC12C3C(C=Cc3cl)c(cl)(ca(chclc(cn=c2cl 1 537 0=C(N1CCCC1)clccc(N(Cc2cecec2)c2cec([N+](=0)[0-])cc2)ccl 1

538 CIC(clceccecl)(cleccecl)clcececl 1 538 S=C1IN(C(=0)C(N1CCCS(=0)(=0)N(C)C)(C)C)clcc(C(F)(F)F)c(ccl)CH 1

N
539 OC(clecccecl)(cleccecl)cleeccel 0 539 O[C@H]1CCC2C3C(CC[C@]12C)[C@@]1(C(C[C@@H](O)CC1)=CC3 0
JCHCC
540 OC(C(0)=0)(c1cccecl)cleccecl 0 540 O[C@H]1CCC2C3C(CC[C@]12C)[C@@]1(C(C[C@@H](0)CC1)=CC3 0
)\C=C/CC

541 c(cc)(c=C)C 0 541 Fclcec(ccl)CN(cleec([N+](=0)[0-])ccl)clee(n(c1)C)C(=0)N1CCCCL 0

542 nlc2c3c(ncee3)cece2n(C)clN 0 542 slcc(ccl)[C@](0)(C)[C@H]1CCCC2=Cc3n(ncc3C[C@]12C)- 0
clcce(F)ecl

543 nlc2c(n(C)c1N)c(cclneeecl2)C 0 543 0=CIN(C2[C@H]3[C@@H](C1C=C2)C(=0)N(clc2c(cccc2)c([N+](= 0

0)[0-])cc1)C3=0)C
544 nlc2c3nc(n(c3ccc2neclC)C)N 0 544 FC(F)(F)clcc(N2C(=0)[C@ @H]3N([C@H]4C[C@ @H]3N(C4)C(OC(C 0
)(C)C)=0)C2=0)ccc1C#N
545 c12c¢(cc3c(ccee3)c1C)cecc2 1 545 0=C1N(c2c3c(ccee3)c([N+](=0)[0- 1
1)cc2)C(=0)N2[C@ @H]1[C@H]1N(C[C@@H]2C1)C(OC(C)(C)C)=0
546 c12c¢(ccecl)c(cle(cececl)c2C)C 1 546 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2ncnce2)C)ecclC 1
#N

547 Clcleccec1C(C(Cl)(Cl)Cl)cleec(Cl)ecl 1 547 O[C@H]1Ccc2c3c(CC[C@]12C)[C@@]1(C(C[C@@H](0)CC1)=CC3 1
)\C=C\OC

548 0O=C(N)C=C 0 548 0=C(N1CCCC1)cin(cc(N(Cc2cce(cc2)C)c2ecc([N+](=0)[O- 0
])cc2)c1)C

549 0C1CCC2(C(CCC3=C2CCC2(C)C3(Cccac(cc\c=Cc(\c)/c)c)c)cL(c)c)c 0 549 Oclcce(ccl)CN(cleec([N+](=0)[O- 0

])ccl)clec(n(c1)C)C(=0)N1CCCCL

550 Brclec(cc(Br)c10)C(C)(C)clee(Br)c(O)c(Br)cl 1 550 0=C(N1CCCC1)clcc(N(Cc2ccece2)c2ecce([N+](=0)[0-])cc2)cecl 1

551 CI\C(=C\C1C(C)(C)C1C(OCc1c(F)c(F)c(C)c(F)c1F)=0)\C(F)(F)F 0 551 FC(F)(F)clcc(ncclCHN)N[C@H](C)clcceccl 0

552 Clc1c(N(0)O)c(Nc2nce(cc2Cl)C(F)(F)F)c(N(O)O)cclC(F)(F)F 0 552 0=C1N(c2ccc(cc2)C#N)C(=0)N2[C@ @H]1[C@H]IN(C[C@@H]2C1 0

)C(OC(C)(C)C)=0
553 Oclcec(cel)C(C)(C)eleec(O)ccl 1 553 FC(F)(F)clcc(N2C(=0)[C@H]3[C@H]([C@H]4CC[C@@H]3C4)C2=0 1
)ccc1[N+](=0)[0-]
554 0C1C2C(C3CCC(C(=0)C)C3(C1)C)CCC1=CC(=0)CCC12C 1 554 0=C1N(c2c3c(ccee3)c([N+](=0)[O- 1
1)cc2)C(=0)N2[C@ @H]1[C@H]1CC[C@@H]2C1
555 Clc12¢(ccl)(cclc(=C)c(cl(ca(cncnc(cncacl 1 555 S=C1N(C(=0)C(N1CCCS(=0)(=0)N)(C)C)clcc(C(F)(F)F)c(cc1C)CHN 1
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Trainingset-1 Smiles activity Training set-2 Smiles activity
556 Clclcec(ccl)C1(CCCC1)Cc(0)=0 0 556 O(clccc(cc1OC)CH#N)clcec(ccl)C 0
557 O(clec(ceecl)COCC(C)(C)ecleecc(0OCC)ccl)cleceecl 1 557 Brclcec(N2C(=0)[C@H]3[C@H](C4C=CC3[C@ @H](O)[C@H]40)C2 1
=0)cclC
558 $(0)(=0)(=0)CCNC(=0)CCC(C)C1CCC2C3C(CC(0)C12C)C(C(CC30)CC( 0 558 FC(F)(F)clcc(Oc2ccc(cc2)C)ecc1CHN 0
0)CC1)C
559 0C1CC2C(C3CCC(C(CCC(0)=0)C)C13C)c(0)ccicc(o)ccciac 0 559 OCclcec(ccl)CN(cleec([N+](=0)[O- 0
])ccl)clec(n(c1)C)C(=0)N1CCCCL
560 01C(=0)c2c3c(ccc4c3c(cc2)C(0C4=0)=0)C1=0 0 560 O(CCCC(0)=0)clcc(cccl)CCCIC@HIL[C@HI2[C@@H]3CC[C@R@]( 0
0)(C)[C@I3(CCIC@@H]2[C@@]2(C(=CC(=0)CC2)C1)C)C
561 0=C1INC(=0)c2c3clcccc3ecc2 0 561 OCclcec(cel)CN(clec(ce(cl)C)C)clee(n(c1)C)C(=0)N1CCCC 0
562 Clc1c(N(O)O)c(Cl)c(Cl)c(Cl)c1cl 0 562 0O(C(=0)c1cec(N(Cc2cceec2)c2ec(n(c2)C)C(=0)N2CCCC2)ccl)C 0
563 0C1CC2=CCC3C4CCC(C(CCC(C(C)C)CC)C)ca(cce3cz(cc)c)c 0 563 0=C(N(CCCC)CCCC)cln(cc(N(Cc2ccecec2)c2ecc([N+](=0)[0- 0
])cc2)c1)C
564 S(=0)(=0)(NC(=0)Nc1nc(OC)cc(OC)n1)CclecccclC(OC)=0 0 564 0OC(=0)c1n(cc(N(Cc2ccecc2)c2ecc([N+](=0)[0-])cc2)c1)C 0
565 0(C(=0)C)C1CCC2C3C(CCC12C)=C(CC)C(=0)CC3 1 565 0=C1CC[C@]2([C@@H](CC([C@H]3[C@@H]4CC[C@H](O)[C@]4( 1
CC[C@H]23)C)CCCCCCCC(=0)NCCCC)C1)C
566 Clclec(NC(=0)C(0)(C=C)C)cc(Cl)cl 1 566 0=C1CC[C@]2(C(=C1)CC[C@H]1[C@@H]3CC[C@@](O)(CHCC)[C 1
@]3(CC=C12)C)Cclcec(ccl)C
567 0(C)cleec(cc1)\C=C\C(OCC(CCCC)CC)=0 0 567 S(=0)(=0)(Nclcc2c(-c3¢(0C2c2ccecc2)ccce30C)ccl)C 0
568 0=C1c2c(ccec2)C(=0)c2cleccc2 0 568 Oclcec(cc1)CN(clec(ce(c1)C)C)clee(n(c1)C)C(=0)N1CCCCL 0
569 0O(C(=0)clccececlC(OCC)=0)CC 0 569 Clclccc(Oc2cc(C(F)(F)F)c(cc2)C#N)ccl 0
570 0O(C(=0)clcececlC(OCCCC)=0)cccc 0 570 0=C1N(c2ccc(cc2)C#N)C(=0)N2[C@ @H]1[C@H]IN(C[C@@H]2C1 0
)C(=0)clcce(cc1)CCCC
571 Clclec(N2C(=0)C(0C2=0)(C(0CC)=0)C)cc(Cl)c1 1 571 S(=0)(CCCC(F)(F)C(F)(F)F)CCCCC[C@H]1[C@H]2[C@@H]3CC[C@H 1
1(0)[C@]3(CC[C@@H]2[C@@]2(C(CC(=0)CC2)C1)C)C
572 0C1(CCC2C3C(=C4C(=CC(=0)CC4)CC3)C(CC12C)clecc(N(C)C)ecl)CHT 1 572 FC(F)(F)clce(O)nc2cleclc(NC(C)(C)[C@@H](C)[C@ @H]1C)c2 1
C
573 c12c3c(cccleece2)ccee3 0 573 Brclec(cc(Br)c10Cclcc(Br)cccl)CCC(0)=0 0
574 Clclec(C(=0)c2cecec2)c(O)ccl 1 574 FC(F)(F)clcc(N2C[C@H](N(C[C@@H]2C)C(=0)Nc2nccec2)C)ecclC 1
#N
575 0O(C(=0)clcececl1C(0CCCC)=0)Cclececcl 0 575 FC(F)(F)clcc(ccclC#N)-clecccc10CCOCCOC 0
576 Clc2c(-c3clcece3)ccec2 0 576 S(=0)(=0)(Nclcc2c(-c3¢(0C2c2ccecc2)cccc30C(F)F)ecl)C 0
577 Clclc(O)c(Cl)c(Cl)c(Cl)cacl 0 577 0=C1CC2C[C@H]([C@H]3[C@@H]4CC[C@H](O)[C@]4(CC[C@@H 0
13[C@]2(CC1)C)C)CCCCCCCCCCCC(=0)N(CCCC)C
578 Clc1c(O)c(Cl)c(Cl)c(O)crcl 1 578 0=C(N1CCCC1)c1n(cc(N(C(C)C)c2cc(cc(c2)C)C)cl)C 1
579 Nclcec(ccl)CHN 0 579 S(=0)(=0)(Nclcc2c(-c3¢(0C2c2cccec2)cecce30CC)ecl)C 0
580 Clclec(Cl)ce(Cl)c10 0 580 FC(F)(F)clcc(N2C(=0)[C@ @]3(N([C@H]4C[C@@H]3N(C4)C(OC(C) 0
(C)C)=0)C2=0)C)ccclCHN
581 Oclc(cc(cc1C(C)(C)C)CO)C(C)(C)C 1 581 FC(F)(F)clcc(N2C(=0)[C@H]3[C@H](C40C3CC4)C2=0)cccl 1
582 Oclcc(C(C)(C)C)c(O)ccic(C)(C)C 0 582 S(=0)(=0)(Nclccce(N(Cc2cee(Oc3cec(0OCC(0)=0)ce3)cc2)Cc2cecece 0

2)c1c)C
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Trainingset-1 Smiles activity Training set-2 Smiles activity
583 Clc1c(N(0)O)cc(N(0)O)ccIN(O)O 0 583 O[C@H]1CN(C[C@@H]10)C(=0)c1n(cc(N(Cc2ccece2)c2ecc([N+](= 0
0)[0-])cc2)cl)C
584 S=C(Oclcc(cecl)C(C)(C)C)N(C)clnc(OC)cccl 0 584 0=C(N1CCCC1)cin(cc(N(C(C)C)c2ccc([N+](=0)[0-])cc2)c1)C 0
585 nlc(cc(ncIN\N=C(\C)/clccccclC)C)C 0 585 0=C(N1CCCC1)cin(cc(Nc2cec([N+](=0)[0-])cc2)c1)C 0
586 0=C1CC2c(C1)cccaccccc(oc)cc 1 586 0=C(N1CCCC1)cln(cc(Nc2ec(cc(c2)C)C)el)C 1
587 Nclcececl-cleccecl 1 587 0=C(N1CCCC1)c1n(cc(N(CC)c2ccc([N+](=0)[0-])cc2)c1)C 1
588 Oclcceecl-cleccecl 1 588 FC(F)(F)clcc(N2C(=0)[C@ @H]3N([C@H]4C[C@ @H]3N(C4)C(=0)c 1
3ccc(cc3)CCCC)C2=0)ccc1CHN
589 S(=0)(=0)(CC(O)(C(=0)Nclcc(C(F)(F)F)c(cc1)C#N)C)clecc(F)ecl 1 589 0=C(N1CCCC1)c1n(cc(N(CC)c2cc(cc(c2)C)C)cl)C 1
590 N#CclccccclC#N 0 590 01c2c(ccec2)C(=0)C(0)=Clclcceccl 0
591 c12c¢(ccecl)ceec2 0 591 0=C(N1CCCC1)cln(cc(N(C)c2cc(cc(c2)C)C)cl)C 0
592 0O(CC)clec2c¢(NC(C=C2C)(C)C)ccl 0 592 0=C(N1CCCC1)c1n(cc(N(C)c2cee([N+](=0)[0-])cc2)c1)C 0
593 N(Cc)(cc)cacecccl 1 593 0(C)clec(ccc10)CCC(=0)C 1
594 Oclcc(N(CC)CC)cccl 0 594 Oclcec(ccl)CCC(=0)C 0
595 Clclcc(ccclN)-clec(Cl)c(N)ecl 1 595 Oclcec(ccl)CC(=0)C 1
596 CI\C(=C\C1C(C)(C)C1C(OC(C#N)clcc(Oc2ccece2)cecl)=0)\C(F)(F)F 0
597 0C(=0)clcce(ccl)-cleececl 0
598 0O(C)clec(ccclOC)CC=C 0
599 Clclcc(Cl)c(Cl)cc10CC(0)=0 0
600 clciccec 0
601 Sclcc(cecl)C(F)(F)F 0
602 Oclccc(ccl)C(OCCC)=0 0
603 Oclcce(ccl)C(OCCCC)=0 0
604 Clclcc(C)c(OCC(0)=0)ccl 0
605 Clclcc(Cl)ccc10CC(0)=0 0
606 oc(c(ccycojccc 0
607 0=C(C)clc2c(cecl)cecc2 1
608 Clclcec(ccl)C(O)(C(C)C1CCl)Cnlncncl 0
609 ClclcccccIN 0
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Trainingset-1 Smiles activity Training set-2 Smiles activity
610 Clclcc(Cl)c(Cl)ccacl 0
611 Clclcc(Cl)c(Cl)cclO 0
612 S1C(=0)N(N=C10C)CSP(=S)(OC)OC 0
613 nlc2c3nc(n(c3c(cc2ncclC)C)C)N 0
614 clcc(o)co 0
615 Clc1ece(Cl)ce(Cl)cec1/C(/OP(OC)(0C)=0)=C/CI 0
616 slccc(OC)c1CN(C(=0)C)clc(cecclC)C 1
617 Clclcc(Cl)ccc1OP(=S)(0CC)oCcC 1
618 0O(C(=0)c(o)c)cc 0
619 oc(c(cecic(ceecic)(ce)e)c 0
620 S(0)(=0)(=0)clcccecl 0
621 0=C1NC2CCC3C4CCC(C(=0)NC(C)(C)C)Cc4a(ccc3cz(c=C1)C)C 1
622 Oclcec(ccl)C(0C)=0 0
623 Oclcce(ccl)C(0)=0 0
624 Clc1ec(C(F)(F)F)c(\N=C(\n2ccnc2)/COCCC)ccl 1
625 CIC[CH-][N+](C)(C)C 0
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3. External Testing Set Chemicals

ID smiles activity
1 cl(c(c(c2e(c)C(CCC2(C)C)(C)C)C)O)C 1
2 cleee2e(c])C[C@@H](C2=0)C 0
3 cl(cec2e(c])C[C@@H](C2=0)C)C 0
4 cle(ec2e(c)[C@@](CC2(C)C)(C)CC)C(=0)C 0
5 cl(c(ce2e(c1)C(CC2(C)C)(C)C)COC)C 0
6 cleee2e(cl)C(=0)[C@@H](C2)CC 0
7 C(clecc(N(C)C)ecl)clece(N(C)C)ecl 0
8 cl(cceeel)CCCC 0
9 OP(=0)(0)CNCC(=0)O 0
10 cl(cceecl)O 0
11 O[C@H](CCcccee)co 0
12 clc(OP(=S)(OCC)OCC)cee(c)[S@](=0)C 0
13 O(C(=0O)clc(O)ccecl)C 0
14 Ocle(ce(C=0)ccl)OC 0
15 COP(=S)(S[C@@H](C(=0)OCC)CC(=0)0CC)0OC 0
16 N(CCCCN)CCCN 0
17 S=P(Oclcce(cel)C#N)(cleceee1)OCC 0
18 S(CSP(=S)(OCC)OCC)C(C)(C)C 0
19 C(=0)(C)c1c2CCC(c2ec(c)C(C)C)C)(C)C 0
20 C(=0)(C(C)C)Nclce(e(cc)N(=0)=0)C(F)(F)F 1
21 Clelee([C@@]2(0C2)C[C@]2(CC)C(=0)c3c(C2=0)ccce3)cccl 0
22 cl(ceecel)[C@H](CC)C 0
23 N(C)(C)C(=S)SSC(=S)N(C)C 0
24 C(=0)(C=Cclccececl)O 0
25 0=S1(=0)0[C@](c2cccccl2)(clece(O)ccl)clece(O)ecl 0
26 O[C@@H]1CC2=CC[C@H]3[C@H]4[C@](CC[C@@H]3[C@]2(CC1)C)([C@H](CC4)C(=0)C)C 0
27 O(C)clec2e(c3CCIC@](C)[C@@H](CC)c3cc2)C(=0)0)ccl 0
28 cle(ee(c(cIN(O)O)N(CCC)CCC)N(O)O)C(F)(F)F 0
29 [Si](O[Si](Cclcececl)(C)C)(Celececel)(C)C 0
30 ¢12¢(CCC1)c(=0)n(c(=0)[nH]2)C1CCCCCI 0
31 CC(C)NP(=0)(0OCC)Oclce(c(ccl)SC)C 0
32 P(=0)(OC(=CCl)clc(ce(c(c1)CHCHCI)(OC)OC 0
33 CICI(C)H[C@]2(ChH[C@@]3(CH[C@]4(CHC(CH(CH[C@]5(CH[C@@]3(CH[C@@]1(C)[C@]5(CH[C@]24Cl 0
34 O=clsc2nc3cc(C)ecc3nc2sl 0
35 S(P(=S)(OCC)OCC)CC(=0)N(C)C(=0)0CC 0
36 S=P(S[C@@H](c1cccec])C(=0)OCC)(OC)OC 0
37 [C@@H]I([C@@H)([C@@H]([C@H]([C@H]([C@@H]ICHCHCHCHCHCI 0
38 [C@@H]([C@@H]([C@H]([C@@H](C@H]([C@@H]ICHCHCHCHCHCI 0
39 N(C)(C=Nclc(ce(ecl)C)C)C=Nclc(cc(ecl)C)C 0
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ID smiles activity
40 O[C@@H](CCCce)C=C 0
41 clecec2c10P(=S)(0C2)0C 0
42 Ic1c(OC(=0)CCCCCCC)e(I)ce(cl)CHN 0
43 [C@@H]1([C@@H]([C@H]([C@HI([C@HI([C@@H]ICHCHCHCHCNCI 0
44 cleee(c2cInle(s2)nncl)C 0
45 clceee2c1CCC2 0
46 O[C@I([C@@R(C@H]([C@HB[C@H](C@H](C2)0)[C@@]2(C(=CC(=0)C=C2)CC3)C)CCHC)C(=0)CO 0
47 C(=0)(CCCCCCC(=0)0)o0 0
48 Cl[C@H]IC[C@@H]2[C@@]3(C(=C([C@]([C@@H]2[C@H]ICl)(C3(Cl)CHCNHCH)CN)CI1 1
49 C1(=C([C@@]2([C@H3[C@@H]([C@]1(C2(C))C)CHC[C@H]([C@@H]3CHC)CI)CHCI 1
50 C1(=0)CC[C@]2(C(=C1)CC[C@H]I[C@@H]3CC[C@H](C(=0)CO)[C@@]3(C=0)C[C@H](O)[C@H]21)C 0
51 SIC(=S)N(CN(C1)C)C 0
52 O(cleec(NC(=0)[C@@H](0)C)ccl)CC 0
53 C(=0)(cle(ceecl)C)Nelee(cee1)OC(C)C 0
54 P(=S)(Oclcce(N(=0)=0)cc1)(OCC)OCC 1
55 OC(=0)cceecececceccececcecce 0
56 O=CIN2c3c(CC2)cccc3CCl 0
57 clece(c(c1C)N([C@@H](C)C(=0)OC)C(=0)COC)C 0
58 O=cIn(C)c2c(n(C)cn2)c(=0)n1C 0
59 Clcle(=0)n(ncc1N)clceeccel 0
60 C(=0)(CC[C@H](C(=0)O)NC(=O)clccc(cc1)NCelnc2e(=0)[nH]c(N)nc2ncl)O 0
61 O=C(CSP(=S)(OC)OC)NC 0
62 S(C(=0)NI1CCCCC1)C(clececeel)(C)C 0
63 c(cceceecco)o 0
64 Oclc(ceecl)C(=O)N 0
65 O(C(C)C)clee(NC(=0)c2c(cecc2)C(F)(F)F)eeel 0
66 cl(cc(=0)c2ccc(cc201)O)cleccecl 0
67 CIC(=C[C@H]1C([C@H]1C(=0)0[C@@H](c1cc(Oc2ccece2)cec1 )C#HN)(C)C)C(F)(F)F 0
68 S(=0)(=0)(Oclcc2C(COc2ccl)(C)C)CC 0
69 COP(=0)(0OC)OC(=CC(=0O)NC)C 0
70 C(=0O)([C@H](Nclc(ce(ccl)C(F)(F)F)CHC(C)C)O[C@H](clcc(ccel)Ocleceeel)CHN 0
71 Cl[C@@]12C(=C(CH[C@@](C1(CHCI)([C@@H]1 [C@H2[C@@H]2C[C@H]1 [C@@H]1O[C@H]21)CI)CI1 0
72 S(cleec(OP(=0)(OCCC)OCCC)ccl)C 0
73 N(C(=0)C)CCclc[nH]c2cec(OC)ccl2 0
74 0=C(O)clc(ceccl)[C@@H](clcee(O)eel)cleee(O)ecl 0
75 0=C1¢c2¢(C(=0)c3clecc(0)ce3)ccc(0)c2 0
76 S(CEON([C@@H](C(C)C)C)CC)Celeceecl 0
77 O(C(C)C)C(=0)Nc1ec(OCC)c(OCC)ecl 0
78 clceee(c1)C=CC=Cclccceel 0
79 clc(ceeel)elececcel 0
80 [C@H]([C@@H](clcccecl)C)(clececel)cleceeel 0
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ID smiles activity
81 cl(c(ceccl)CHO 0
82 Cl1[C@@H]2[C@H](CO[S@@](=0)O)[C@] I (C(=C([C@@]2(C1(CHCHCNHCHCN)CI] 1
83 cl(cee(cc1)C(CCCCC)(C)C)O 1
84 [C@@H]12C=C(CO)C[C@3([C@H]([C@]1([C@@H]([C@H]([C@@]1([C@H]2C1)OC(=0)C)OC(=0)CCCCCCCC 0
85 [C@@H]1(C(=0)C[C@]2([C@H](C1)CC[C@H]I[C@@H]3CCC[C@]3(CC[C@H]21)C)C)O 0
86 C1(=0)CC[C@]2(C(=C1)CC[C@H]1 [C@@H]3CC[C@H](O)[C@]3(CC[C@H]21)C)C 0
87 C(COclecc(ecl)C(=C(CC)clceeecl)clece(ccl)O)N(C)C 0
88 C1(=0)CC[C@]2(C(=C1)CC[C@H]I[C@@H]3CC[C@]([C@]3(C[C@@H]([C@]21F)O)C)(C)0)C 0
89 CI1CC(=0)C=C2C1=Cl1[C@@H](CC2)[C@H]2[C@](C=C1)([C@](CC2)(0)C)C 0
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4. PPV, NPV, Sensitivity, Specificity, Concordance, ROC AUC of Different Combination of Training Sets

4.1 Training Set 1 (T1)

Descriptor Number
AdaBoostM1
ADTree

ANN

BAGGING
BayesNet
Classification ViaRegression
DAGGING

Decision Table
Decorate

DNTB

END

1B1

KNN

Kstar

LogicBoost

Logistic
LWL-random
NBTree

PART

Random Committee
Random Forest
Random Sub Space
REPTree
Rotationforest
SPegasos

SVM

0.58

0.59

0.64

0.61

0.67

0.61

0.71

0.58

0.62

0.62

0.62

0.64

0.63

0.58

0.60

0.63

0.80

0.61

0.69

0.61

0.71

0.57

0.60

0.62

0.64

0.62

0.63

0.62

0.60

0.58

0.65

0.64

0.62

0.61

0.77

0.62

0.67

0.62

0.65

0.69

0.66

0.60

0.63

0.63

0.66

0.61

0.65

0.66

0.64

0.67

0.65

0.65

0.69

0.60

0.60

0.62

0.66

0.72

0.60

0.62

0.61

0.59

0.63

0.64

0.64

0.65

0.64

0.61

0.64

0.65

0.61

0.64

0.61

0.61

0.64

0.64

0.64

0.66

0.61

0.60

0.60

0.68

0.61

0.63

0.61

0.60

0.68

0.65

0.68

0.72

0.64

11

0.59

0.60

0.61

0.71

0.63

0.66

0.61

0.65

0.63

0.70

0.63

0.61

0.67

0.65

0.69

0.62

0.66

0.72

0.69

0.68

0.66

0.62

0.59

12

0.61

0.63

0.68

0.61

0.66

0.63

0.64

0.67

0.66

0.68

0.69

0.66

13

0.60

0.67

0.68

0.65

0.68

0.66

0.64

0.69

0.66

0.70

0.67

0.66

14

0.65

0.66

0.69

0.62

0.62

0.68

0.65

0.71

0.69

0.70

0.68

0.62

0.64

0.69

0.67

0.70

0.64

0.71

0.70

0.66

0.65

0.69

0.67

0.68

0.61

T1-PPV

15

0.61

0.65

0.65

0.69

0.65

0.70

0.69

0.63

0.70

0.66

0.71

0.69

0.70

0.66

16

0.61

0.65

0.61

0.68

0.64

0.64

0.68

0.66

0.70

0.66

0.68

0.68

0.65

0.63

0.69

0.67

0.68

0.63

0.70

0.70

0.65

0.68

0.66

0.69

0.61

17

0.61

0.63

0.70

0.68

0.68

0.65

0.63

0.70

0.65

0.71

0.72

0.72

0.65

0.71

0.60

18

0.62

0.61

0.65

0.71

0.64

0.68

0.69

0.66

0.66

0.66

0.63

0.71

0.65

0.73

0.62

0.68

0.72

0.72

0.66

0.73

0.66

0.71

0.62

19

0.63

0.61

0.74

0.68

0.68

0.67

0.64

0.68

0.64

0.71

0.72

0.72

0.71

0.66

0.72

0.63

20

0.63

0.63

0.73

0.64

0.68

0.71

0.67

0.64

0.69

0.65

0.72

0.74

0.72

0.68

0.71

0.63

21

0.65

0.63

0.71

0.66

0.64

0.68

0.70

0.64

0.63

0.70

0.66

0.74

0.67

0.73

0.76

0.71

0.66

0.73

0.64

0.72

0.64

22

0.65

0.63

0.73

0.67

0.69

0.61

0.64

0.70

0.67

0.73

0.72

0.66

0.71

0.64

23

0.64

0.65

0.65

0.71

0.66

0.66

0.68

0.67

0.70

0.61

0.66

0.65

0.64

0.70

0.67

0.75

0.62

0.77

0.77

0.70

0.65

0.67

0.71

0.64

24

0.64

0.64

0.65

0.72

0.66

0.66

0.67

0.71

0.62

0.66

0.71

0.65

0.64

0.71

0.67

0.77

0.65

0.73

0.74

0.71

0.66

0.72

0.68

0.72

0.64

25

0.65

0.66

0.70

0.66

0.65

0.67

0.70

0.62

0.66

0.70

0.65

0.65

0.71

0.68

0.73

0.63

0.71

0.77

0.70

0.66

0.72

0.68

0.72

0.64

26

0.63

0.63

0.71

0.71

0.66

0.72

0.64

0.64

0.73

0.64

0.75

0.74

0.74

0.72

0.63

0.75

0.72

0.66

27

0.63

0.67

0.73

0.62

0.71

0.62

0.63

0.69

0.64

0.77

0.71

0.71

0.65

0.71

0.63

28

0.63

0.63

0.67

0.71

0.65

0.65

0.68

0.66

0.70

0.62

0.69

0.72

0.70

0.64

0.71

0.63

0.76

0.64

0.77

0.73

0.72

0.62

0.74

0.66

0.72

0.63

29

0.65

0.66

0.73

0.72

0.67

0.70

0.63

0.65

0.71

0.64

0.75

0.74

0.73

0.62

0.74

30

0.64

0.63

0.68

0.71

0.67

0.68

0.63

0.66

0.73

0.65

0.74

0.77

0.75

0.72

0.63
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Descriptor Number
AdaBoostM1
ADTree

ANN

BAGGING
BayesNet
Classification ViaRegression
DAGGING
DecisionTable
Decorate

DNTB

END

1B1

KNN

Kstar

LogicBoost

Logistic
LWL-random
NBTree

PART

Random Committee
Random Forest
RandomSubSpace
REPTree
Rotationforest
SPegasos

SVM

0.77

0.75

0.75

0.71

0.78

0.86

0.73

0.67

0.73

0.71

0.72

0.77

0.69

0.76

0.77

0.75

0.76

0.71

0.97

0.84

0.78

0.86

0.72

0.71

0.67

0.72

0.71

0.77

0.70

0.77

0.75

0.84

0.77

0.76

0.75

0.74

0.76

0.71

0.96

0.78

0.80

0.78

0.78

0.73

0.74

0.76

0.73

0.67

0.73

0.73

0.71

0.78

0.79

0.71

0.76

0.77

0.85

0.79

0.77

0.76

0.72

0.77

0.76

0.72

0.69

0.71

0.73

0.70

0.76

0.80

0.76

0.75

0.75

0.74

0.78

0.75

0.74

0.69

0.71

0.71

0.73

0.75

0.76

10

0.77

0.77

0.78

0.75

0.77

0.78

0.76

0.74

0.77

0.69

0.72

0.76

0.74

0.73

0.79

11

0.78

0.77

0.77

0.78

0.78

0.75

0.90

0.76

0.78

0.77

0.78

0.73

0.75

0.76

0.78

0.70

0.74

0.69
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DAGGING
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SVM

0.72

0.65

0.66

0.60

0.72

0.71

0.63

0.57

0.43

0.59

0.62

0.48

0.67

0.67

0.63

0.67

0.60

0.80

0.72

0.71

0.62

0.42

0.57

0.62

0.50

0.69

0.62

0.70

0.70

0.64

0.63

0.67

0.61

0.77

0.71

0.71

0.65

0.63

0.57

0.66

0.63

0.41

0.57

0.64

0.65

0.66

0.53

0.64

0.65

0.65

0.69

0.68

0.67

0.63

0.71

0.62

0.59

0.48

0.55

0.64

0.51

0.66

0.67

0.71

0.66

0.65

0.63

0.72

0.62

0.63

0.46

0.54

0.61

0.57

0.66

0.65

10

0.71

0.71

0.68

0.65

0.65

0.64

0.72

0.62

0.65

0.48

0.55

0.65

0.58

0.58

0.67

11

0.73

0.71

0.66

0.72

0.63

0.66

0.69

0.65

0.70

0.64

0.62

0.60

0.66

0.48

0.59

0.60

0.62

0.66

0.72

0.57

0.58

0.66

0.62

0.67

0.65

0.72

0.63

0.70

0.66

0.67

0.50

0.59

0.60

0.54

0.56

0.67

0.67

0.75

0.61

0.67

0.67

0.66

0.50

0.58

0.63

0.64

0.58

0.62

0.65

0.64

14

0.71

0.64

0.63

0.70

0.76

0.62

0.68

0.69

0.71

0.70

0.70

0.63

0.60

0.67

0.69

0.52

0.60

0.66

0.71

0.70

0.61

0.64

0.69

0.68

T1-Sensitivity

15

0.68

0.77

0.64

0.70

0.70

0.64

0.52

0.59

0.64

0.63

0.64

0.69

16

0.71

0.64

0.64

0.66

0.78

0.64

0.68

0.67

0.72

0.68

0.65

0.57

0.67

0.69

0.52

0.63

0.64

0.63

0.70

0.61

0.60

0.68

0.66

0.69

17

0.67

0.78

0.60

0.72

0.68

0.65

0.57

0.52

0.59

0.62

0.72

0.63

0.65

0.69

18

0.69

0.73

0.65

0.66

0.79

0.64

0.68

0.68

0.66

0.73

0.66

0.66

0.57

0.67

0.71

0.53

0.60

0.65

0.62

0.68

0.72

0.63

0.60

0.73

0.66

0.69

0.80

0.65

0.69

0.62

0.68

0.52

0.57

0.64

0.72

0.67

0.60

0.73

0.69

0.79

0.63

0.71

0.68

0.63

0.64

0.52

0.60

0.66

0.74

0.61

0.57

0.72

21

0.66

0.68

0.67

0.81

0.64

0.63

0.70

0.65

0.64

0.65

0.67

0.70

0.55

0.65

0.66

0.73

0.76

0.63

0.55

0.73

0.72

0.69

0.84

0.64

0.63

0.65

0.65

0.60

0.65

0.66

0.63

0.56

0.72

23

0.61

0.65

0.69

0.67

0.84

0.66

0.68

0.63

0.63

0.66

0.65

0.60

0.60

0.65

0.62

0.77

0.77

0.61

0.56

0.73

0.67

24

0.66

0.68

0.68

0.84

0.66

0.63

0.71

0.65

0.66

0.66

0.62

0.66

0.71

0.58

0.65

0.66

0.65

0.73

0.74

0.63

0.56

0.72

0.68

0.72

25

0.66

0.66

0.67

0.84

0.65

0.63

0.70

0.65

0.66

0.67

0.65

0.71

0.59

0.60

0.65

0.63

0.77

0.63

0.56

0.72

0.68

0.72

0.66

0.79

0.65

0.71

0.72

0.66

0.68

0.68

0.54

0.61

0.66

0.74

0.66

0.58

0.75

0.66

0.80

0.66

0.71

0.65

0.68

0.69

0.56

0.63

0.64

0.71

0.65

0.59

0.72

28

0.69

0.70

0.71

0.67

0.80

0.65

0.68

0.63

0.70

0.65

0.69

0.70

0.63

0.71

0.55

0.62

0.65

0.77

0.73

0.62

0.63

0.74

0.66

0.72

0.67

0.82

0.65

0.67

0.67

0.72

0.71

0.57

0.63

0.67

0.74

0.62

0.63

0.74

0.65

0.82

0.66

0.67

0.65

0.70

0.64

0.63

0.62

0.66

0.62

0.55

0.76

111



Descriptor Number
AdaBoostM1
ADTree

ANN
BAGGING
BayesNet
DecisionTable
DNTB

1B1

KNN

Kstar

Logistic
LWL-random

RandomSubSpace
REPTree

0.65

0.66

0.75

0.72

0.68

0.68

0.69

0.74

0.82

0.79

0.81
0.73

0.69

0.75

0.71

0.68

0.68

0.68

0.74

0.82

0.78

0.80
0.71

0.76

0.75

0.71

0.70

0.69

0.82

0.76

0.83

0.79

0.80
0.78

0.66

0.66

0.71

0.76

0.71

0.67

0.68

0.72

0.73

0.75

0.82

0.77

0.81
0.74

0.75

0.73

0.69

0.74

0.74

0.82

0.79

0.80
0.71

10

0.68

0.68

0.67

0.78

0.73

0.69

0.68

0.74

0.74

0.82

0.82

0.84
0.77

0.82

0.68

0.69

0.71

0.72

0.82

0.81

0.82
0.81

12

0.65

0.68

0.75

0.78

0.68

0.69

0.71

0.74

0.82

0.73

0.82

0.81

0.83
0.80

0.78

0.68

0.74

0.70

0.82

0.84

0.80
0.78

0.78

0.68

0.74

0.72

0.82

0.82

0.79
0.76

15

0.69

0.76

0.75

0.79

0.68

0.74

0.78

0.75

0.73

0.82

0.84

0.82
0.77

T1-Specificity

16

0.76

0.72

0.78

0.70

0.76

0.74

0.75

0.82

0.80

0.82
0.77

17

0.66

0.70

0.80

0.71

0.78

0.74

0.74

0.82

0.75

0.81

0.82

0.83
0.76

18

0.71

0.67

0.76

0.81

0.69

0.79

0.74

0.73

0.84

0.73

0.81

0.84

0.83
0.79

19

0.73

0.73

0.72

0.83

0.70

0.78

0.76

0.73

0.74

0.80

0.84

0.81
0.79

0.74

0.83

0.70

0.78

0.77

0.76

0.81

0.87

0.84
0.81

0.72

0.81

0.71

0.79

0.75

0.74

0.81

0.84

0.82
0.81

22

0.76

0.76

0.75

0.82

0.71

0.79

0.72

0.75

0.83

0.75

0.79

0.88

0.83
0.80

0.81

0.71

0.79

0.75

0.79

0.86

0.81
0.79

24

0.76

0.74

0.82

0.71

0.79

0.82

0.76

0.80

0.86

0.82
0.80

25

0.76

0.75

0.77

0.81

0.71

0.79

0.72

0.75

0.82

0.75

0.81

0.85

0.82
0.80

0.82

0.69

0.77

0.75

0.77

0.79

0.86

0.82
0.76

0.83

0.70

0.73

0.72

0.76

0.79

0.87

0.82
0.78

0.81

0.70

0.78

0.79

0.78

0.86

0.83
0.73

29

0.76

0.77

0.76

0.83

0.71

0.79

0.73

0.74

0.76

0.78

0.85

0.84
0.73

0.82

0.71

0.79

0.77

0.77

0.85

0.83
0.78

112



Descriptor Number
AdaBoostM1
ADTree

ANN

BAGGING
BayesNet
DecisionTable
DNTB

1B1

KNN

Kstar

Logistic
LWL-random
RandomSubSpace

REPTree

0.69

0.67

0.68

0.71

0.69

0.70

0.70

0.66

0.71

0.71

0.66

0.71

0.68

0.70

0.70

0.69

0.70

0.71

0.70

0.66

0.69

0.71

0.70

0.69

0.70

0.72

0.72

0.66

0.70

0.69

0.70

0.73

0.69

0.69

0.69

0.66

0.68

0.71

0.68

0.68

0.69

0.71

0.72

0.71

0.70

0.70

0.71

0.70

0.67

0.69

10

0.69

0.69

0.69

0.74

0.70

0.70

0.69

0.68

0.71

0.71

0.68

0.71

0.69

0.75

0.69

0.69

0.70

0.68

0.72

12

0.68

0.69

0.70

0.73

0.69

0.69

0.70

0.74

0.71

0.69

0.72

0.71

0.70

0.72

0.73

0.71

0.72

0.72

0.69

0.69

0.73

0.71

0.72

0.75

0.71

0.72

0.72

0.70

0.70

0.73

0.71

T1-Concordance

15

0.70

0.71

0.72

0.74

0.72

0.72

0.75

0.70

0.72

0.70

0.69

0.74

0.74

0.72

0.73

0.73

0.72

0.71

0.72

0.70

0.73

17

0.69

0.69

0.75

0.73

0.74

0.72

0.71

0.69

0.73

0.75

18

0.70

0.70

0.71

0.75

0.73

0.74

0.73

0.70

0.73

0.71

0.69

0.74

0.75

0.71

19

0.70

0.70

0.69

0.77

0.74

0.73

0.73

0.74

0.71

0.69

0.73

0.75

0.77

0.74

0.73

0.73

0.69

0.76

0.74

0.75

0.75

0.73

0.71

0.71

0.70

0.76

0.74

22

0.70

0.70

0.77

0.76

0.72

0.68

0.73

0.71

0.71

0.79

0.75

0.70

0.72

0.75

0.76

0.72

0.74

0.71

0.71

0.76

0.72

0.76

0.76

0.72

0.74

0.72

0.71

0.77

0.74

25

0.70

0.71

0.72

0.75

0.76

0.72

0.69

0.71

0.73

0.71

0.72

0.75

0.74

0.70

0.75

0.73

0.72

0.71

0.74

0.73

0.69

0.76

0.76

0.74

0.69

0.71

0.74

0.69

0.77

0.75

28

0.71

0.74

0.75

0.74

0.72

0.76

0.69

0.76

0.74

29

0.70

0.72

0.76

0.76

0.72

0.70

0.73

0.76

0.74

0.69

0.76

0.75

0.69

0.74

0.75

0.76

0.72

0.74

0.71

0.76

0.74

113



4.2 Training Set 2 (T2)
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4.3 Training Set 1 and Set 2 (T1+T2)
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