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Introduction to StarDrop: Getting Started...

In drug discovery we are faced with many challenges as we look for compounds that have the right
balance of properties in order for them to become successful drugs. In the early hit-to-lead stages we
often wish to explore a wide range of chemistry in order to find those areas of chemical space which
contain lead series with the greatest potential. As we move into lead optimisation we need to focus
more closely to learn about the structure-activity relationships (SAR) and design new ideas around
specific scaffolds. In this first section we will become familiar with the StarDrop interface and touch on
a number of these themes.

Objectives
e Gaining familiarity with the StarDrop interface

e Importing compound data
e (Calculating simple properties for compounds
e Visualising data

e Using Card View™

Exercise
e Open the project file 5SHT1A library.sdproj.
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1. Which chemistry has the highest average potency?

Answer:

2. What is the identifier of the most potent compound?

Answer:

Hint: Sort the data set by pKi in descending order by right-clicking on the 5HT1a affinity (pKi)
column, as shown below:
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Initially, we will explore the relationship between the measured potency (pKi) and simple ‘drug like’
properties of the compounds in this library. We are going to calculate some properties and then use
the visualisation tools to find a chemistry that meets a number of property criteria. To do this, use the

following steps:

e Select the following properties in the Models tab: logP, MW, HBD, HBA, TPSA and Rotatable
Bonds.
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e (Calculate these properties for all of the compounds in the data set by clicking the button.

e In the Visualisation tab, click the- button to open another plot window.

e Inthe new window, plot a 2D scatter plot of 5HT1a affinity (pKi) against logP by clicking the -
button and selecting the properties from the X: and Y: menus, as shown below: (Alternatively
you can hold down the Ctrl key while selecting these two columns in the data set)
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e Finally, change to the Filters tab in the plot window to remove points from the plot which have

MW greater than 300. Click the Add button and choose MW to create a new filter and then
adjust the range as shown below:
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e Select a region in the bottom right corner of the plot.

appropriate logP values?

Answer:

Which chemistry includes the majority of compounds with high potency, low MW and

Let’s take a closer look at the ranges of properties across the different chemical series in this data set.

e Click the|

| button to switch into Card View.
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e Click the Design button and choose Custom...
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Click the Open button to load the 5HT1a Card Template. Now click OK.

We can easily compare representative, potent compounds from three different series. Move the
Card View table top down by clicking in the empty space between cards and dragging down.
Now move the 29, 3" and 4" cards up into the space above, next to each other.
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e Zoom in (using the mouse-wheel or the Ctrl + = keys) to take a closer look at their properties.
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e Toggle the property pages to compare their different properties by clicking the circles at the
bottom of one of the cards.

4. All three compounds are very potent so on the basis of these three examples which chemistry
type looks promising as a potential lead?

Answer:

e Change to the third page and add a note for compound S1-9 indicating that this compound has
potential.

Hint: Click on the third circle on the card and then double-click in the Add Notes... field.

e Click the button to colour the cards. In the Colour By dialogue choose the property 5HT1a

affinity (pKi).
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e Click OK.

e Using the mouse-wheel (or the Ctrl and — keys) zoom out again and then from the Layout menu

choose Grid.
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Our data set is already sorted with the most potent compounds at the top.

e Once again, select a region in the bottom right corner of the scatter plot to see the associated

cards.

e We are now going to take a look at the properties of each chemical class (as indicated by the
“Chemistry” column in the data set) so from the Organise menu choose Stack -> By Property....
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e Inthe Stack by Properties dialogue choose “Chemistry”.
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[ stack by two columns

e Click OK.
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5. Which stacks appear to contain compounds with the best ranges of potency and logP values?

Answer:
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Applying Probabilistic Scoring for Multi-Parameter
Optimisation

In hit-to-lead, it is important to quickly focus resources on the chemistries that are most likely to yield
a high quality lead series. In this example we will explore how data from primary screening of a library
for potency against the target 5HT1a can be combined with predictions for a range of ADME and
physicochemical properties to identify chemistries with a good balance of properties. At the same time,

given the uncertainty in the underlying data due to experimental variability and statistical error, it is
important that we do not reject compounds inappropriately and risk missing valuable opportunities.

Objectives
e Using predictive ADME QSAR models

e Creating and using scoring profiles
e Interpreting scores

Exercise

e From the File menu choose Close Project (Discarding any changes) and open the file 5SHT1A
library pKi.txt.

- ™
% Impart text file: CAUsers\Ed\Dacuments\StarDrop\Training\TrainingFiles\SHT1a library pKi [
Mstructure W Name SHT1a affinit; M Chemistry - | Text delimiter

D [ comma
1 585 67 0 porphini 1 ] space
2 é&[) sa-4 738 0 porphini 1 &
[] semicolon
3 (S(E:j 5816 802 0 porphini 1 ] Colon
1 EXEJ s8-17 828 0 porphini 1 Headers
5 \ﬁ% sa-1 653 0 porphini 1
6 &?) sa-21 724 0 porphini 1
7 &2} s8-2 822 0 porphini 1
8 &2} 83 835 0 porphini 1
9 EX% -8 75 0 porphini 1
10 IJ)’% 58-20 784 0 porphini 1 -
Show this dislogue next time [¥] Save settings Back Cancel

e Confirm the text delimiter that has been used to create this file (Tab) and click Next.

e As we import the data, we are going to provide some additional information about the
experimental values we are importing. Select the 5SHT1A affinity (pKi) column in the import tool.
Set the units of the experimental pK; data to pKi/pIC50 and the uncertainty to 0.3 log units
(equivalent to a factor of two in the Ki).
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r
4. Import text file: C:\Users\Matt\Des|

ctop\StarDrop Training Files\5HT1a library pKitxt
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2 &33 5.5 67 -porph\r‘ 1
¥
3 (ﬁj 584 739 -porphmn 1
4 [5:9) 5816 802 -porphmn 1
5 E):E) 5817 820 -porphmn 1
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7 &(% sa-21 724 -porphm- 1
8 Eﬁg s8-2 822 -porphm- 1
) &153; s8-3 835 -porphm- 1
<A
10 G s 75 -porphm- 1

Show this dialogue next time Save settings

Details
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Standard deviation:
() Keep original value

() Use column:

<MNone> S

Note: Selected column will be removed

@ Use default value for all data

0.3

Default t. ‘g data:
Value:
Type:

[k |

[ pnen J[ conce

e Click Finish to complete the data import.

e Onthe Models tab select all the StarDrop models and click the . button to run them.

e Change to the Scoring tab and select the Oral CNS Scoring Profile, listed under Saved profiles,
as shown below:
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e Add 5HT1a affinity (pKi) from the list of Available properties to the scoring profile by dragging
the property into the profile editor. Set a Desired Value of >7 and an Importance of 0.95 for this
property, as shown below:
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so that you can retrieve it easily. B hERG pICS0 < s _—
W 209 pKi £ 6 =
2D6 affinity category low medium -
[ PPBY0 category low [ e——]
[ addrde | [ ook | [ sot ][ et | [ save~ |

e Runthis scoring profile by clicking on the - button in the Scoring tab and answer the following

questions:

6. What are the most critical issues that should be addressed to significantly improve the chance
of success of compound $3-23?

Answer:

Hint: Use the Find tool (the|

7. Which compound has the highest score?

Answer:

Hint: Sort the data set by score in descending order.

| button on the toolbar) to locate compound ID S3-23.
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Exploring Chemical Space to Balancing Quality and
Diversity

Objectives

Generating and visualising chemical spaces

e Considering uncertainty when selecting compounds
e Exploring an appropriate balance of quality and diversity
Exercise
e Change to the Visualisation tab. [ e I =
@ Data Set: SHT 1a library pki -]
e Click the chemical space button . . 5712 Space
Click Create... to create a new chemical el T
space. In .the Create Chemllcal Space e e (i @» O D
dialogue, give the new projection a name
of 5HT1a Space and then use the default S
settings, as shown to the right, to D EErESETE () R
generate a chemical space based on Avaieble Dato: Dot to Use:
chemical structure alone. Click OK to Chemical Structure Chemical Structure
generate the chemical space plot. >
=
e Click the detach button i on the <
Visualisation tab to create a separate <<
window containing the chemical space
plot, as shown below:
l Progress: |
ok |[ cancel |

it View DstaSet Tools CustomScripts Help
-]
= Potent + Oral CNS Scor. MIStructure HName SHTLa affinity (pKi) 1 Chemistry Mlogs -
Models | Scoring | Desion | Visualsation | P450 | torchd | Nova | Autood ¢ 1P . E
1 _J 0502 EP:I) 126 aminotetraline .
5HT1a Space ﬂ
4. 5HT1a library pKi N
A
2 042 aminotetraline
5HT1a Space
‘e
-~ 3 0418 aminotetraling
1 >
A <
: 4 0.408 ] aminotetraline
L3 ¢ 4
i e ﬁ
4 =
o 2 5 0375 aminotetraline
< e o« e =
185" €., Lo "ot .. .. =
P 4 1 -4 B
6 0362 o aminotetraline _
° °© =
T T T T
T T T > w
>>
7 “I 033 — aminotetraline
= Data Set Col E
Data Set Colour Size 3 = = L (#)
— [9) 5HT1a library pki - m
SHT1a library pki - ® @ brary pRt £
= 3 0328 aminotetraline
sopsrecons | | I
5HTLa Space
Launched Drug Space Crcate.., Launched Drug Space
5HT1a Space 10 032 aminotetraline
il e e
(aqw) " B T E R e e 2
Trelis: <Mone> PIER Rl — m 4
3. SHT1a lbrary pka ‘
Ready o Server status: Rows 285 ) Columns 15 ©) Selected0_f
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By clicking on the colour block in the key of the detached plot, colour the points by the overall
score, as shown below:

-
4. 5HT1a library pKi

PSS

5HT1a Space

Data Set

Calour

B Potent...

Size

Plot Customise Filters

i) (&) ] 2] (@) &) () ) ) (8

5HT1a Space
Launched Drug Space

Create...

Delete

e B

Hint: You can change the background colour on the plot by right-clicking on the plot and
selecting Change Background...

Which chemistry contains the majority of the top 10 compounds?

Answer:

Hint: Selecting points from the chemical space will select the corresponding compounds in the
data set and vice-versa, as illustrated below (Please note, the selection shown below is not the
top 10!):

File Edit View DatsSet Tools Custom Scripts Help

-]
Models | Scoring | Desion | Visuslsation | P450 | torchad | Nova | Autobod ¢ {»
5HT1a Space
ok
el
\J.}
*e
\‘ .
»
o !
"o s
o
T T
>>
Data Set Colour Size @
SHTLa library pKi - ¥
Plot Customise. i
il ) i B I
Launched Drug Space Create...
5HT1a Space
Trelis: [<None> )[4

Potent + Oral CNS Scor. M Structure HName SHTLa affinity (pKi) [ Chemistry Miogs
~o /
EE] 0111 N S1-19 aminotetraline
4. SHT1a library pki
122 “ 0104 2aryleycloalkylamine) 1-i
5HT1a Space
123 m 0102 aporphine .
124 H 0.0981 Z(EIy\:ydoa\ky\ammE]l'\m.
125 H 00981 2arylcycloalkylamine) 1-i .
126 00939
arylpiperazine -
it
127 00024 aporphine
Data Set Colour Size 4
5HTLa library pKi B Potent... T
18 M 00011 arylpiperazine 2
. H i) G EENT —
5HT1a Space Create...
Launched Drug Space
Import...
. [N B _ :
i, 3

)
3

SHT1a lbrary pka ‘

Ready

Server status:

Rows 285 (0) Columns 15 (0) Selected 29
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e Select the scoring column to generate a Snake Plot for the compound scores in this library, as
shown below:

File Edit View Dataset Tools Custom Scripts Help

v @

Models | Scoing | Desgn | Viuslsaton | p4so | torcha | Nova | Auto

Potent + Oral CNS Scoring Profile

08

Potent + Oral CNS Scoring Profile

100 150 200
Compounds ordered by score

Data Set Colour Size

(#)
&

5HT1a library pKi -

i & & G @ A E D G

x: [ potent + Oral CiS Scoring Frofile -]

Trels: [ <tone>

7] [ (@) (& (o)

Potent + Oral CNS Scor

121 Ml 0111
122 H 0104
123 m 0102
124 MI 0.0981
125 MI 0.0981
126 M 00939
127 M 0.0924
128 m 0.0911
T

M Structure MNsme

/
S s1-19

4. SHT1a library pKi

M Chemistry

SHTLa affinity (pki)

aminotetraline

2aryleycloalkylaming) L-i..

aporphine

2arylcycloalkylamine) 1-i

aryleycloaliplamine) 1-i

arylpiperazine

aporphine

Data Set

5HTLa library pKi = potent...

Colour Size ‘ (4

arylpiperazine

arylpiperazine

5HTla Space
Launched Drug Space

et S ]

SHT1a library pki ‘

Ready

Server status:

Rows 285 (0) Columns 15 (0) Selected 20

=1

e Points in the Snake Plot for which the error bar overlaps with that of the first compound cannot
be confidently distinguished from the highest scoring compound, based on the selected scoring
profile and the uncertainty in the available data. By selecting compounds with an appropriate

range of scores from the Snake Plot, as illustrated below, answer the following question:

File Edit View Dataset Tools Custom Scripts Help

Wotess | Scoing | Desgn | veusisston | paso | terchd | Nova | Autatod !

Potent + Oral (NS Scoring Profile

2.4

Porant -+ Oral CNS Scoring Profile

100 150 200
Compounds ordered by score

Data Set Colour Size &)

- - . —
5HTa library pKi ‘&‘

i G @ E R EE D N

X: [ Potent + Oral ONS Scoring Profile -

Trels: <None>

Potent + Oral CNS Scor

ln
Zn
}“
dn
5“
6“
7“
sn
Qn
mn
u_

< [0

M Structure SHTLa affinity (pK) M Chemistry

aminotetraline .

5HT1a Space

Colour

ne
aminotetraline

5HT1a library pki

Data Set
B Potent...

5HT1a Space
Launched Drug Space

Create...

[ peee |

s ES []

SHT1a lbrary pka ‘

Server status:

Rows 285 (0) Columns 15 (0) Selected 44

=
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As an alternative approach to explore the distribution of high scoring compounds within this library, we

can use StarDrop’s analysis tools

to cluster our compounds based upon their structures or properties.

[

e Switch back into Card View by clicking the "= | button.

e From the Analyse menu c

hoose Clustering.

-
‘:'.'. . Cluster

(9 o

Cluster by:

(@) Structure  (©) Propertier @)

Similarity

Available Columns:
5HT1a affinity (pKi)
logP

MW

HED

HEA

TPSA

View results in Card View

Common Substructure

Ll 07

Columns to Use:

=

<<

Display common substructures

[ Cluster ][ Cancel ]

e Select Common Substructure and then click the Cluster button.

File Edit View DatsSet Tools Custom Scripts Help

Potent + Oral CNS Scoring Profile

08

Potent -+ Oral CNS Scoring Profile

10 50 200
Compounds ordered by score

Models | Scoring | Design | Visualsaton | P450 | torchaD | Nova | Auto-doc ¢

) BREAE) G (owm ) fomv) Con )i

Data Set Colour Size @

5HTLa library pKi - ¥

Plot Customise Filters

i G i & B W E D G

x: [ potent + Oral Cis Scering Profile -

-
.
Trelis: [ <one> )[4

ST1a ibrary pia

Ready

Server status: Rows 285 (0) Columns 16 (0) Selected 44

e Right-click on a stack and choose Inspect from the menu. This enables us to browse the cards in

this stack and, if necessa

ry, remove cards, simply by dragging them out of the window.
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File Edit View DatsSet Tools Custom Scripts Help

Models | Scoring | Design | Visualsaton | p4sa

8
torch® | Nowa [ Autodoc ¢ P

Potent + Oral CNS Scoring Profile

Potent -+ Oral CNS Scoring Profile

10 50 200
Compounds ordered by score

Data Set Size

5HTLa library pKi

Colour

[Pt | Customie | Fites |
) G

x|

BTN TR

Patent + Oral CNS Scaring Profile

2

Trelis: | <None>

o) () m) &) &)

(2] (@)% (2] [(aslyse ] [oganse ~)[Cayout ~] [[oeson +][F]

DAY

Potent +0..: 0,313

EO

Whame: 58-13
L [ Ielo] /

Cp—=

"
I

Potent +0..: 0,288

Potent +0..: 0,243

[l

Whame: 5821
5 [ Iele]

Potent +0r. 0.27

WName: 584
L ®00

X for

l“ l a

=

E

i Ry
Potent +0..: 0,224 o

WName:
L *00

el

5816

[ Mininazp

&

ST1a ibrary pia

Ready

Server status:

Rows 285 (0) Columns 16 (0) Selected 0

e Click the button and colour the cards by the overall score —interpolating from 0 to 0.3.

File Edit View Dataset Tools Custom Scripts Help

8
Models | Scoring | Design | Visuslisaton | P450 | torcha | Nova | AutoMod I

Potent + Oral CNS Scoring Profile

08

06

Potent + Oral CNS Scoring Profile

10 50 200
Compounds ordered by score

Data Set Colour Size

5HT1a library pKi -

Plot | customise | Filters

i

%

B EE MM

Potent + Oral C1S Scoring Frofile

=)

=) (k) ) (&) &)

Trelis: [ <None>

E(2)(2] (7)) [amwhse -] [Owance ~][iovou =] [meson ~](iii]

MiniMap

SHT1a library pki

Ready

Server status:

Rows 285 (0) Columns 16 (0) Selected 0

We can see that the Aminotetralines generally have the best overall scores, but we’d like to

refine the clustering results to combine the three stacks which contain Aminotetralines with
common sub-structures (highlighted above) by dragging one on top of the other.

Note: On some computers this display may be rotated but the Aminotetralines we’d like to
combine are highlighted above.

The newly combined stack will show the common sub-structure of all the compounds in the three stacks
that we have combined. This flexibility enables us to “fine tune’ the layout based on our understanding

of the chemistry.
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We can easily compare the distributions of scores

within the clusters by showing these on the stacks: M M

Default
e From the Design menu in Card View, choose the _
Default option. Diagram Cnly
All Properties
Custom...

MCS Quster = 14 E

MCS Cluster = 10

MCS Cluster = ! 'l \
MCS Cluster = 20

To save time in combining the remaining clusters into chemical series, we can use the pre-
defined “Chemistry” column to create a stack for each chemical series:

e From the Organise menu in Card View, choose Stack -> By Property....

| Organise || Layout v | | Desgn ~|[%
Stack * Stack All
".. By Property... By Property...
Timeline... Recursive Partitioning...
B2 Similarity iy Break Al
Load Save Stack Details to Dataset
Save u
Custom g
T p——
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e Inthe Stack by Properties dialogue choose “Chemistry”.

%, Stack by Propertx—'es e m
s gy W W 2w W

Stackby: | M Chemistry - |

Brs:  [2 B Edit

[7] stack by two columns

As we saw previously, the Aminotetraline series contains the majority of the high scoring compounds.
However, we can now easily see which other chemical series should also be considered:

e In the Snake Plot in the Visualisation Tab select the compounds that are not confidently
distinguishable from the top-scoring compound.

Hint: If the Snake Plot is no-longer visible, click the mu'“ button on the Visualisation tab to create
this plot again.

File Edit View Dataset Tools Help

a
SodS. _saina [_omn | vetmion | 0o [ sva[_auiowol 7] il (21 (2] (2] () (e ) crsmees o] (v ) (oo (6] £

Potent + Oral (NS Scoring Profile

B (2]a®m

Patent -+ Oral CNS Scoring Profile

31 @

)

*
100 150 200 R
Compounds ordered by score (3]

Chemistry = Chemistry = Chemistry = Chemistry = Chemistry =

porphi 2
Viamines ) L-indanol
Data Set Colour Size 4
5HT1a library pKi - . IS
MiniMap A3
Plot | Customise | Fiters
) G ) & I E (&
I R
x: [ Potent +Oral G Scoring Profie -
Trelis: [ <hone> ] [
K3 SHTta lbrery o0
s (@ &) %] | Server status: Rows 285 (0) Columns 24 (0) Selected 61

9. Which other chemistries should we consider in the search for a high quality lead series?

Answer:
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Interactive Design and the Glowing Molecule

One of the chemical series chosen for progression from the hit-to-lead project, explored in the previous
section, was a series of Arylpiperazines (series S10).

In the following example, we will explore how the Glowing Molecule visualisation can help to guide the
design of compounds to overcome potential liabilities, while monitoring other properties to ensure that
improvements to one property do not have a negative impact on other important factors.

One of the potential issues identified for this chemical series is inhibition of the hERG ion channel,
indicating a risk of QT prolongation and cardiotoxicity. Therefore, we will use the interactive designer,
guided by the Glowing Molecule, to explore potential strategies to reduce the predicted hERG plCso.

Objectives
e Loading additional predictive models and scoring profiles

e Using the interactive designer
e Interpreting the Glowing Molecule

Exercise
e Open the file Arylpiperazine series S10.add containing 21 compounds from series S10, for which
both potency (pKi) against the 5HT1a target and half-life for metabolism by CYP3A4 have been
experimentally measured.

=

e Change to the Models tab, click the button and select the model
5HT1a_pKi_Arylpiperazine_local_model.aim. This will appear in the list of models under the
branch called StarDrop Training Files, as shown below:

4 [ Custem
4[] starDrop Training Files
0] W SHT1a_Arylpiperazine_local_model

e Now we will load a new scoring profile that uses this model. Change to the Scoring tab, click the

button and select the scoring profile Potent + Oral CNS Scoring Profile all predicted.apd.
This is the same as the profile we used earlier, using predicted values of the 5HT1a pK; in place
of experimental pKi(but not CYP3A4 stability, because a model is not available for this property).
We will explore strategies for optimisation of stability with respect to P450 metabolism in the
P450 exercise later (if applicable).

e Score the compounds using the new profile by clicking the button.
e To help us to get an overview of each compound’s properties change to the Molecule View by
clicking the|g| button on the toolbar. Find compound S$10-14, which is the highest-scoring

compound (Hint: use the Find tool |E| on the toolbar). Click on the hERG pIC50 model result
to display the Glowing Molecule for this property, as shown below.
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Eile fdt View DataSet Jook Help

=

b
todes | Scorng | Desgn | veustsston [ P40 | x| nova [ 4430
Srofie: Potent + Oral QNS Scoring Profile allpredicted

&

Property Deswred Value Importance
W SHTL) Aryipipenzine fo. > 7

B ogs > 1

W HA category .

o logP 0235

W B8Blog((brainf(blocd])  02->1
588 category .

W 0-gp category e
B hERG pICSD < s
- 20 <6
W 206 ity ctogory  lowmecium (&)
 PPESO category low

woRHE» S

(Chsnie ] [ o ) [seai] [ e ) [@) [Eisner]

Avaisble Propertes Crters _ Importance
-
W Rotatable Bonds
W 209 piG (version 51
888 category (version 5.1)
W 888 log([braink{blood]) (version 5.
B P-gp category (version 51
W P8 category (version 5.0)
W SHTLs Aryipiperazine locsl model
1 SHTLs affinty (pK)
W Chemistry
W CYPIMTL72 (min)

FSAPE |8

L =y

0 foaP. ‘lu 209K ”l HERG pIC0 |

Scoring Profiles

Potent + Oral CNS Sconing Profile sll predicted
Oral Non CINS Scaring Prafile

Oral CNS Seoring Profile

Lipinzki Rule of Frve

Intravenous Non CNS Scoring Profile
Intravenous CNS Scoring Profile

- SHTLa afinity (£K)
782

I. CYP3AA T2 i) ‘ Hlmwmﬂglwu
s 725

ation | Onal CNNS Scaring Profile all pre.| | M1 Name.
$1044

- g =

@

W 888 loa(lbraink{blood]) l “l 888 cateqory. Hl HA cateqory ‘ | -

287 45t 603

FRRRRRE

\ i 3 =

high

®

PO Excirer:
asdprotie... ) | -
o] | pott | | St = STy ] % Aryoperane seres S10

LRy Server status: Rows 21 {0) Columns 16 (D) Selected 0
SR -

e Change to the Design tab to explore strategies to reduce the potential for hERG inhibition. Select
the displayed structure in the molecule view and it will be displayed in the editor. When the
hERG pIC50 prediction is selected, the Glowing Molecule will also be displayed, as shown below:

Red regions have a
tendency to increase the
value of4 the predicted
property.

Blue regions have a
tendency to decrease the
value of the predicted

. property.
e Edit the structure, as shown below:

10. What effect does this have on the predicted hERG pIC50?

Answer:

11. What effect does this have on the overall predicted score?

Answer:

12. Why?

Answer:
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e Try the structure below instead, replacing the phenyl of compound S10-14 with a pyrole:

Hint: To quickly delete the phenyl ring in the previous compound, draw around the phenyl ring

with the tool and type Ctrl-X.

13. What effect does this have on the predicted hERG pIC50?

Answer:

14. What effect does this have on the overall predicted score?

Answer:

e Add this compound to the data set by clicking the button below the editor. If you wish, you
can give the compound a name by double-clicking in the Name cell.

Feel free to explore some additional ideas for how to reduce the predicted hERG pIC50 without having
a detrimental effect on the overall balance of properties. In a later exercise (if applicable), we will
explore how the Nova module in StarDrop can help to automatically explore a large number of ideas to
identify those most likely to give a good balance of properties.
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Auto-Modeller Exercise

Objectives
e Using the Auto-Modeller wizard to build models

e Building continuous models
e Viewing, saving and using new models

Background

Your project has measured some affinity data for the target you are working on. The compounds already
synthesised and measured show a spread of affinities across a number of different chemotypes. In
order to use this for decision making about new compounds to be synthesised it is necessary to build a
model of this data that can be used alongside the ADME models. Your project has recently measured
the affinity for the target for a small number of further compounds and these will be available to test
the models built with the original set of data.

This exercise uses the Auto-Modeller tab and the Mathematical Function Editor in StarDrop.

Exercise
e Open the file Affinity Data.sdproj.

This project contains two data sets AffinityData and AffinityData2. We will use the first of these data
sets to build a QSAR model of the target potency. First, we need to convert the target Ki data to
appropriate units.

=) |

e Open the Mathematical Function Editor by clicking the|ﬁ_ button and create a function to
convert the K values into pKis in a new column called pKi. The Ki values are uM and so the
function is:

-log({Affinity Ki(uM)}/1000000)

F B
{ M _inematical Function Ediwe: M
o og{{affinity Ki(uM)}/1000000) D

New Column Mame: | pki
Funcicsne Columns Calculator

4 Mathematical - Smiles E B
pow o]
- oo | (3)a] () ()]
In L
e i 2]

4 General
e (i) (2]
sum
- e
max
‘ -

[ ok || concel |

e On the Auto-Modeller tab start the Auto-Modeller wizard by clicking the button.
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e On the first wizard page, accept all the default settings but change the Value Column: to be pK..

[ {'I . StarDrop Auto-Madeller M1
o —
Create Session
Model Type
@ Continuous ) Category
Set Split
(| @ Automatic ) Manual
Model Data
i Mame: AffinityData
Data Set: AffinityData |
Validation Set: | <Mone> -
H Test Set: <Nope= -
Value Column: pKi v] ’ |
Structure Coie 27 -
i
< Back [ Mext > ] [ Einish ] [ Cancel ]
= —_—— =

e Click Next until you reach the Select Methods page. Here, un-tick all the Intensive methods.

(In practise you would normally use all these methods for a data set of this size, but for this
example we will just use the quicker methods).

F k|
1. StarDrop Auto-Modeller m
i

Select Methods

Quick

PLS
Simple REF
| Moderate

Gaussian Processes: Fixed
Gaussian Processes: 20 Search

f Random Forests Regression Number of Trees: 100
Intensive
7 | GAREF GA parameters. ..

[ Gaussian Processes: Farward variable selection
] Gaussian Processes: Rescaled forward variable selectic )
|:| Gaussian Processes: Optimised

[ Gaussian Processes: Nested sampling

r < Back mext= | [ mEnsh | [ cancel

e Click Finish to start the model building process.
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e Once the process has completed, select the session to see statistics for all of the models.

Y

Daaser Tools Help

. - 2 Semiles L L W Affinity Ki(uM) pKi o
5 | Scommg | Design | Veusisaton | P50 | torch®d | fova | Autooceer [4] .
Session Status 1 Iy Compound-52 01059 6971 2
4 AffinityData Complete Norove o
GPFued ' |
R8F Model =~ A
2 Compound-133 182 )
Random Forest Re. ol -
PLS Model r
GP2DSearch
3 Compound-13 01208 6918 E
Model Summary £ %
- X mpound-14 B
ValRSqr ValRMSE Test RSqr Test R 4 S feomemyrec 7ma b =
GPFaed 0901392 0292085 0771667 053235
e foo
GP2DSearch 0896328 0402025 Compound-89 5258 o
PLS Model 087411 0443015 S -1
REF Model 0747097 0627914 H B
s Compound-84 7018 4154
Random Forest Regression Model  0.599843 0.78984 X0 T
7 7 /‘ Compound-53 789 4103
3 3T Compound-109 231 153
o
9 ! Compound-145 3258 3487
1 't Compound-87 w34 3106
Display: ] Trainingset @ [¥] Vaidationset ® 1] Testset s Compound-79 163 1806
Server status: 310b{s) in queve =B [ — - - e =
B AffntyOata % AffrityData2
Resdy — - Serverstatus &) ) Rows 138 (0) Columns 4 (0) Selected 0

Hint: To see a graph of the model results for an individual model, select the model in the list.
15. Complete the following table and then comment on the differences:
Training ‘ Validation
‘ RMSE ‘ R? RMSE

PLS

GP Fixed

RBF

Random Forests

GP 2D Search ‘

Comments:

Hint: To see the Test results for all models right-click on the modelling session and select the View

Session Details menu option.
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16. Which is the best model and how does it compare with the others?

Answer:

e Save the best model by right-clicking on them and choosing Save Model... from the menu.
e Change to the AffinityData2 data set.

e From the Models tab, run the best continuous model against this set of compounds.

Hint: the saved models will appear in the Custom section.

Eile fiew DataSet Jools Help

s
= Siles D Wadfinity KiuM) ok Affinity Model
vocets | Scarng | Desgn | Veusoton | 2450 | trchdd | Nova | At ‘1) 5 = i
Available Models 1 1 Compound-11 48 4504 4593 e
4 7] StarDrop > (.
[ M logs
[ 14 logS @ pHTA @ A
o logp 2 Compound-148 #1238 39 335 =
1 W logd Bl
W 209 pki —
[ W hERG pICS0
72 W 888 log(lbraink{blood]) 3 O\/Q\/Ocompmmd-m 8531 3069 326 )
72 W 838 category
" W HIA category = a
[~ W P-gp category
[E1 1 206 affinity category 4 Compound-110 1 4925 5057 s
[ ™ PPB30 category
" B
W D "
o
5 W Hea s Compound-136 o162 7754 7565
" W TPsA T
B Feibilty =
") W Rotatable Bonds
L models L]
Rse st 6 Compeund-75 2065 2688 24n
] Temporary
B TEMP_AMG AfiniDaes At st GPFixed o
47 o 1
# [V Example files
D) B Aty Mod o 7 Compound-54 0287 6541 6184
8 Compound-132 1871 3728 3
9 Compound-146 05039 6219 5828
3
10 Compound-45 18 495 4515
) CY
; AfirtyOata AfftOata2
Ready . Serverstatus: ) Q) Rows 10 () Columns 5 (0) Selected 0

17. Comment on how well this model performed and which might be most useful when making
decisions about which compounds to synthesise in the future (For convenience, the K; values
have already been converted into pKis to help you to compare them with the models):

Comments:
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Predicting Metabolism by Cytochrome P450 to Guide
Optimization of Metabolic Stability

Objectives

Background

In this example we will explore the feasibility of pursuing a fast-follower for Buspirone, a 5-HT1a ligand
used as an anti-anxiolytic therapeutic. Buspirone has a known liability due to rapid metabolism by
CYP3A4, leading to low oral bioavailability and a short half-life in man. The project wished to efficiently
identify analogues of Buspirone with an in vitro CYP3A4 half-life 3-times longer than Buspirone and a
minimum loss of receptor affinity.

The structure of Buspirone can be broken down into three regions:

O, [e)
[¢]
N N
N =N =N
N
- /N JI <: NN 0 <: NN 0
<\: />—N N o \ N/>_ / \ N/>_ /
N —
Arylpiperazine Tetramethylene linker Piperidinedione moiety
e Protonatable recognition e  Metabolism: N- e Metabolism: oxidation of
element, receptor affinity dealkylation o to spirocyclopentane ring
e Metabolism: piperazine N4

Hydroxylation at
pyrimidine C5

This example illustrates the use of the P450 metabolism models to explore structural modifications in
each of these regions in order to identify those most likely to significantly improve the stability with
respect to CYP3A4 metabolism.

Exercise

Our objective is to identify structural modifications that reduce the vulnerability of key sites of
metabolism, as indicated by decreasing the site lability and, ultimately, identify molecules that are
likely to meet the project goal of increased half-life with respect to metabolism by CYP3A4 by reducing
the composite site lability (CSL).

We will explore modifications to the different regions of Buspirone identified above using two different
series: Series 1 will explore alternative aryl substitutions on the piperazine; Series 2 will explore
modifications to the tetramethylene linker and piperidinedione moiety. These series were designed to
maintain potency against 5-HTiaas well as improve metabolic stability.
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*  Open the file Buspirone P450.sdproj by using the File -> Open menu option.

r
% . Select file(s) to open E!I
@O- v Exemple files < [ 43 | Search Example files 2

Organize ~ Mew folder =~ 0 @
B Desktop “  Name Date modified Type Size
8 Downloads y .
|| 5SHT1a library pKi 12/06/201315:13 Text Document
LE*-] Recent Places . ) .
4. SHT1a library 21/10/201517:25 StarDrop Project
N . | 5HT1a_pKi_Arylpiperazine_local_modelai.. 20/05/20131239  AIM File
= Libraries :
4. Affinity Data 21.100201517:29 StarDrop Project
|4 Documents P
Im I Arylpiperazine series 510 17/03/2015 10:24 StarDrop Dataset
usic A
L 1. Buspirane P450 22/10/201513:16 StarDrop Project 3
[ Pictures = .
T T —— 36 /06,0015 14,11 e
B videos ;
. Nova lead compound 30/08/201210:33 StarDrop Dataset
|| Potent + Oral CNS Scoring Profile all pre...  13/06/201311:32 APD File
1% Computer R X ]
|_| Serotonin_Transporter_logKi.aim 30/08/201210:33 AIM File 1
€ Network
b= [ . ] 3
File name: + | Supported Files(*.sdproj *.add * ~

*  First choose the BuspironeS1 data set, containing the compounds in Series 1.You will see a

spreadsheet containing structures, identifiers and their measured half-life with respect to

metabolism by CYP3A4. The data set contains 9 compounds, the first of which is Buspirone.

Eile DataSet Jooks Help

-l prre— 0 WCYP3A4 T2 (min)  WSHTIAICSD (uM)
Models | Scomg | Desgn | Veusisabon | P450 | torchd | Nova | Autodoc 1P %
[ &
Available Models 1 O ,_/":\':' buspirone 45 0025 =
C- N @
2 QDOB spAPpyimSF 523 0063 A
o/ uspAPpyti ’
.{_‘wu_..fj_: o -}
!
3 o S buspasphentt 32 0064 2
RaSoal
[ W P-gp category 3 5
(¥ 1% 206 affinity category ¢ ' buspAPpyrid2 47 0.007 4
[ B PPE) category OO & 2 5
M o =
HED 4
oA 'DOI: 2 55 046 e
¥ W Tpsa 5 o A uspAPpya: s
¥ W Fiesibilty X =
7 W Rotatsble Bonds
L b By
B b e OO 75K buspazphentome 21 083 -
asoal =3
o -
: Ve, CHN r/_f“DO buspAPphenIOMe 3 0015
OO
s 2 X0 n20Me 51 0002
GO ET
s 'C)Ohuwmm s o015
Ve Yeal
(= = = =
[ Buspronest % Suspvones? [ Comtied
Ready Server status: Rows9 [0) Columne 4 0] Selected 0

*  Change to the P450 tab, select all of the compounds in the data set by clicking in the top left

corner of the spreadsheet and submit these to the P450 models by clicking on the .

button.
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Eile Edit View DataSet Jooks Help

I I I | T D WCYP3A4 TL/2 (min)  WISHTIAICSO (uM)

i [m6 [z [ [ [ 2 [z

2

O :DO

S APH ?HE S Bl EN
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B | |1 aign vetsboites Serves status: |No server available = T
Busprones1 ® Busprores? B2

Ready - Serves status: Rows 9 (0) Columns 4 (0) Selected §

When the calculations are complete, the results will be returned from the server and a summary will
be displayed in the spreadsheet. Each molecule will take roughly 2-3 minutes to calculate; however, if
the results for a molecule have previously been calculated on your server, the results will be returned

instantly.

*  Selecting a row in the spreadsheet will display the detailed results for a single molecule in the
P450 tab (Hint: the regions of the P450 tab can be resized to enlarge the regioselectivity and
site lability views). The results for Buspirone are shown below:

Ele Edt View DataSet Jooks Help
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6 0986 _/-{:)O buspAPphendOMe 21 093
| sy “ ([ o0 e
csL=09553  Labie o
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18. Which are the major sites of metabolism on Buspirone predicted for CYP3A4?

Answer:
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*  Examine each of the remaining compounds in turn to identify modifications to the aryl group
that improve the vulnerability of this region of the molecule to metabolism by CYP3A4. This
will be indicated by lower site lability bars shown for the corresponding sites in the
Metabolic Landscape view. An example of such a modification is shown below:

Buspirone buspAPpyrim5F
18,22 4%
C22,C23: 9%
Y
C19,(21: 2% o) 06,C7: 3%
N N
—N = :
€26: 56% \ ,)—N N o F N\ /
N24,N28: 1% &
N4,N6: 2%
3A4 Metabolic Landscape 3A4 Metabolic Landscape
C5L =0.9502 W Labile CSL=0.8673 W Labile
Mad Labile Mod Labile
W Mad Stable W Mod Stable
W Stable W Stable
W Unknown W Unknown
II [ | EEEEEEN EEEEEEEEEEm
C26 C16 C22 C18 C7 C6 (21 C19 N28 N24 C8 (5 MN20 C13 C9 (3 (15 W12 C27 C25 C14 C12 €23 (€22 C28 C10 C9 C29 N6 N4 C24 C21 NB C7 (3 C15 C25 C19 C13 N16 C14

19. Which are the most promising modifications of the aryl ring to reduce lability in this region of

the molecule?

Answer:

The composite site lability (CSL) for a molecule is a measure of the efficiency of the product formation
step in the catalytic cycle of CYP3A4. Thus, a lower CSL value indicates greater stability. In this case, as
we are modifying only one region of the molecule, other moderately labile sites remain, so there may
be only a small change in the overall CSL, even for a beneficial modification. Also, other factors influence
the overall rate of metabolism (in particular logP and pKa) therefore we do not necessarily expect a
direct correlation between the small changes to CSL and the CYP3A4 half-life at this stage.

*  Change to the BuspironeS2 data set.. This contains the compounds in Series 2 that explore
modifications to the tetramethylene linker and piperidinedione moiety.
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*  Run the P450 calculations for Series 2, as described above for Series 1, and explore the

resulting Metabolic Landscapes. An example is shown below:

Buspirone buspLSamegemdimet
C18,022: 4%
C19,C21: 2% o 06,C7: 3%
N
- 4_/‘
C26: 56% N\ />—N N ; 0 €2: 20% N
IC17,C21: 3%
c18,C20: 1% /T\
Al I 173,127 - 2%
L

3A4 Metabalic Landscape 344 Metabolic Landscape

C5L =0.3502 W Labile CsL =0.8382 B Labile
i Mod Labile

M Mod Stable
W Stable
H Unknown

IIII. P T T I PTTT
c8 9 3

C26 C16 C22 C18 C7 C6 (21 C19 W28 N24 C5 N20 C13 C15 N12 C27 C25 C14

II........III-----
8 @ C13 C1 C5 Ne c3

C25 €2 €21 C17 M27 N23 C12 C11 C20 Cl 1%

B Mod Stable
W Stable
B Unknown

C4 C26 C24

20. Which are the most promising modifications of the tetramethylene linker and piperidinedione
moiety to reduce lability in these regions of the molecule?

Answer:

*  Finally, we would like to explore combinations of the modifications we have identified to find
compounds with improved overall stability, while avoiding those changes that caused a large
decrease in potency. Change to the Combined data set to load three such examples and run

the P450 models as described above.
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Eile fiew DataSet Jools Help
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*  Note that all of these compounds have significantly better (lower) CSL values than Buspirone

and meet the objective of greater than 3-times the half-life of Buspirone. Furthermore, in

two cases, ICso values against 5-HT1a of less than 0.1 pM have been retained.

*  Further modifications can be explored by drawing new molecules in the Design tab. Add

these to the dataset using the & button before switching to the P450 tab and submitting
the molecules to the P450 models.

Eile View DataSet Jooks Help
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Further details of the chemistry, assays and results in this study can be found in Tandon et al. The design

and preparation of metabolically protected new arylpiperazine 5-HT1A ligands. Bioorg. Med. Chem.

Lett. 2004 14(7) pp. 1709-12.
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Applying Matched Series Analysis to Improve Target
Activity
Objectives

e Using Nova’s Matched Series Analysis to generate new compound ideas

e Controlling the different approaches for generating suggestions for matched series

e Exploring Matched Series Analysis results

Background

This example uses a publically available set of Human Chymotrypsin Ki data and searches the ChEMBL
plCso knowledge base to find matched series that indicate new substitutions with a high likelihood of
improving the binding at Chymotrypsin.

Exercise
e Open the file Chymotrypsin_pKi.add by using the File -> Open menu.
r ol
Bilal=! MATSY i
Home Share View ~ 0
= X cut ‘t x @ Lh [ Mew item - Q k. Open~  HH selectan
\
[W] Copy path | S \ —;’ansy access ™ DEdit 50 Select none
Copy Paste _ Move Copy Delete Rename Mew Properties ) = .
[2] Paste shorteut tow tow - folder - 45 History DE Invert selection
Clipboard Organise New Open Select
m v 1[I0+ StaDropvE0training + Worked Examples + MATSY v[ ¢ [ search MATSY ol
-

R - Namge Comans i Size

B Desktop | |[@]% . chymotrypsin_pKi.add 28/05/201509:33  ADD File 507 KB

6 Downloads

% iCloud Drive

& iCloud Photos

‘i Recent places
#d Homegroup

=

1item 1 item selected 506 KB == =

s

You will see a spreadsheet containing 115 structures and their measured affinities for Human

*Chymotrypsin C (in the column labelled pKi).

e Change to the Nova tab and then the arrow button at the bottom of the tab.

He Nova Wizard €

Select Task

Nova ldeas Generation

Library Enumeration
Generate a vrtual lbrary based on 2 scaffuld and specified R-groups and scaffokd variatons

& Matched Series Suggestions

‘suggested new thase senes

T (=) =

e Select the Matched Series Suggestions option and click Next
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1 . Matched Series Wizard m

Select Property
Seek to fingease v ][ gl =] pisfprcso
[ > matched serin Itified in Chymotrypsin_pKi
‘ knowledge ba
Namy Property Units

chembl20_(C50.msb pIC30 N/&

Import..

<gack || Mext> | Fnsh ][ cancel

In the dialogue box that appears, you can specify the column containing the property you wish to
improve. In this case, the column we are interested in, pKi, is already chosen and we want to find
suggestions that increase this value so this default option is also correct.

e Select Next to continue.

At this point you can change the limitations placed on the suggestions returned. In Matsy™ the support
for a suggestion comes from the number of times it has been seen; the more frequent the occurrence
of the order of the input series, the more likely it is that the suggestion will be an improvement. Hence,
to find many examples in the ChEMBL knowledge base, the compared series are generally short.

With SAR transfer, the support for a suggestion comes from a long series of derivatives that shows a
consistent trend with that seen in the input data set. This example data set is too small to have matched
series with the default minimum number of derivatives (8), so for this example we will decrease this
limit.

r 1
. Matched Series Wizard [
Select Method

Calculate Matsy suggestions

Winimum number of matched series n £
Minimum length of matched series 3 B
Calculate SAR transfer suggestions

Minimum series correlation 07 [£]
Minimum length of matched series s [£

<Back || WNet> || Fmsh || Cancel

IS

e  Click on the Minimum length of matched series box in the SAR transfer section and change
the value to 6 as shown in the image above.

e Click the Next button to continue.
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¥, Matched Series Wizard m

Output Data Set

Name:  Chymotrypsin_pKi_suggestions
Matsy
Percent that improve
Total number of abservations
Enrichment

SAR Transfer
Maximum correlation

Number of series with improving SAR transfer

Show in Card View

<Back | | Next> l‘ Finish ][ Cancel

e Check all the boxes for the Matsy output as shown above and click Next.
e Here you can choose structural filters to exclude certain chemical groups. In this case we

will use the defaults, so click Finish to begin the matched series analysis.

The suggestions are returned in a table with the Matsy based suggestions first, followed by the SAR
transfer suggestions. The Matsy suggestions are ordered by the % that improve column and the SAR
transfer are ordered by the Max Correlation column. When a row is selected in the data set the
suggestion is displayed in the main Nova tab and the supporting evidence is shown in a table below it.
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SAR data from the input data set is in the first row (which is why the target and first substituent
columns are empty) and the SAR data is ordered with the least active/desirable on the right to the
most active/desirable on the left (as indicated by the colour coding in the table cells).

The first row of the data set shows one of the suggestions that is most likely to improve the pKi which
is the creation of the Bromine derivative. This suggestion is based on the order of activity seen for the
hydroxyl, methoxy, and unsubstituted derivatives, at that position on the displayed scaffold, seen in
the input data set. The Bromine substitution on this scaffold has the greatest weight of evidence
suggesting that this might be worth investigating next.

21. Which other variations on this scaffold might also be worth considering?
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Answer:

Hint: Select the first row and the sort the data set by the scaffold column to show all the other
suggestions for this scaffold ordered by the percentage of times that an improvement has been seen.

22. Which of the suggestions resulting from the SAR transfer method has the strongest evidence
that it may improve activity?

Answer:

Hint: To see the SAR transfer suggestions, right click on the Max correlation column in the main data
table and choose the Sort->descending menu item.
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Applying Medicinal Chemistry Transformation Rules
to Guide Optimisation

Objectives
e Using Nova to generate new compound ideas

e Controlling the way new molecules are generated
e Exploring Nova results

Background

Company X has found a lead compound which they would like to try and evolve into a candidate. The
compound has a good profile of ADME properties but insufficient inhibition of the target (Serotonin
transporter). Your task is to see if you can generate some new ideas for compounds which can improve
the potency while maintaining the balance of other properties.

We will use a model for Serotonin transporter inhibition built with public domain data from the ChEMBL
database using StarDrop’s Auto-Modeller to monitor potency during the exploration.

Nova is capable of generating data sets of many hundreds of thousands of compounds if left to run for
many generations and so for this exercise we’re going to take a look at how we can manage this.

This exercise uses the Models and Nova tab in StarDrop.

Exercise

e On the Models tab, right-click over the models and select Open Model... from the menu and
then open the model file Serotonin_Transporter_logKi.aim

Models | Scoring | Desion | visuslisation | Paso | torchad | Nova | Auto-Modeler

Available Models

4 [@ Custom

[ |:| TrainingFiles
4[] StarDrop

b O] M Jogs

b [ L logS @ pHT A
(] W logP
B logD Run Selected Models

LR
=]
]
o
-
fist

H| hERG pIC50 Select All Models
BEEB log([brain]:[blood]) Select StarDrop Models
BBE category Select Custom Models
HIA category
P-gp category
2D6 affinity category Open Model...
PPBI0 category Delete Model
MW 4

uon

Clear Selections

[
I
[+
B
[+
[
[
I
[+
[+
[+
[N

1D00o0oooamE

(I ||

e The model will appear in the Custom model section.

e Open the data file Nova lead compound.add

e Select the only row in the data set and on the Nova tab, click the button to start the Nova
wizard. (Hint: like the P450 models, when you start Nova it only applies to those rows which are
selected).

e The Nova wizard can be used for idea generation and library enumeration. In this example we
are going to select Nova Ideas Generation. Click Next.
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On the Specify Input Structure page of the wizard, select the naphthol group, by drawing around
it, to ensure that this is not modified during the process.

r ™y
. Nova Setup Wizard M
Specify Input Structure
Lasso a portion of the molecule to mask it from any transformations
[ strict masking
0
~ N
<gack | [ mext> |[ Ensh | [ cancel |

Click Next to go to the Select Transformations page. Nova will search for, and display, only those
transformations which are applicable to the input structure. However, if you are going to allow
Nova to run for multiple generations (as we will in this example) it is sometimes useful to select
additional transformations. These cannot be applied to the first molecule, but may be applicable
in subsequent generations. Click Show all to display the complete list of transformations

i ™y
1. Nova Setup Wizard m

Select Transformations

() Show applicable @) Show all

Carboxylic acid to phosphonate

Transformation |

4 . Local : J
3 .. Functional group ...

4 .. Linker modification

[ .. Remove atom

b | Ring addition

4 .. Ring modification

[ |

iy

]

4 7] { BlosSTER
b @] bae
4 @ ACT |

[¥]|Carboxylicacid to p... | | Bioster Mo 68 D code:  ACIOD1
[7] Carbowylic acid to s... Name-
[¥] "Gemnic acid to phe.. 0l phenoxyacetic add - phenoxymethylphosphonic

ey

— aci
Carboxylic acid to p...  _ | Phrases: Plant growth regulator

Selected: 24121

. Ring removal

J Terminal group ex.
. Favourites

[ <Back |[ nmet> |[ Emsh || canel |

Hint: selecting an individual transformation will enable you to see an example along with any
other available details.
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For this example, we are going to limit Nova to a small number of transformations. Select just
the following groups: Ring addition, Ring modification and Ring removal.

-

. Nova Setup Wizard

2R

Select Transformations

(7) Show applicable @) Show all

Transformation
4@ | Local
e E
> E
> [
3 b
I k
[ b
b g
D b
4 [0 (_BIOSTER
b [ e ACE
[0 J A
[] Carbowylic acid to p...
[] Carboxylic acid to s...
[C] Benzoic acid to phe...
[] Carboxylic acid to p...
=1 L L Et

Functional group ...
Linker modification
Enuve duonn

Ring addition

Ring modification
Ring removal
Terminal aroue s

Favourites

3

Selected: 42

Carboxylic acid to phosphonate
a”
Bioster No: 68 1D code:  ACIOD1
Eea;nes & phenoxyacetic add - phenoxymethylphosphonic

cid

a
Phrases:  piant growth reguiator

[ < Back ][ Mext = ][

Finish

) (]

Click Next to go to the Control Output page. Change the number of Generations to 3 and tick
the Compound Selection box. Choose to select compounds with High Serotonin scoring profile.
Choose a Biased selection with a weight of 1 on Value (in this example we will not search for
diverse solutions). From each generation select The best 15 compounds.

Hint: You don’t have to specify any criteria when running Nova. However, beware that with just
200 transformations, running it for three generations without any limiting criteria can produce
data sets with over 1,000,000 compounds — which could take a little while.

-

1. Nova Setup Wizard

ER=x=)

Control Output

| Generations 3 =

Me
@ Biaseu Diverse |... | 0

) Random

Select compounds at each generation

I:I Value 1

Select compot1ds with [High v] [

Serotonin scoring profile

(7) Compounds with values higher .

Show results in Card View

4

Selection Criteria
@ The best 15 compounds
() The best 50 compounds

i}

Limit atom count change Maximum: 20

[ < Back ][ Next > ][

Finish

) )

Start the process by clicking Finish. The Nova job will take a couple of minutes to run...
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e While in progress an indicator will show the highest score that has been achieved so far. Once
complete, a new data set will be displayed using Card View.

A radial network will be displayed with the initial compound at the centre and each subsequent
generation in a ring around this.

e You can easily see this by clicking on the colour palette () and colouring the cards by

Generation.
-
% Colour By [REl ===
| cards | unks |
Colour by: [ Generation -
Hame Colour =
1 Gend ||
2 Genl | | 1
3 Gen2
4 Gen3 8
@ Interpolate from [o | to [0 |
Bins | ‘ | Edt |
o]

The links between the cards indicate that a transformation was applied, with the arrow indicating the
resulting molecule. The links are coloured such that red indicates a transformation which increases the
score and blue indicates a transformation which decreases the score. We can see that in this network
the highest scoring compounds were found in the second generation because most of the links to the
last (third) generation of ideas are blue. Where there are multiple links to a compound, or links between
compounds within the same generation, this shows that the same molecule was created via more than
one combination of transformations.
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| button

e Switch to table view by clicking the |

tarDrc
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In table view the rows are sorted with the highest scoring idea at the top. Selecting a row will result in
the compound being displayed within the Nova tab, along with its parent compounds and any
compounds generated from it. Any compounds which are filtered out will be displayed faded-out to
indicate that they were created but are not present in the final data set. (Hint: the penultimate wizard
page, not used in this example, enables you to choose which filters, if any, to apply).

23.What are the main differences between the compound with the highest score and the initial
lead compound?

Answer:

24.There is a major drug in the list of newly generated compounds. Can you spot it?

Answer:
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Prioritising Compounds by a Combination of Potency

(1Cs0), in Vitro Cl Prediction and ADME Properties by
Building Predictive Models.

Objectives

In this example we will explore a strategy for prioritising compounds by a combination of potency (ICso),
in vitro clearance prediction and ADME properties by building predictive models with a user’s own data
set.

Exercise

*  Open the file 1.BACE-1 inhibitor_raw.add by using the File -> Open menu option.

Ces S I . S i

&
Fle Edt View DataSet ok Help
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The ICso values are from the experimental results in the manuscript.

*  First convert the ICso values to log(ICso).

-

@

File Edit Help
=
- - - = D MBACEIC50 NewColumn
Madels | Scoring | Design | Visualisation | P450 | torchaD | Nova |4]
oo
" ¥
Avzilable Models 1 Fﬁ\r‘\g.u 14a 033 -0.4559
4 [7] Custom ]
b [ 9 140813 BACEL IC50_PMH -
&[] M| 140813 BACEL MDCK Papp_PMH [N ;i
» [ 1 140813 BACEL ER PMH - — henabe 055 4126
» [] B 140814 L0g BACE-1 IC50_BU % Mathematical Function Editor l"  # | [ 2 [
1 [7] M| 140828 basic pKa by ADMET predictor
i+ [7] M/ 140828 logCLint(GA-RBF) model flx): log({BACE ICEH )
3 | GPOPT_BACE
b M nkg,ka Mew Colurnn Name: NewColumn e 08389
& [£] M Serotonin Transporter logki Functions Columns Calculator
# [C] StarDrop 4 Mathematical - Structure @ B
[0 W jegs pow D 37 01367
e pere  C(EIE]
°g In NewColumn
3 logD ep E E]
v (] W 209 pii 4 General 13 -0.8861
» [ W herG pICS0 valid
3 ) B8 log((brain]{blood]) wum
1 [7] M 8BE categery
&> [ W HIA category min
© ] W ngp catigony :"nax I 13 -0.8861
©» 7] [ 2D6 affinity category
1> [C] M PPBSO category
.
b _ — _ 62 0.2095
3
3
b
b 22 145 0.1614

BACE-1 inhibitor_raw

Updating Aute-Modeller information...

Server status: @ ) Rows 57 (0) Columns 4 (0) Selected 0

*  After conversion, create your own predictive log(ICso) models using the Auto-Modeller.

¥. staDrop N =lal =]
File  Edit  View Tools  Help
£ W strucn o} MBACE ICS0 NewCol
— ructure lewColumn it
hg | Design | Visualisation | P460 | torch3D [ Mova | Auto-Modeller |d4]|> ]
¥
. ¥
Session Status 1 FI:L,‘\B.",\@X 143 035 -0.4559 £
> 150811_CKD_23 com... Complete
» 150811_CKD_23 com... Complete ("% stardrop Auto-mogeller R ==)
> 150811_CKD_23 com... Complete T
. 0055 -1.26
1 150811_CKD_23 com... Complete Create Session
BACE-1 Inhibity Complets
13 inhipitor_raw omplete Model Type
Model Summary Continuous © Category 014 -0.8539
Set Split
Autornatic
Model Data 157 01367
Mame: BACE-1 inhibitor_raw
Data Set: [BACE-1 inhibitor_raw v 012 08861
Yalidation Set: | <None> ~]
Test Set: | <Mone> ~] P
Walue Calumn:  [NewColumn Bl 013 -o.8861 w |
Structure Column: [Structure ~] &4
162 0.2095
| <Back | [ Mesi> ][ Finish | [ Cancel |
| 22 145 0.1614
Display! [[] Training set @ [] Validation set ® [ Test set
Server status: Mo jobs in queue
BACE-1 inhibitor_raw |
Updating Autc-Modeller information. Serverstatus: ) ) Rows 57 (0) Columns 4 (0) Selected 0

e Compare the R on the validation set and training sets to choose the most appropriate model

for your log(ICso) predictions. Check that the performance is also good on the independent

test set.
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It is also possible to create a similar predictive model of intrinsic clearance (CL) model using your own
in vitro CL data set, but we will not do that in this case.

Create a virtual library using Nova. Select the pharmacophore in the parent structure.

File Edit View DataSet Tools Help
s
Structure nmo WTransform W Generation
hg | Design | | P480 | torch3 | Nova | Auto-Modeller
Parents:
1 143 Parentl GenQ
I
" Y
2 D]@vgu,\if( 143 Gen1: 1 Hydroxyl addition to benze Genl
" ¥
3 F]@VQ 142 Gen1:2 Aromatic to thiophene Genl
% Nova Setup Wizard -
Specify Input Structure ni 3 Six mermbered aromatic t Genl
Cumentc || Lassno a portion of the molecule to mask it from any transformations
Strict masking nl4 Remove methyl Gent
|Ben1s Six mermbered aromatic t Genl
0, 0 B
Y4
N S,
|Ben1:6 Homologation-C Genl
F A I
o
|Ben1:7 Aromatic catbon to pyridin Genl
Children:
|Ben1:8 Mitroso addition to benzen Genl
|Ben1:9 Fluaro addition o benzene Gent
<Back | [ Nest> ][ Finish | [ Cancel ﬂ
T n1: 10 Aromatic carban to puridin Genl
" i d
12 :@\'O’V\?( 143 Gen 1: 11 addition to be Genl 2
E BACE-1 inhibitor_raw Y. 1da
Updating Auto-Modeller information... Serverstatus: () () Rows 160 (0) Columns 4 (0) Selected 0

After library generation, apply the mode of log(ICso) to the library you generate.

e G0t View Duta Set elp
3 . Neapratie "  Generation 140814 Log BACE-1 KK50.80 -l &
_Modsia | Scong | Dasign | Visuslsation | P40 | torchi0 | Nova 2 2 - JD
Profle:  NewProfle Unsoved | | ' 05046 140828 BACE Oral ONS sct Methyl addition ¥ carbon Gens FIOY Kl
Protie Oesired \alue Importance = /5
W 140814 1og BACE-LKSO_. € O — "
2 I 05046 140828 BACE Oral CNS scc Methyl addition 10 carbon Gens 21913 -
Q &
3 i 0587 140828 BACE Oral CNS scc Methyl addition 12 carban Gens 21487 'S
i
4 i 0887 140828 BACE Oral CNS scc Methyl addition to carben Gens 01497 -
S
A A ™
s 06923 140828 BACE Oral CNS sec LK oo, Meth] addition to carben Gené 09024
I 1A n
. ¥
— 6 06923 140828 8ACE Oral CNS sce Gen 09024
[ A Dalete & [ | St Edn LY
Available progerties.
Critwia  importance - 7 06923 140828.8ACE Oral CNS sce 1L Gané 09024
W 140814 _Log BAC. 1
W 140828 basic pa
W 120828 loaClint( ad > 8«
Saved profbes: s 06932 14028 BACEOnal NS sce (AL ) | ¢ Methyl addion w carbon Gene 09109
140813_BACEL inhibitor 1¢oring PMH | & ! iR
140828 MPO scoring PMH =
SAUREESACEL WSS ScoG RS 9 06932 140828 BACE Oral ENS se¢ I ¢ Mathyl addtion to carbon Gene 091090
140912 BACEL inhibitor MPO sum-IV CNS_83 I Yo
141009_BACEL inhibitor FINAL -
Intravenous CNS Scoring Profile Y
Intravencus Non CNS Scoring Profle 1 oeess 140028 Bace oral enssec LI T | » Methyl addiion w carbon Gens. o8
Uipingks Rule of Five i T QTS
NK2 Project
Onal CNS Scoring Profile o
Oral Non CNS Scoring Profile n 06835 140828 8ACE Oral NS sec (UL o ¢ Methyl additin to carban Gené. 08185
MPO Explorer: L p o
- ] =) | 06844 140828 8ACE Oral O sec L1 12 Meth) addion ta carban Gent o8 =
Exiomite. (daokny,| (Eansbiyry ) | BACE-1 nhibdor row e ] 2
Updating Auto-Modeller Information Server stats: O O Rows 682 [ Cokumns & (0) Selected 0
—
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Create MPO score profile.

MPO = } Score (clogP + clogD + PSA + MW + HBD + pKa)

"4 Score Edior. MW

| ]

Categary | Imporiance: e—
Do [
Range Scow
it - 300 100
w0-s@ 100000
500 = inf 000 0]
O aihs o em7 B
]
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w0120 100+ 0z
1200t aso
I R ETT T 175
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[ 0 o T
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1ea 1002 000 | a0 100 020
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%1 Score Editor logD. |t & Score Ecitor: logh. T
- Imporance; em— [— - mportance | e—
o T [ el 10
Range seare
nt e Lo
15 100 000
I0.E- 5> inf 000 o8
o
I T Yot law ser o Em
[0k ] [ Conea) [0k ] [CGme]

Select log(BACE1 IC50), MPO SUM and log(Clint by ADMET predictor) to create a scoring
profile with which to prioritise the compounds. You can also add other built-in ADME

properties for rank order

140813 BACEL ICS0_PMH
B 120813 BACEL MOCK Pagp PMH
71 1 120813 BACEL_ER PV

W k2 pld
W Serctonin Transporte logkl
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Updating Auto-Modsler nformation.

v‘.)g

Structure

. T ———
- = = [ - I
= | = - 1 - I
- | = | = 1 -
ot 2222 2687 mn I 1 L o L 0304 L
- = | - 1 -
5 - = = 1 -
- 1 - I
: - | = |1 - I
: - | = |§ -
L - | = | = |1 -
> w  ow o= k= k
n - = = 1 -
C - = - 0 . I
l'“'ll.hcv—‘ inhibor_raw | 141006_bace inhibitor FINAL
e

140911 180

03333

03333

03333

03333

i

H
FRADE FPRED S

03333

03333

03333

03333

03333

03333

o333 _

=+ B[

O Rows 57 (0) Columns 36 (0) Selected 0
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File View DataSet Toos Help.
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Updating Auto-Modellec nformation_ Server status: © O Rows 57 (0) Colums 39 (0) Selected 0

Sort all compounds virtually synthesized by Nova, using the score based on the three
parameters selected. Try to explore other ADME properties for these compounds

Fle €t View Dataset Tools Help
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Answers

1.

logP

Which chemistry has the highest average potency?
Answer: 2(arylcycloalkylamine) 1-indanol

What is the identifier of the most potent compound?
Answer: S5-34

Which chemistry includes the majority of compounds with high potency, low MW and
appropriate logP values?

Answer: Aminotetraline

logP vs SHT1a affinity (pKi) (filtered) Chemistry
& 120
5 %
©
E
4 ., . g
. @ ot 72
. ‘e . . 8
N S es 5
3 ' . £ @
. - *® o Y E
* o =
® ®
¢ b 24
2 .
®e
¢ 0
15 6 7 8 9 10 2(arylcyclo... arylpiperazine arylpiperidine aminotetraline N-aryloxye...  aporphine
SHT1a affinity (pki} Chemistry

All three compounds are very potent so on the basis of these three examples which chemistry
type looks promising as a potential lead?

Answer: Confirming our previous analysis, the aminotetraline S1-9 appears to offer a good
starting point for lead optimisation, with high potency, low logP and low molecular weight.

Which stacks appear to contain compounds with the best potency and range of logP values?

Answer: Based on potency and logP alone, both the 2(arylcycloalkylamine), 1-indanol, and
aminotetraline stacks contain a reasonable proportion of potent compounds and a good range
of logP values.

What are the most critical issues that should be addressed to significantly improve the chance
of success of compound $3-237?

Answer: Low solubility and high logP.

Which compound has the highest score?

Answer: S1-26

Which chemistry contains the majority of the top 10 compounds?

Answer: Aminotetraline

Which other chemistries should we consider in the search for a high quality lead series?

Answer: Both the aporphines and arylpiperazines have a number of promising compounds
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10.

11.

12.

13.

14

15.

16.

17.

18.

19

20.

What effect does this have on the predicted hERG pIC507?
Answer: The predicted hERG plIC50 decreases to 5.382
What effect does this have on the overall predicted score?
Answer: Despite improving the hERG plIC50 the overall score has decreased to 0.1524
Why?

Answer: The predicted blood-brain barrier penetration is now lower and this property is more
important in terms of the overall score than the hERG pIC50

What effect does this have on the predicted hERG pIC507?

Answer: The predicted hERG plIC50 decreases to 5.366

. What effect does this have on the overall predicted score?

Answer: The overall score increases slightly to 0.2525
Complete the table and then comment on the differences between the models:

Comments: The set selection process introduces an element of randomness when splitting the
original data into training, validation and test sets. However, looking at the statistics for the three
models, all are likely to be reasonable and produce similar results.

Which is the best model and how does it compare with the others?

Answer: Again, without using pre-split data, the model results can vary. However it is likely that
one or two of the models correctly categorize the majority of the data. It is probable that some
of the models produce identical results and as such would be equally useful.

Comment on how well these models performed and which might be most useful when making
decisions about which compounds to synthesize in the future:

Comments: Both the best continuous and the best classification model produce good results
and give good predictions for the additional data. For use within a project, it would be advisable
to use the continuous model because this model is accurate enough to give a better indicator of
affinity than the classification model. Therefore, if included in a scoring profile alongside ADME
parameters the continuous model will be more helpful in differentiating between compounds
when prioritising and selecting.

Which are the major sites of metabolism on Buspirone predicted for CYP3A4?

Answer: The major sites of metabolism are predicted to be the para position on the pyrimidine
(C26) and the carbon at the alpha position to the piperazine nitrogen on the tetramethylene
linker (C16). Other moderately labile sites are on the spirocyclopentane (C6,C7) and on the
piperazine ring (C18,C22).

. Which are the most promising modifications of the aryl ring to reduce lability in this region of

the molecule?

Answer: The 5-fluoro-pyrimidine and 4-fluoro-phenyl substitutions appear to give the greatest
reduction in lability on the aryl ring.

Which are the most promising modifications of the tetramethylene linker and piperidinedione
moiety to reduce lability in these regions of the molecule?
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21.

22.

23.

24.

Answer: Introduction of steric bulk or polarity near to the alpha carbon appears to reduce the
lability at this position. Replacement of the spirocyclopentane with a gem-dimethyl
substitution is predicted to reduce the lability in that region.

Which other variations on this scaffold might also be worth considering?

Answer: Whilst one might be surprised to find that Bromine is a suggestion, given the fact that
the SAR shows that the smallest group is the most active in the series, this effect has been seen
many times (over 56% of the 48 observations of this series) and may well be due to this group
binding to a flexible hydrophobic area of a protein that can move to accommodate the larger
bromine. The increased lipophilicity of the bromo-derivative may also help drive the increase in
binding by hydrophobic collapse of the ligand with the protein in water.

The chloro, tri-fluoro, methyl and fluoro substitutions are also recommended having being
observed 40 times or more (chloro and fluoro more than 100 times). In over 30 percent of cases
all of these have resulted in an improvement in activity for this series.

Which of the suggestions resulting from the SAR transfer method has the strongest evidence
that it may improve activity?

Answer: In the top suggestion you can e
see that the series of aryl derivatives

from the input data correlates very well

with the activities of derivatives at Rho

Kinase.

Given the improvement in activity seen
in the input data set, in moving from the s e oo ‘@ TP\@‘@ ‘@ I?\@\
more hydrophobic aryls to the anisole, : " .

the suggested phenol follows that trend
for more polarity.

€% 675 651 63 5@ 548
}'. Rho-associated protein kinase 2 0986 82 7% 73 T3 72 6® &R

}'. Rho-associated protein kinase 1 0829 81 75 6T 7 685 634 624

What are the main differences between the compound with the highest score and the initial
lead compound?

Answer: The Glowing Molecule shows that the additional heteroatom present in the thiophene
and pyrrole groups in the top scoring compounds has a positive effect on the Ki, significantly
increasing the overall score.

There is a major drug in the list of newly generated compounds. Can you spot it?

Answer: The molecule generated in row 19 is actually the drug Duloxetine.
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