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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.

From StarDrop’s File menu, choose Open and open the file 5HT1a library.sdf.

1. Import text file: C:/Users/Nick/Optibrium,/StarDrop 6.6/StarDrop Training Files/5HT1a library.sdf x
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When opening text files (*.txt), Microsoft Excel® spreadsheets saved as comma-separated
variable files (*.csv) or SD files, StarDrop will show an Import text file dialogue enabling you

to confirm the columns of data along with additional details (e.g. units).

Microsoft Excel is a registered trademark of Microsoft Corporation in the United States and/or other countries.



This SD file contains 285 compounds across six chemical series; for each compound there is a
structure, ID, measured affinity value (pK;) against 5HT1a and a category indicating the series

to which it belongs.

e C(lick the OK button.
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All the structures and data from the SD file appear in a table and a histogram will be displayed
showing the number of compounds in each of the series.
e C(lick on the Chart button and select Box Plot, so that we can see the distribution of

potency values for each series.
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We can see from this that, while all the series have some potent compounds, the Indanol

series has the highest average affinity.

e Click the Detach button at the bottom of the Visualisation area to add this chart

to a new dashboard.

Right-click on the B5HT1a
affinity (pKi) column to bring
up the menu and choose
Sort then Descending, to
bring the compounds with
the highest target affinities

to the top.

——

Delete
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Insert...

Duplicate
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Edit...
Copy
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We can see that the most potent compound, S5-34, comes from the Indanol series.

Note: selecting columns is an alternative way to create charts and, as a result, we now have a

histogram of the selected 5HT1a affinity (pKi) column in the Visualisation area. Charts in the

dashboard will respond to row selections made but will otherwise remain unchanged.

We'd next like to consider the relationship between potency and simple ‘drug like’ properties

of the compounds in this library.

TPSA, Flexibility and Rotatable Bonds from the list of properties.

Click on the Models tab to change to the Models area and select logP, MW, HBD, HBA,
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e Calculate these properties for all of the compounds in the data set by clicking the

button (this will add a new column to the data set for each property calculated).

e Change back to the Visualisation area, click on the Chart button and select 2D Scatter,

with 5HT1a affinity (pKi) for the x-axis and logP for the y-axis.
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e Click the Detach button to add the chart to the dashboard (Note: you may wish

to make the dashboard wider).
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e Click on the arrow in the bottom-right corner of the new chart in the dashboard to

reveal the controls and click the Format button .
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e Colour the points by TPSA, size them by HBD, set symbols based on Rotatable Bonds

and then close the Format Chart Data dialogue.
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Note: the chart and its legend update as you change the formatting options.

e Click on the Chart Menu button = and choose Filter to display the Chart Filters

dialogue.

e C(lick the Add button to add a filter based on MW, set the upper limit of the range to

be 300 and check the Apply to all option.
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Note: You can invert the range by clicking on it and shift the entire range by dragging it.

From the box plot we can see that only compounds from the Aporphine and Aminotetraline
series have not been filtered. Let’s now take a closer look at the ranges of properties across

the different chemical series in this data set.

e Untick Apply to all, close the Chart Filters dialogue and then minimise the dashboard.

Let’s now take a closer look at the ranges of properties across the different chemical series in

this data set.

e C(lick the Card View button iy on the right-hand toolbar to switch into Card View.

The cards already show the original data that we loaded from the SD file, but we can alter the

design to add some of the properties we have just calculated.

e Click the Design menu at the top of Card View and choose All Properties.

We can easily compare representative, potent compounds from three different series.



e Move the Card View table top down by clicking in the empty space between cards and
dragging down. Move the 2™, 3™ and 4™ cards up into the space above, next to each

other, and zoom in using the mouse-wheel or the Ctrl and = keys.
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Let’s look at the distribution of logP across the cards representing the compounds in the

data set.

Zoom out using the mouse wheel or Ctrl and = keys. Then reset the view to a grid, by

selecting Grid from the Layout menu at the top of Card View.

e Change back to the first page on the cards and | *“* *
Cards Links
click the Format button at the top of Card | [mee g
View. [ ][] [l ]
e Colour By the property logP
[ Logarithmic (] Colour by uncertainty
@ Interpolate () Bins 2. g
e Change the default colour scale to go from yellow
T ] o

(low) to red (high), by clicking on the drop-downs

at each end of the colour range, and click OK.
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The data set is already sorted with the most potent compounds at the top so yellower cards

nearer the top represent compounds with lower logP values and higher 5HT1a pK;values.

So far we have been considering compounds individually, but at this stage of a project it is

common to look for series of compounds with good properties.

® From the Analyse menu choose Clustering.

e Common Substructure is already selected so click the Cluster button.
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e Right-click on a stack and choose Inspect from the menu.
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Note: This enables us to browse the cards in this stack and, if necessary, remove cards by

dragging them out of the window.

We can apply our expertise to refine the clustering results and better represent the series in

the data set by combining the three stacks which contain Aminotetralines (highlighted below).

e Drag each of these stacks on top of one another to combine them.
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The newly combined stack will show the common sub-structure of all the compounds in the

three stacks that we have combined.

We can change the design of both cards and stacks to show representative information from

the data set.

From the Design menu at the top of Card View

select Custom.

Click on the Stack Design
tab, remove the current
properties by dragging
them from the Stack.
Expand the General
section and from it drag
Representative
Structure onto the stack
design.

From the list of
Histograms, drag 5HT1a
affinity (pKi) below the

structure.

Click OK.

From the list of Box
Plots, drag logP below
the histogram.

Click OK.
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W Fleibility
o Hep
MW
W Series
o logP
MCS Cluster
> Compact Histograms v

New Stack
b ek N

Colouring: Histogram Type: |Distrbution within stack -

[ show Border 7] Show Stack Cover

o =

. Card View Design Preferences

Tempiate: | <Custom>

- Delete open || save ~

CardDesign  Stack Desion

MW ~
W Fleibilty
W SHT1a affinity (pKi)
W Series
MCS Cluster
W Rototable Bonds
> Compact Histograms
~ Box Plots
W HeA
W TPsA
W HBD
 logP
oMW
M Fledbility
W 5HTia affinity (pki)
M Rotatable Bonds v

d

M 5HT1a affinity (pK):

—_—

New Stack
——————————————— L |

Colouring: |Average (Mean) | Histogram Type: | Distribution within stack. -

[ showBorder [ Show Stack Cover

oK Cancel
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We do not need to refine all the clusters in this
data set because the Series column already
contains this information and we can use this

to compare the properties of each series.

e From the Organise menu choose

Stack and then By Property.

11. Stack by Properties X

Stack by: IiSenes hd |

Bins: 2 ] Edit

[ stack by two columns

:||Drgarise v|| Layout '| | Design '|
sk

I T'_{ By Property...

Ii‘:’:

T

Timeline...
Similarity
Load
Save

Stack All
Recursive Partitioning...

By Break All

Save Stack Details to Dataset

In the Stack by Properties dialogue

choose Series and click OK.

Series =

Series = Indanol Series = Alkylamine Arylpiperidine

Series =
Aminotetraline

Series =

Series = Aporphine Arylpiperazine

e Compare the stacks with the dashboard, drawing a lasso around the points in the

bottom-right corner of the chart where there are potent compounds with low logP

values.
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. StarDrop - NewProject

File Edit View DataSet Tools CustomScripts Help

— ‘%‘ [E[9][£1[c2)[ ) [ ansve = organee =] oot | [ vesen ~ 5]

Ready

Visuglisaion  Models  Scoring  Design  SesSAR | P450  torchaD
logP vs SHT1a affinity (pKi)
6
.
.
.
. Lemede e e
e
5 ‘e Serias = Indarol Serias= Allylamine e e e Series = Pporphine S e
.
.
.
‘ I TR . ¥. Dashboard - NewDashboard - X |a
. « ° . Options
. . O .
- ,'.. ) ; . . ‘SHT 1a affinity (oK) vs Series & X | logP vs 5HT 1a affinity (i)
. B . &
. . o St e [ 5HT1a affinity (pKi) vs Series logP vs SHT1a affinity (pki)
. ® . t'.. . ot Sfoo
B . -
& . o e ' 10 6 =
o P e "Poe “ ey R . =
w . . Q' o* . .
2 . ot et o8 . . . 54 B
% e, v e 7 : N . * . |
L3 s .
4 . e ., M =
3 e ess "™ . e s, . =
. . : = 4 . .
? - . . . = - o
% . . e e % s . — N N e . . Ry
| IR A . e, e 2 s o L R L
: el T v Ceeas = 23 [} - . .o -
s . e e, £ LY
. .. . £ [ .
2 ° . ‘o 5 5 . *e e
R . ]
» 5 79 ¢ . .. .
. . = N
.
N . = N 1 T T T T l
. 6] . 5 6 7 8 9 10
. . ; S5HT1a affinity (pKi) [~
1 T T T T N .
5 6 7 8 9 1 5 ‘ : : i i , Filtered
S5HT1a affinity (ki) [~] ‘Aporphi... Alkylam... Aminot... Arylpip... Arylpip... Indanol Tpsa D
Series [] Hep - — M
® 5HT13 library Rotatable Bonds ®0-5 ¥5-10
® 5HT1a library .
Oars W= = || o wEa =

Rows 285 (0) Columns 12 (0) Selected 15 Server status:

From the stacks we can see that it is only the Arylpiperidine and Alkylamine series which have

no potent compounds with low logP values.

From the File menu, select Save Project and choose a name for the project file

Note: If you now close this project and reopen it again all the analyses and visualisations will

be restored.
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Hit-to-Lead: Targeting High Quality Lead Series

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.
e C(Clear the selection (click somewhere in a chart where there are no points).

e Minimise the dashboard and switch to Table View by clicking the Table View button

= on the right-hand toolbar.

e Right-click on the header of the 5HT1a affinity (pKi) column and from the menu

choose Edit.

. StarDrop - NewProject
File Edit View DataSet Tools CustomScripts Help

8
‘ [@ mstructure miD

HiogP MW
Visuglisation | Models  Scorig  Desgn  SeeSAR  P4S0  tochiD | Mova 4iM| Delete .
? Insert...
Y
150 ot
{ O Sort by Confidence
18 812 325
Edit..
o Copy. =
£ C@ s8-15 Aporphi, 39 @ | @
[») @
100 21 {:‘( 5328 Alkylamine 4% 33 =
y
= &
o feo
= 2 r S5 Alkylamine 395 35
£ oad =
S
3 on =
& S By
23 r 53-19 Alkylamine 409 £y
c &
(o8] &
9] Ri
50 w N
2 i 5315 Alkylamine 42 E
(e}
A
25 Frs s3-11 Alkylamine 348 35
Lo}
A2
2% P 53-20 Alkylamine 3.87 35
0 o
5 6 7 8 9 10 8
. . e
5HT1a affinity (pki) [~ 7 A s18 Alkylamine 416 35
M 5HT1a library
ES o 5331 Alkylamine 335 2
v
" ¢ o= o =
crert: 1y | i = = = || g SHT1a fbrary

Ready Rows 285 (0) Columns 12 (0) Selected 0 Server status:

The data we imported contained no information about the errors associated with the
measured potency values and so we will estimate that the standard deviation is 0.3 log units

(equivalent to approximately a 2-fold error in the K; values).

e |n the Edit column dialogue, change the Measurement and Units to Concentration

(Molar) and pKi/plIC50 respectively.
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Set the default standard deviation to be 0.3.

. Edit Column

Column: |5HTla affinity (pki)l

Display

cor: [

Edit Function...

Units: | pKifpIC50

Details

Measurement:
Units:
ndard deviation:

() Keep original value

-

Concentration (Molar’

() Use column: | <Hone= -
HotasGelimimuiummmiii sl

(®) Use default value for all data

Default for missing data:

Value: |0.3 |

Type: | Mormal - |

Numerical Display:

Format: Default v

Significant figures: [i] E

o]

e Finally, change the Colour to dark blue and click OK.
e In the Models area select all the StarDrop QSAR Models and click the button to
run them.
e Change to the Scoring area and select the Oral CNS Scoring Profile from the list.
4. StarDrop - NewProject — o X
File Edit View DataSet Tools CustomScripts Help
B G WStructure mD 5HT1aaffinity (pKi) 1 Series HiogP MW ]
Visuaisation  Models | Scoing \.Design  SeeSAR | P45 torchd® | Nova (4P}
Profie: |Oral CNS Scoring Profile | B 54 Indanol 33 19
Property <ed Value Importance
W logs = 9 —
M HIA category —1 2 s1-9 Aminotetraline 281 2
o logP -
1 BBB log([brain}:[blood]) — [ve}
M BBB category - 3 ‘(: 55-37 Indanol 405 36
W P-gp category na &
M hERG pIC30 g 35 o o
W 209 pKi £ 6 ) 6-6 Arylpiperazine 292 40
2D6 affinity category Tow medium 4
1 PPB20 category low
5 §1-32 Aminotetraline 2.66 25
s a
Available Properties  Criteria Importance "~ 6 5516 Indanl 33 e
206 affinity
M BEB category "y
W 209 pki 7 58 Indanol 239 ES
W Flexibility 8
W HeA -
> M HBD /g
W hERG plC50 8 ‘:‘{ S5-31 Indanol 296 39
M HIA category C ’Z?
. Q
o .
[Enter search text p
9 J 53-24 Alkylamine a2 3
Scoring Profiles Location o
L Ly File
| Oral CNS Scoring Profile Tile " 6.38 Arylpiperazine 280 an
Lipinski Rule of Five rile
INliarCiious teo Cras oeuring Profile File
Intravenous CNS Scoring Profile  File ] _
PO Explrer n Q 5527 Indanol 385 e
Analyse.. Sensitivity.
kS SHT 1a lbrary
Rows 285 (0) Columns 12 (0) Selected 0 Server status:
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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.

. StarDrop - NewProject
File Edit View DataSet Tools

Custom Scripts  Help

a &
M Structure mD i W Series MlogP MW
Visuaisation  Models | Scoing | Design  SeeSAR | P45 torcha®  Nova (4P} &
Profie: [Oral CNS Scoring Profile | B Q 54 Indanol 33
Property Desired Value Importance ¥
<0 ——— -
W logs L] — 2 S1-9 Aminotetraline 281
W HIA category + — )
H ogp 0-> 35[0 ——— [ee]
; o}
1 BBB log([brain:[blood]) -02-> 11 — 3 b 5537 Indanol 405
M BBB category + — &
B P-gp category no —) o 9
W hERG pIC50 < 5 [ ] 4 %_,—b@ $6-6 Arylpiperazine 282
W 209 pKi 6 [ i— o 5
206 affinity category | medium e -
o
" PPBID category [ = 5 s1-32 Aminotetraline 266 5 | P
addrde || pelee || s || Eat | ) =
[ve) Y
o]
Available Properties teria Importance ~ 6 £ 5516 Indanl 33 e =
M PPB category (version 5.0) 1% i
> W HLM Clint (ul/min/mg) [»e] mD
v EPRA 7 e 558 Indanol 239 38
> M cLoGd B2
&
> M CLOGP -
> M SHT1a affinity (pKi)
B Series ] 5531 Indanol 29 39
MCS Cluster
v
[Enter search text
9 J S3-24 Alkylamine 424 u
Scoring Prafiles Location &
Gral Non CNS Scoring Profile File
Oral CNS Scoring Profile File 10 .35 Arylpiperszine 20 )
Lipinski Rule of Five File
Intravenous Non CNS Scoring Profile File
Intravenous CNS Scoring Profile  File [>e] _
(o] 1
PO Explrer n T s5-27 Indanel 385 e
Buldprofle...| | Analyse... | | Sensiviy.
X SHT 1a lbrary
Reacly Rows 285 (0) Columns 12 (0) Selected 0 Server status:

A simple cut-off criterion can be easily set by editing the Desired Value and Importance in the

profile itself, but in this case, we will set a more sophisticated trend scoring function.

e Select 5HT1a affinity (pKi) in the profile editor and click the Edit button.

e In the Score Editor, click the Insert button to insert a range from 7 to 8, with a score

of 0.05 for pK; = 7 and a score of 1 for pK; = 8, as shown below.

e Edit the score for pK; below 7 to be 0.05 and for pK; above 8 to be 1, by double-clicking

on them, as shown below.

. Set Range X
Minimum Value: |7 | Score: |U.UE |
Mandimum Value: |B | Score: |1 E“

o ]

Cancel

i:. Score Editor: SHT1a affinity (pKi)
I tance: —|
Insert Delete dte s
10
Range : = ln
-inf-» 7 0.03
7-»8 0.05-> 1.00
8-> inf 1.00 0.5
0.0
4.801
Property: | M SHT 12 affinity (oK) - ok || cancel

e Click OK when you have finished.
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L Give the resulting prOﬁle A’ profie: |Potent + Oral CNS Scoring Profile | :

Property Desired Value Importance
name by edltlng It at the top W 5HT1a affinity (pKi) 8-> |r1f —j:l
W logs ER e 2
B HIA category + — )
H logp 0-»35(11] ——
[ BBE leg([brain]:[blood]) 02-=1 —j:I 2
M BBE category + [ m—
W P-gp category
B hERG pIC50
W 2C9 pEi

206 affinity category low medium [ —
I PPBI0 category low [ —— 5

It will appear in the list of scoring — -
profiles at the bottom, so that you SavetoProject |

Available Properties Criteria  Importance Save to File.

W 2C9 pKi (version 5.1) e

e Save it into the project by

clicking on the Save button

|

below and choosing Save to - ) @(

AT A

5
Project. i

can retrieve it easily.

e Run this scoring profile by clicking the button at the bottom of the Scoring area.

. StarDrop - NewProject - o X
File Edit View DataSet Tools Custom Seripts Help
& Y
©. Potent + Oral CNS Scori. MiStructure mD WSHTHa affinity (pKi) W Series HiogP ~
Visualisation Models Scoring Design SeeSAR P4s0 torch3D Nova 4@ o0
Profie: |Potent + Oral CNS Scoring Profile | f HJ 012 g 534 \ndanl 2
Property Desired Value Importance ¥
W 5HT1a affinity (pKi) 2> inf[1] — °
H logS =1 E—— 2 0.305. 51-9 Aminctetraline 28
W HIA category - E—
o logp 0->35[) — ©
1 BBB log({brain]: blood]) 0251 — 3 00745 X 5537 Indanol 40
M BBE category + — o]
W P-gp category no —— o o
B hERG pIC50 £ 5 [ ] a .I 0235 Q(O—F";:)OSM Arylpiperazine 29
W 2Co ki < 6 -_— F. =
206 affinity category Tow medium =
(x)
W PPBI0 category low [ | 5 ll 0362 HE Aminotetraline 26 %
Available Properties Criteria Importance “ 6 "J 0138 5316 Indanol £ —
B PPB category (version 5.0} o
> 1 HLM Clint (ul/min/mg) w
> W PKA 7 0144 55-8 Indanol 23
> W CLOGD
> W cLoGp
> B SHT1a cffinity (pki)
B Series ] 0116 5531 Indanol 29
MCS Cluster
v
Enter search text .
9 0.0491 p $3-24 Alkylamine 42
Scoring Prefiles Location ~ o]
Potent + Oral CNS Scoring Profile  Project
Oral Non CNS Scoring Profile File 0 0153 6.3 Arylpiperazine B
Oral CNS Scoring Profile File
Lipinski Rule of Five File ¢
Intravenous Non CNS Scoring Profile File v [v @]
WO Bxplorer: m I 0.0881 ¢ 5527 Indanol 38w
>
/
SHTta lbrary
Ready Rows 285 (0) Columns 22 (0) Selected 0 Server status:

We can see that in the first few rows where we have the most potent compounds there are
some good scores (> 0.3). Looking at row 5 we can see that it is only the predicted hERG plCso
(represented by the pink bar in the score histogram) P

5 0.362
that appears to be a problem for this compound.

e Change to the Visualisation area and from the Chart button select Snake to create a

Snake Plot showing all the compounds, ordered by score along the x-axis.
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. StarDrop - NewProject

File Edit View DataSet Tools CustomScripts Help

Visuisaion  Models  Scoing  Design  SeeSAR | P40 torchaD
Potent + Oral CNS Scoring Profile
17
0.8+

o
@
n

o
=

Potent + Oral NS Scoring Profile [ ]

v % G

2D Scatter 3D Scatter  Chemical  Pie Chart
ace

th 1h ipi 7

Histogram  Criteria  BoxPlot  ROC Curve

Histogram

B v R

Redar  Multiline  Line Snake | y

chart: Ty, = 7 =

Ready

SHT1aliorary
Rows 285 (0) Columns 22 (0) Selected 0 Server status:

- O
5| g ~ . .
5] Potent + Oral CNS Scori. MiStructure D WSHT1aaffinity (k) WSeries HiogP
Nova
o0
1 012 2 5534 Indanol 3:
bod
2
2 ‘I 0305 }j]?;;] s1-9 - Aminctetraline 28
[ve]
3 “I 0,075 Q 537 Indanol 40
&
o o
2 0235 %_/—msm Arylpiperazine 29
5 .J 0362 )%J s1-32 - Aminotetraline 26
?:
6 0136 s 55-16 Indanol 3:
<
el
7 0144 é‘ 58 Indanol 23
)4
el
9 “-l 0.0491 S 5124 Alkylzmine 42
e 4]
300
10 0153 s6-38 Arylpiperazine 28
[ve]
11 ml 0.0981 Q s5-27 Indanol 3%
v e >
: =

The y-axis shows the score for

each compound and the error bars indicate the level of

confidence we can have in the scores, given the uncertainty in the underlying data. 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.

e Change back to Card View by clicking the Card View button a again.

e Select the top 100 compounds by lassoing them in the snake plot.
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. StarDrop - NewProject

File Edit View DatSet Tools CustomScripts Help

[@][2][2][7[P] [aayse ] [owanse ~|[ tayout ~| [peson v [§]

a
Viuglisaion | Models  Scoing | Design  SeeSAR | P40 torchad  hova | 4IM)

Potent + Oral CNS Scoring Profile

21+ Oral ENS Scoring Profile [4]
Y

vinp o

Compounds ordered by score

®5HT1a library

Chart:

Ready

RN
iii
I

SHT1a brary

Rows 285 (0) Columns 15 (0) Selected 99 Server status:

These compounds’ scores all overlap with the top scoring compound’s error bars showing that

there are compounds from four series which have a good overall balance of properties.
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Lead Optimisation: Guiding the Design of Balanced

Compounds

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 $10). Due to their similarity with the
drug Buspirone, which was known to have issues due to rapid metabolism by Cytochrome

P450 CYP3A4, the compounds were initially tested for stability against this P450 isoform.

In the following example, we will explore approaches to investigate the structure-activity
relationships (SAR) for these properties along with additional predicted properties.
Furthermore, we will see 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.

e Open the file Arylpiperazine series $10.add containing 20 compounds from series
S10, for which both potency (pK;) against the 5HT1a target and half-life for metabolism

by CYP3A4 have been experimentally measured.
e Switch into Card View by clicking the Card View button e .

e Select compound $10-14 (using the Find tool & on the toolbar if needed).

e We are going to investigate the SAR around this compound, so from the Card View

Analyse menu select Activity Neighbourhood.

22|72 Organise ¥ || Layout

N Clustering
Activity Landscape
a Activity Meighbourhood
n_/_/_“::)O Find Matched Pairs
:9_@ ¢ L=
MName: Buspirone M Mame: 510-11
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We will use the default values for all the settings, | AciiyNeighboutood %

Use this tool to investigate property differences between the most similar compoundsin
your data set (nearest neighbour compounds). For example, to identify actvity ciffs.

Nearest neighbours: 1 o]
reference compound. This will help us to find any | ™™ i

linking the 10 most similar compounds to the selected

‘activity cliffs’, where a small variation in the |Zowe koo i

Link nearest neighbours in Card View
Card View Options

compound structure has a large impact on the potency. | csouiksbyafwencer: [siaafint 0 -

e Click OK to run the analysis. e

Colour links by:
(@) Property difference () Structure-Activity Landscape Index (SALT)

The compounds are laid out in a spiral with the | B

T/ s

reference at the centre and the most similar

compounds close to it. The arrows show the direction

in which potency increases with red links indicating the Lo 10 e

largest differences.

. StarDrop - NewProject

File Edit View DateSet Iools CustomScripts Help

L
ekin | b | seaeg | Detn | 5 | P50 | o | e ) N2 (2] (1] Do ] (e ] [t 7] Lot <[] €=

Potent + Oral CNS Scoring Profile
1
. Activity Neighbourhood — o x
Nearest neighbours: [ show heat map
E compound compound?  WIASHTIa MACYP3. MSimilari A
| Ba's! Do
D T 0222 34 056
-l leSesakainiavorals
&
o
£
g Poe's! N ;
o0 o 0 083 48 092
z
g
g N .
& ay e ;
oo PPa a0 s 29 086
g
&
&
0 A0 am nm v
plot: | [l 45Tt affinity (o) 5
A5HT1a affinity (pKi)
;3
i
3
g
52
8
S
g1
£
5
E
[
2 -15 -1 05 0 0.5 1
ASHT1a affinity (pki)
chart: [T~ s = X

SHT 1a library H. Arylpiperazine series 510

Ready Rows 20 (0} Columns 4 (0) Selected 1 Server status:

e C(Close the Activity Neighbourhood

. Colour By X
dialogue and click the Format button | s e

Colour by:

at the top of Card View. [morpsaaTi2 iy -
M Ve

e Colour By the property CYP3A4 T1/2
(min) setting the from red (low) to
yellow (high) setting the upper threshold [ togaritmic [] Colour by uncertainty

@ Interpolate () Bins |2 =

to 40 minutes (any values greater than

this will also be yellow) and click OK.
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Of the most similar compounds, the second

one (S10-22) is coloured more orange than A |

the reference, indicating greater stability. wum oo
.‘IWTV:Q.E.

However, it has a red arrow pointing
towards the reference indicating that it is
significantly less potent. The only difference
in structure is the presence of the methoxy

group at the para- position on the benzyl.

The next compound (S10-20) has a red
arrow pointing the other way, indicating
that it is more potent than the reference. It
also has a methoxy on the benzyl but this
time at the ortho- position. The change of
position of the methoxy looks interesting in terms of potency, but we can see that this

compound lacks stbility, like the reference.

Further round is a bright yellow card, compound S10-27, indicating good stability. It has a red
arrow pointing towards it indicating that it is also significantly more potent than the reference.
It contains the ortho- methoxy substitution which perhaps explains its increased potency and
in combination with the gem-dimethyl replacement for the spiro- group at the other end of

the structure appears to satisfy both properties simultaneously.

An alternative way we could investigate the same problem is by carrying out an R-group

decomposition.

e Change back to the Table View by | e Deempostion x
Select Scaffold

c|icking the Table View button 22 on the | tasoeporton of the mokeai to sclect a scaffold.

right-hand toolbar.

(o]
e Select Buspirone and click the Run R-

N
group Decomposition button "o on the / NN 4/—7
<: \>—N N (o]
p—

toolbar. =N

First, we will define the regions representing the

common scaffold within the chemical series. ek Bl =

e Select the piperidinedione and piperazine rings by drawing around the, holding down

the Ctrl key to select a second region.
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e Click Next to confirm the R-Groups that

will be analysed.

In this example, the scaffold represents two
separate regions, so the connecting group will be

considered to be a variable linker.

Note: You can indicate additional R-Groups by

selecting the EI button and then clicking at the

point on the scaffold where they should be

. R-Group Decomposition
Specify R-Groups

E‘ lz‘ E [ Use Strict Matching

included.

fragments, click the E button and then select atoms on the scaffold which may vary across

(0]
R1
N
/N /m/ R2
L1
R3—N N (o]
< Back H Next > || Einish H Cancel

To specify variable atoms or

the series. If you have multiple scaffolds decorated with the same R-groups, you can

decompose them at the same time by selecting one example of each scaffold at the start.

e Click the Finish button.

File  Edit

o
®

o
@

Potent + Oral CNS Scoring Profile [«

Ready

Visualisation

17
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. StarDrop - NewProject

View DataSet Tools CustomScripts Help
8

A mstructure W Analysis] L1

Modek  Scoring | Deson  SeeSAR | P45 torch®d  Nova /P

Potent + Oral CNS Scoring Profile 1

e
oo P~
5@055)?0 X *
‘°»Q—C~’“’5§}O _/_F »

no o

Compounds ordered by score

® 5HT1a library

M Analysis1 R1

* ¥*

*

VAV

2O000LO

W AnalysisT R2 W AnalysisT R3

\

510-11

*

$10-12

§10-13.

YOOOODONN
e

ST1a lbrary

Aryiiperazine series §10
Rows 20 (0) Columns 8 (0) Selected 1 Server status:

@ #

2
(2)

New columns are added to the data set indicating the R-Groups and linkers present.

key while selecting) to display an SAR table in the Visualisation area.

Select columns Analysisl L1 and Analysisl R3 at the same time (hold down the Ctrl
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. StarDrop - NewProject
Fle Edit View DataSet Tools CustomScripts Help
g
| @ s
Visuglisaion | Models  Scoing | Desgn | SeeSAR | P40 torchad  Nova 4| M)
Analysis1 L1
o e A
h L 1 Tl T I}
20| @
e . .
2
o] @
Chart: 38 -] = # = |T¥
Ready

Arylpiperazine series S10
Rows 20 (0) Columns 8 (0) Selected 1 Server status:

Note: You can also create an SAR table by selecting Category Matrix from the Chart menu.

e Format the SAR table, colouring by the potency, 5HT1a affinity (pKi), and sizing by the

stability, CYP3A4 T1/2 (min).

In the SAR table, the most interesting
cell is the medium sized yellow circle
for the ortho- methoxy combination

with the tetramethylene linker.

e Click on this cell to select the

associated rows in the data set.

This highlights the two compounds in

the data set containing this
combination of R-groups, one of which
is the very promising compound S10-

27, highlighted earlier.

One of the potential issues identified

for this chemical series is inhibition of

Analysis1 R3

Analysisl L1

L s AT S

o Y

2

¢ ¢

¢

> 9

o8

5HT1a affinity (pKi)
CYP3A4T1/2 (min) * —> W

the hERG ion channel, indicating a risk of QT prolongation and cardiotoxicity. Therefore, we

will use the interactive designer to explore potential strategies to reduce the predicted hERG

plCso, guided by the Glowing Molecule.
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To enable us to consider the effect of any changes we make to the potency, we will use a QSAR

model developed for this series to predict this property.

. 3-;. . StarDrop - MewProject
e Change to the Models area and click the
File Edit Miew DataSet Tools Custom Scripts
button to load the model file named

Visualisation Models Scoring Design SeeSAR

5HT1a_pKi_Arylpiperazine_local_model.aim. QSAR Models:

v [] Custom
This will appear in the list of models under the branch v L StarDrop Training Files
> [ M| 5HT1a_Arylpiperazine_local_model
. . . v [ StarDrop
alled StarDrop Training Files. T 1B lngs

To enable us to consider the overall scores for our compounds, taking into consideration the
different property criteria and their relative importance, we will also load a new scoring profile

that uses this model.

e Changetothe Scoring area, click the ™ /button and load the scoring profile file named

Potent + Oral CNS Scoring Profile all predicted.apd.

This is similar to the profile we created earlier, using predicted values of the 5HT1a pK;in place

of experimental pK;.

e Score the compounds using the new profile by clicking the = button.

Note: the models used in the scoring profile will run automatically.

To help us to get an overview of each compound’s properties change to the Molecule

View by clicking the Molecule View button [ on the toolbar.
e As before, select compound S10-14, which is the highest-scoring compound.

e C(lick on the hERG pIC50 model result to display the Glowing Molecule for this

property, as shown below.
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tendency to

predicted property.

. StarDrop - NewProject

File Edit View DataSet Tools CustomScripts Help

&
Vsusiisation  Models | Scoing | Desgn | SeeSAR | P40 torchad  hova 4P}
Profile: |Potent + Oral CNS Scoring Profile all predicted ]
Property Desired Value Importance
W 5HTIa Anylpiperszine Jocal_.. > 7 —
B iogs > —
W HIA category + —)
 logP 0235 ——
1 BBE log(brain:[bleod]) 021 —
M BEB category + —)
B P-gp category no )
B hERG pICS0 < s ———|
W 203 pKi <6 ——
11 206 affinity category low medium e
 PPEO0 category low e
addrde | | ool [ sot || e |
1
Available Properties  Criteria Impartance A =
 PPE categor...
categor. + Oral CNS Scoring Profile all pre | | B Analysist L1 [ ] AnalysisT R1 [ ] Analysis1 R2
> M HLMClint (..
> M pkA *
> W cLoGD 0245 * +
> W CLoGP .
B 5HT1a ffinit.. .
—— n Analysis1 R3 [ ] Name [ ] SHT1a affinity (pki) [ ] CYP3A4 T1/2 (min)
S10-14 782 s
Scoring Profiles Location " = e = o = P
Potent + Oral CNS Scoring Profile .. File 9 °d e |
Potent + Oral CNS Scoring Profile  Project 281 267 451
Oral Non CNS Scoring Profile File
Oral CNS Scoring Profile File u hERG pIC50 W BBBlog([brein}{blood]) u BB category u HIA category
Lipinski Rule of Five File s oz . .
Intravenous Nen CNS Scoring Profile File
Intravenous CNS Scoring Profile File [ ] P-gp category [ ] 26 affinity category [ ] PPB20 category W;HT1a_Arylpiperazine_local_mode
WO Explrer no high high 7.5 .
Bt i ] &
e SHT13 lbrary. e Arypiperazne series 10
Ready Rows 20 (0) Columns 20 (0) Selected 1 Server status:

Change to the Design area to explore strategies to reduce the potential for hERG inhibition.

e The selected structure will be displayed in the structure editor. When the hERG pIC50

prediction is selected, the Glowing Molecule will also be displayed.

have a
increase
the

regions

value of

e Edit the structure, as shown below.

Blue

the value of
predicted property.

regions have a
tendency to decrease

the
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The predicted hERG pIC50 decreases to 5.38, but despite improving the hERG pIC50 the overall
score has decreased to 0.152 because 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.

e Try drawing 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 select tool and type Ctrl-X.

The predicted hERG pIC50 decreases to 5.37 and now the overall score increases slightly to

0.252, suggesting that this may be an interesting idea to explore further.

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 plIC50

without having a detrimental effect on the overall balance of properties.
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