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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.

Importing Your Data and Predicting Compound Properties

Objectives

= Familiarity with the StarDrop interface

= |mporting compound data

=  Running models

=  Exploring your data set

=  Simple data visualisation

Exercise

= Open the file 5HT1A library pKi.txt. Confirm the text delimiter that has been used to create
this file and click Next.

% Import text file: wahnummiwgﬁ

Structure  MName M5HTLa affinit; M Chemistry o e
1 535 67 0 i ) ocoma
: : aporphine o
2 84 730 0 aporphine Tab
[ semicalon
3 G s 802 0 aporphine Colon
4 G s 820 0 aporphine e
5 HA s 652 0 aporphine
6 o sa 724 0 aporphine
7 & s 822 0 aporphine
N &
R 835 0 aporphine
9 : 53-8 75 0 aporphine
10 s 784 0 aporphine 5
Show this dizlogue next fime (] Save settings Back =

= Set the units of the experimental pKi data to pKi/pIC50 and the uncertainty to 0.3 log units
(equivalent to a factor of two in the pKk;).

£ . Import text file: wahﬁummiﬁwgﬁ

10

Structure

M5HT1a affinit, B Chemistry

%

&

s8-8

. | Details

I
Units: |pkijpIC50 -
| s

n: ‘<Nnne> -

Mote: Selected column wil DEgy=d

© Use default vaiue for al data
Defauit for missing data:

Value: 0.3

Type: Normal -

Show this dialogue next tme V] Save settings




3.

Set the type of the Chemistry column to Category, as shown below:

[

Structure  MName MISHTI offinit, MChemistry
1 [Molecle  ~[Tet [Momber < fe ]
2 B s 67 0.
3 &P s 73 0.
4 s8-16 802 03 M
5 s8-17 82 03
3 sa-1 653 03
7 s8-21 724 03
8 e ﬁ\ s8-2 822 03
9 n“‘z\ 83 835 03
10 Gt 88 75 03

Shaw this dialogue next tme V] Save settings

Detais

add_ | [2farylcycloalkylamine) 1-indanol

arylpiperazine
Delete

arylpiperidine
aminotetraline

<[]

N-aryloxyethylindolealkylamines
aporphine

Keep original probabilties

kylamir_pipera: =
2eryleycloalkylamine) 1-indanol 1 0
arylpiperazine 0 1 A
L — »

Use these probabilties for unknown data:

kylamit Ipiperas Ipiperic noteira ylindol
Unknowns 01667 01667 01667 01667 01667

[ ——— f

4 Import text file: wahﬁumnmiw@ﬁ

Run all of the StarDrop ADME QSAR models and calculated properties from the Models tab in

StarDrop by ticking them all and clicking the . button .

Answer the following questions using the data set management and visualisation tools in

StarDrop:

Which chemistry has the highest average potency?

Answer:

Hint: Change to the Visualisation tab in StarDrop and create a box plot by clicking the @
button, with the Chemistry column on the x-axis and 5HT1a affinity (pK;) on the y-axis, as

shown below:

File Edt View DuaSe Jook Hep

Strucure  Hamn WSHTia sty oK) WChemisry Wiegs Al
vodes | scamg | Ceagn | Veussston | a0 | o | o | Ao vecele | v = jD
D ER b 0w | Ha
SHTA affaity (5K vs Chemistry T &
P
E
@ s 7 oporphine 20 .
. . . . o}
. i . - - . | .
£
. a7 [ sparghine 3m 3
o o
z S
% : s 1 5 aporphine 3464
E < s 2
. ¥
s sa s sparphine 233
. h)
o . 7 w1 an aporphine )
N N B L] B35 aprphine. 298
e — oo erere TP PR eitne
Grensry
0 " 75 aporshine 247
Owast Cotour sue [
@ iy - s o LJVCJ . 250 sperphine i
A
vor | e [
= & & e & 2 ™ ) = 1 s 74 apocptine 25
« (== = a
» (M T B 2 LYy ee 7 aporpine 3347
e [ome THEED =
PN —
Rasdy Server st Kows 285 0) Columns 22 0) Seeaed )
SRR e

Which chemistry has the highest average predicted solubility?

Answer:

Hint: Plot a box plot with the Chemistry column on the x-axis and logS on the y-axis.

What is the identifier of the most potent compound?



Answer:

Hint: Sort the data set by pK; in descending order by right-clicking on the 5HT1a affinity (pKi)
column, as shown below:

W 5HT1a affinity (pki) M Chemistry Mlogs

Delete

Insert... phine

Duplicate

Sort L Ascending
Sort by Confidence  » Descending

Edit...

4. How do this compound’s properties compare with those of compound S1-267?

Answer:

Hint: Freeze the row corresponding to the most potent compound by selecting the row and

clicking on the Freeze row button on the toolbar ( ). Then search for compound ID “S1-

26” using the Find tool (the “ button on the toolbar). When you’re finished you can
unfreeze the row by clicking the Freeze row button again.

Next we are going to use the visualisation tools to find a chemistry that meets a number of property
criteria. To do this, use the following steps:

= Change to the Visualisation tab and plot a 2D scatter plot of 5HT1a affinity (pKi) against logs,

by clicking the E 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)

Eie fde Mew DwaSer ook Help

s | sy | o | vbosion | paso | e | e | Aol |
85 &7 aporphine 34n

o9 vs SHT13 atfty (pi)

B hsme WS oty oK) WChamiary st - [@)
5]
&
.
i

¥ 73 aporphine. 2597
16 B0z aporphine 3454 'S
s (>3 sparphine sam

1 653 aporphine £

sa 7 aparphine 213

81 a2 aporphine 313

EE] [E3 aporphine 2081

] L s 75 sporshine 247
Dt Colour Sax [

~
9] 5+TLa lirary pki. - . Y o ‘Jmi,Jj [ 78 eporphine 3135
L)

por | ustomse | Fitrs |
- o lE)s & ¢ 4 W No= b sa " A -
[ T afivy ) I ClL
* [mes ] 1)
2 [ =]
)

2 X s 7 oporphine 337

ek [<one = =) ) [ E

4T3a ey o0
Resdy Server status: Rows 285 (0) Columns 22 0) Seected 0
e

k]
=  (Click the detach button =5
containing the plot.

on the Visualisation tab to create a separate window



5.

In the new plot window, colour the points by BBB log([brain]:[blood]) and size the points by

logP.

Hint: Click on the colour block in the key to bring
up the Format by Property dialogue box and

choose BBB log([brain]:[blood]) from t

menu, as shown right. Click on the size symbol in

the key to size by logP in a similar way.

-
1. Format by Property

[EEREC)

he Source: ”

Colour —

Source:

[ m 888 log(brain: biood)

v] [ Loga: hmic

Name Colour
1 High

2 Low

@ Interpolate from  -1.1181

© Bins 2 [ Threshold:

to 1317

0.093445

-

Reset

Finally, change to the Filters tab in the plot window to filter the points in the scatter plot and
remove compounds with predicted hERG pIC50 of greater than 5, as shown below:

-
% 5HT1a library pKi

z@g

S5HT1a affinity (pKi) vs log5 (filtered)

4-580-O:‘5

5_
L]
b .
4
»
-
34
]
2 L .
.
29 ]
1
0 T T T T 1
& 7 3 9 10
S5HT1a affinity (pkKi)
>3
Data Set Colour Size Ei's
HT1a library pKi { B BBE log( logP I
Customise_|_Filters (1) |
B hERG pICS0 (pKi/pIC50) (x] [ ad ~

" Clear

Which chemistry includes compounds with 5HT1a pK; >7, logS > 1, log BBB penetration >-0.2,

logP < 3.5 and hERG pIC50< 57

Answer:




Hint: You can find a compound in the data set by clicking on the point in the scatter plot.
Alternatively, select multiple points by drawing around the points while holding down the

left mouse button. To create a new set containing the selected compounds, click the ﬁ
button on the toolbar.



Probabilistic Scoring: Prioritising Compounds with a Balance of
Properties

Objectives
= Editing scoring profiles

= Running scoring profiles
= Interpreting scores

Exercise

=  Change to the Scoring tab in StarDrop and select the Oral CNS Scoring Profile, listed under
Saved profiles, as shown below:

Eile Ede View DataSet Took Help
i | Sorng | Gesgn | vesbesnon | #450. | i | nova | Auovacele |

Profle: Ora o Seamg rofie 1 5 ] sperphine 2m 152 2w 1a59 4

Prefile Desired Vahue Impanance
s >

= Sructure Hhame WSHTLaafinay (¢ MChemisry iogs 1ogS @ pH1A Wiegp Wiog mow - ()
5]
K3
E

En It sporphme 20m 1am s 2673 .

gt »35() ——

= 888 lgilbuin{biood]) 2210

58 category .

W P-gp category o —— | |2 @6 802 sporphine 254 160 25 2156 IS

 reRspcs < s ——

< 1

205 affinity category Tow medium [1] -———— i
o

B PPESD categary

E 5= aperphine 2m 12 32 m '

@4 653 aperphine 346 1804 2386 152 ]

e e () ) i -

Praperty Citela Importance 20

wa 2 sperphine 2 14 2781 50

82 [H] aperphine e 149% 2619 296 4

- ogh
= 868 logllbraintbl.
o =3 a3 sperphine 2081 123 ap s 5
T

W 5-gp category
P
oy

] 15 aporphine. 247 0% 4801 129 5
568 caregory
B PP category 0
1og5 @ pHTA || | i =n 80 sporphine 15 1w 260 20 q
‘Saved orofies: ::I' f:

[rr——r——ry

aavenous Mon CNS Scoang i)

n (X1 e u sporphne 3 o3 anis 20 s
LipinsiRule o e ’
| Oral CHS Sconng Profile.

0ol o CHS Scoring Profie o1
1 CXr)  =w n sperphine V) 1a 3 a7 .

MPO Explorer:
(] & —_—

Resdy Server status: Rows 285 (0) Columns 22 0) Seected 0
— -

= 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:

. R
Seartro i
Gle fot Vew Diinsel Jook bep
barne WSHTLasffinty (p%5) W Chemsty miogs logs @ pH7a miogp Wl ok J =)
s 2] sporphing 2m 15 nm 1850 S e
E
] ] sporphine 259 1 30w 283 .
6B lagilbainklbicod) a
allbaintlolco
W 888 cateqory . 1 801 aperphine 50 16 2835 2156 (IS
W 5-gp caeegory o g
W hERG pICS) &5 it
LRl < s o aporghine m 1 e 2 4 | &
206 sty category owe mecium [F]
W PPESD categcry lew ad
— %1 653 aporphine e 1684 236 152 .| =
oo ][ pee | [0) (B[ 5
Avadatl ropertes: ¥
Property Citela Importance sa I sperphine 28m 1t 27 25u
568 category e
oo
 9PED category
ogs @ pHTA w2 822 aporphin am 1458 3819 206 4
W Fesiiiey
™
B 208 ki fversion 5.1)
[ =3 835 sperphine 2081 12 a1 s 5
9 LX) 24 5 aperphine 2147 096 4801 3297 5
u
‘ J 5
u v es 1 p—— s 1 samt 23 .
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Intravenous (NS scoruiy P10
Intzpvenous Mo CH Stuxing Profie 1 o0 @9 4 aperphine 25 asa13 A6 2 s
ipinsk Rl of Five:
01l C Seoving Prefla
Qral Nen CHE Searing Profie .
90 . sgerhine
u [SS eI n perphin 30 1404 sm am i
]
90 Explrer - - K
) () ) = —
Resdy Server status: Fows 85 (0) Colums 22 0)Seleced 0
— e




Give the resulting profile a name by entering._Prefie: Fotant +ral Qs scoring Frofie

Unsaved

it in the Profile: box above the scoring profile Importance
. 3 o W 5HT1a affinity (pKi) - =7 h
and save it in a convenient place by clicking =~ ®igs =1 —
B HIA category + ]
L . . M logP 0-»35 ——
on the button below the scoring profile,  |& s gorintsiooa -n.z->1 —_—
as shown to the right. It will appear in th I 838 category - o
S sho (') e . g ppe e M P-gp category no [ m—]
Saved profiles: list at the bottom of the  |mnekrepcso £ s —

. . . . W 209 pKi £ 6

Scoring tab, so that you can retrieve it easily. 206 ity category e _D:,D
W PPBIO category low [ m——]
[ Delete ] m @ [ Sort ] Edit ]

Run this scoring profile by clicking on the button in the Scoring tab and answer the

following questions:
Which compound has the highest score?

Answer:

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

What are the most critical issues that should be addressed to significantly improve the

chance of success of compound S3-23?

Answer:

Hint: Use the Find tool (the “ button on the toolbar) to locate compound ID S3-23.




Exploring Chemical Space: Balancing Quality and Diversity

Objectives
= Generating and visualising chemical spaces

=  Considering uncertainty when selecting compounds

= Exploring an appropriate balance of quality and diversity

Exercise
= Change to the Visualisation tab and select the

chemical space button . Click Create... to

create a new chemical space. In the Create
Chemical Space dialogue, give the new projection
a name of 5HT1a Space and then use the default
settings, as shown to the right, to generate a
chemical space based on chemical structure
alone. Click OK to generate the chemical space
plot.

= Click the detach button
the chemical space plot, as shown below:

-
4, Create Chemical Space - R =
Data Set: 5HT 1 library pki -]
Name: 5HT 1a Space
Similarity Mode! Method
@ Chemical Structure Only @ Visual Clustering  (©) PCA
) Properties Only
) Mixed Output Dimensions
@2 O
|
Available Columns: Columns to Use:
Chemical Structure Chemical Structure
| [>=]
L[>
[<]
|
[<<]
|
Progress: |
o [ comee |
|

on the Visualisation tab to create a separate window containing

e P
Ele Eot View Dataset Jook Hep
-
Ol s Scarng rtie. mstrctue =t mSHTLa sty (p) WChemistry miogs g5 @ pHns 3 o - [
odes | scomg. [ Do | vesseston | paso | mech | nova. | Aot | B jE
1 .l 05017 w 1.2 754 aminctetraling 445 2147 240 0. Ll
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A ! B
* 2 ouss s 5 -, - e = L6 o
..
g -
- -
surta space
3 o s ) 11 o
.-l > "
T .. ~
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™ . o
2 »
=3 5 LEL) S1-56 R - 1677 0. i
.
. v o
[} °
e -
o 033 an o i 203 1
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e
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.- wEs
. oazm as m 2 1
Data Set Colour Sae @+
~ 9 STl s . . ¥
> 9 ..l 03253 5812 08 EA 1
=
Data Set Colour sae @ .
@ smo e - 3 ||» .I sz ba ™ e (6 =] (%] @) (] (2] (1] W = A
SHTLa Space [ e
Pt | Gustorie | Fims | Cnenched Drug Spsce =
Irr P ¥ Y - b 0316 §1-5%0 400 y— 15 1
T ]
Lounched Drug pace . B P = 3
— = M- & - - i mmEs| || . ,
" own | LA
reks: [shans =) ) () (@) (E] it W = - o
e
Ready Server status: Raws 285 (0) Columas 23 () Selected O
A Gl AT
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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. SHT1a library pKi - o= mesw| Hint: You can change the background colour on the
plot by right-clicking on the plot and selecting
SHT1a Space Change Background...

S5HT1a library pki B Potent +

Plot Customise Filters

ih G @) ] (2] 1] ) (&

5HTla Space Create...
Launched Drug Space
Import...

Delete

Tl =) (1)

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!):

o en-sre’
Fle e View Daae ook bl
4 Potent « Oral CHS Sc Structy N W 5HT1a affinity (pKi W Chemist Wiogs logs @ pHT 4. Miogh logD. ~
Modes | Scormg | Domgn | veusioaton | pas0 | ok | Nova | Autodedeler o vt L = oL = =
l[ - - - o - El
[ %
. ™ ¥ X1 [ S -
= oanz et . m SHT1a ibrary pki =h@| B 355 2 |
3
1 in “ 01109 S48 658 1504 1 “
1
2 o w H 12038 S0 53 J—— 2 2 | W
W fo
'--d 13 “ 03019 1) b3 50 3
" o
4 ¥
1 - wa s - s 2
ERY ] .b
T a— o m———
] $HTLa library pki - Potent + L
G | s
buase Cotor P l
Aot - 5 ||= “ DlelAlEE Tl Ths 0
Vot [
g » ooz o)
PRCNERERE R N R “
Comchedoragfpee —
= -
.y Jo~ {7 ' ' [ | | B
meks: [omam = (@ B [E 1t -
Jp—
Ready Server status Rows 285 9) Columns 23 ) Selected 3
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= Select the scoring column to generate a Snake Plot for the compound scores in this library, as
shown below:

E Yiew DataSet Jook Help .
ot | sy |_oeagn | vesswion |22 bmci. | e, | 1 = Ham. WSHTLa offiity (pki)  WChemistry miogs logs @ pHI A ™ Mg D
. Potent + Oral S Scorng Profe K3
3 OC0s . — = 1B
£
g m~
H n
L= )
- [ o e | o 1
- e — n
89 2
Diate Set Colour Sae R T\MI&—
Fr——— . - FEEFECET !
por | Gustoriee | Fites | b
CECR RN - T gresia - = 1
g te g -W v 21w [0 (8 @
L — e ] = (. - =
Ready — l Server status: Raws 285 () Columns 23 () Selected O
=  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:
8. Which other chemistries should we consider in the search for a high quality lead series?
Answer:
View DataSet Jook Help ——
ok | sy | o | s 750 | s | s | I" WSHTLa sty (k) WChemisiy o o35 @ pHIA o - (@
B
Potent + Oral NS Scoring Profile K3
w0 I [
0s °
I
£ 7
H o
; "
§ *
5
[ Er—
\m SHTlalbarypki W Botente
Data Set Colour Sae p T : T T\MIHA—
e B . > |- . JCLCTITICE
g T T i s T
WEERE®HENNS
x: [_Patent + Gral O Scomg Profie = T 1 I o i
Rl — ) ] "
Ready — Server status: Rows 285 (8) Colurmns 23 ) Selected 63
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Answers

1.

Which chemistry has the highest average potency?

Answer: 2(arylcycloalkylamine) 1-indanol

Which chemistry has the highest average predicted solubility?

Answer: Aminotetraline

What is the identifier of the most potent compound?

Answer: S5-34

How do this compound’s properties compare with those of compound S1-267?

Answer: Other than its lower potency, compound S1-26 appears to have generally more
favourable properties: higher solubility, lower affinity for P450 enzymes and hERG, lower
logP, not a P-gp substrate etc.

Which chemistry includes compounds with 5HT1a pK; >7, logS > 1, log BBB penetration > -0.2,
logP < 3.5 and hERG pIC50 < 5?

Answer: Aminotetraline
Which compound has the highest score?
Answer: S1-26

What are the most critical issues that should be addressed to significantly improve the
chance of success of compound S3-23?

Answer: Low solubility and high logP.

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

13



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 S10). Due to their similarity with the drug
Buspirone, which is 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.

SAR Analysis

Objectives
=  Generating R-group decompositions

= Visualising Structure-Activity Relationship (SAR) tables
= Multi-parameter optimisation within a chemical series

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

= Select the first compound in the chemical series (Buspirone) and click the Run R-group
R1
Decomposition button on the toolbar ( O ).

=  First, we will define the regions representing the common scaffold within the chemical series.
Select the two ring functionalities, highlighted in blue below, by drawing around them to
lasso the area and then holding down the Shift or Ctrl button to select a second region.

r
% R-Group Decomposition 2 g

Select Scaffold

Lasso a portion of the molecule to select a scaffold,

asoval

+ m ] ¢+

pr= e | [

14



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.

[ E———— [ 9 oo
Specify R-Groups
EE [ Use Strict Matching
1|
! Q
R1
_A
- R2
Pha
-
R3—N al d
[ <Bad |[ meas |[ Ewh || cancd |

Hint: Although it is not necessary in this case, you can indicate additional R-Groups by

selecting the[E button and then clicking at the point on the scaffold where they should be
included. If you wish to specify variable atoms or fragments within the scaffold, click the

E] button and then select atoms on the scaffold which may vary between the compounds
in the chemical series.

Click Next to enter a name for the analysis and then the Finish button. New columns will be
added to the data set indicating the R-Groups and linkers that have been found for each
compound, as shown below:
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10.

11.

With the Visualisation tab selected, plot R3 of the SAR analysis against the linker L1 to

generate a SAR table, as shown below:
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LI
Hint: You can do this by clicking the SAR plot button ﬂ; selecting R3 from the X: menu
L1 from the Y: menu in the Visualisation tab or simply selecting the headers of
corresponding columns in the data set (holding the Ctrl key to select multiple columns)

and
the

Colour the circles in the SAR plot by the

| Models | Scoring | Design | Visusisation | Paso | torchap | Nova | #£4

potency, 5HT1a affinity (pKi), by clicking on |
. R Analysis1R3
the c'olour.bar |.n the key next to the o4 > @“@'C;_PC‘? O b
Arylpiperazine series $10 data set, as shown
right . Size the circles by the stability, JIFP @ G ® G G e
CYP3A4 T1/2 (min). B Q @
Which groups at position R3 and linker L1 :é e
give the highest potency? A @
@

Answer: 5>

Arylpiperazine series 510

Which group at position R1 and linker

(2]

combination give the highest stability

Plot | Customise Filters

against CYP3A4 metabolism?

w G = & @ @ L N5

Answer: x: [ Anayssinz

*)

¥ [l Analysis1L1

*)

Y
Click the detach button to create a
separate window containing the SAR plot for

Trellis: | <None >

= EE

future comparison.

We would like a balance of potency and metabolic stability, so we’ll use Probabilistic Sco

ring

to help us to identify the substituents that are most likely to achieve a good balance of these

experimental properties (and other predicted properties).
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12.

Change to the Scoring tab and select the scoring
profile we used earlier, in the Hit-to-Lead example.
If you do not have the scoring profile in the list of

Saved Profiles:, click the button and open the
scoring profile file called Potent + Oral CNS Scoring
profile.apd

Add the CYP3A4 T1/2 (min) property to the
scoring profile by dragging it from the Available
properties: list into the profile editor, as show to
the right.

Ideally, we would like a half-life of > 20 minutes,
but we may be willing to accept a lower half-life if
other properties are ideal, so we will set up scoring
function with a trend for this property. Select the
CYP3A4 T1/2 (min) property in the scoring profile
and click Edit.

Profile:  Potent + Oral CNS Scoring Profile

Profile Desired Value Importance
-= inf e
M 5HT1a affinity (pKi) = 7 1
M logs > 1 — 1
W HIA category + — 1
M logP 0-235 —
W 888 log([brainkblocd])  02->1 —
M BEB category + T
M P-gp category no L m—]
B hERG pICS0 5 s =
W 209 pKi £ 6 -
2D6 affinity category low medium -
W PPBI0 category low | ———]
[ sdrde ][ peete J[0][B)[ et J[ eac |
Available properties:
Property Criteria Importance m
M BEE log([braink[bl...
M P-gp category (ve.
[ PPB category (ver..
M 5HT1a affinity (pKi) \:|
B CYP3A4 T1/2 (min) -

In the scoring function editor that appears, click Insert to insert a range between 0 and 20,
with a score of 0 for T,, = 0 and a score of 1 for T,, = 20, as shown below. Ensure that the
score for T,,below 0 is set to 0 and for Ty, above 20 is set to 1, as shown below. Click OK when

you have finished.

Give the resulting profile a name by entering it in
the Profile: box above the scoring profile and save

it in a convenient place by clicking on the
button below the scoring profile, as shown to the
right. It will appear in the Saved profiles: list at
the bottom of the Scoring tab, so that you can
retrieve it easily.

Run the new scoring profile by clicking on the

button.

-
5. CYP3AAT1/2 (min) yﬁ— % SetRange l [
Category: trCe: —— - =
Minimum Value: 0 Score: 0 %
Mandmum Value: 20 Score: (1| [
Range Srare H
Cance
-inf-> 0 0.00 —
\ TE— —
0-=20 0.00 -> 1.00
20 -» inf 1.00 0.5
|
0.0
0 2.1 52.2 7.3
i
oK Cancel

Profile:  Potent + Stable + Oral CNS Scoring Profile Unsaved

Pratie wesired value Importance  *
B CYP3AI TL/2 (min) 20 - inf —
W 5HTlaaffinity (pKi) > 7 E—
W logs =1 e
W HIA category + e

M logP 0->35 |
I BBB log((brainl:[bloo... 0.2 -> 1 [
M BBB category + )
B P-gp category no [ m—]
B hERG pIC50 £ 5 -  —

W 209 pKi <6 ||
2D6 affinity category  low medium | —

L= _poRan L P e—

e ) (] @]

Edit

Which compound is most likely to have a good balance of potency, metabolic stability and

the other properties required by this project?

Answer:




Interactive Design and the Glowing Molecule

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 plCs.

Objectives
= Loading additional predictive models and scoring profiles

= Using the interactive designer
= Interpreting the Glowing Molecule
Exercise

= 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 Customn
4 StarDrop Training Files
[ M| 5HT1a_Arylpiperazine_local_model

= 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 pK; (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).

= Score the compounds using the new profile by clicking the @ button.
= To help us to get an overview of each compound’s properties change to the Molecule View

by selecting the button from the toolbar. Find compound S10-14, which is the highest-

scoring compound (Hint: use the Find tool, , on the tool bar). Click on the hERG pIC50
model result to display the Glowing Molecule for this property, as shown below.

N Ditaser ook Hop
s
o [ e e W e T "
Sofler ot + Orl O suemg Pl o peded 5]
bt T Desrdvee importance | Y
W ST Arylpipenzine fo., > T — =
W oss > 1 — [
S ctegory - _— -
- 033 ——| -
B 668 glbuinbiood] 921 —— =
W 68 coegory . —— 'S
W P-gp category. ne — g
W RERG KD <5 ——| 1
PR 56 s — 3
206 ity category o e o —
™ PPESD catagory low - Foo
e o) 1) (@) o = ™
Avedobie proerbes: o
Propery Citeia Importance #
" aw
B pogcutnaory
550 category i
-
W ottableBond:
B 209 i frenisn 5.)
588 caregory (e
W 688 ogbiantbi.
P-gp category e
B 998 category (e
54T ity (K -
PR TLA2 i) E
SHT1a_Acylpipens. & —
= . Ansha 71 . nyL Rz - Anai 03 . Ay 1 (15
ot - Oral IS S Proie al prected
Insovenous CNS Scaring Prfie .
Intavencus Nem CHS Scoring rofie -
Upakiuleof e !
Oral CHS Sezring Prefile = Name. = SHTLa affin |m CHPIALTLZR (in) W 5HT1a Arylpiperazine local mocel | @ [ = P |
O o N Scadi Dl ‘ 01 | moww | f | ! 1205 z:: i z::) |
et + Ol CNS Scenng Preie
. oM = £RG plcsD B Gblglmemibeod) || 988 cotegery 0 A ctegery . o
4505 6028 015 | . . ‘ e |
208 sty coegory. O =
high L high =
[y—
—_—
Resdy Server st Rows 21 ) Columes 21 ) Seecied 0
e el
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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 of the predicted
property.

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

roperty.
= Edit the structure, as shown below: property

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

Answer:

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

Answer:

15. Why?

Answer:

Try the structure below instead, replacing the phenyl of compound S10-14 with a pyrole:
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16.

17.

Hint: To quickly delete the phenyl ring in the previous compound, draw around the phenyl
ring with the @ tool and type Ctrl-X.
What effect does this have on the predicted hERG pIC50?

Answer:

What effect does this have on the overall predicted score?

Answer:

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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Answers
10. Which groups at position R3 and linker L1 give the highest potency?

)

Answer: : atR3and *

11. Which group at position R1 and linker combination give the highest stability against CYP3A4

metabolism?
/ at R1 and *

12. Which compound is most likely to have a good balance of potency, metabolic stability and
the other properties required by this project?

as the linker give the highest potency

Answer: as the linker have the greatest stability

Answer: S10-27 has the best overall balance of properties

13. What effect does this have on the predicted hERG plC50?

Answer: The predicted hERG pIC50 decreases to 5.382
14. What effect does this have on the overall predicted score?

Answer: Despite improving the hERG pIC50 the overall score has decreased to 0.1524
15. 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

16. What effect does this have on the predicted hERG plC50?
Answer: The predicted hERG pIC50 decreases to 5.366
17. What effect does this have on the overall predicted score?

Answer: The overall score increases slightly to 0.2525
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P450 Exercise

Objectives
=  Using the P450 models

= Interpreting P450 results

Background

The P450 tab provides models for the prediction of the regioselectivity and site lability of molecules to
metabolism by Cytochrome P450 enzymes, CYP3A4, CYP2D6 and CYP2C9. These models provide
guidance for the redesign of molecules to overcome metabolic liabilities and also to identify
molecules with a high risk of rapid metabolism by Cytochrome P450 enzymes.

(Note: The results of these models are only relevant if the compound is a substrate for the specific
isoform - these models do not give any information about whether or not compounds are substrates)

The exercise below is designed as an introduction to these tools and illustrates the effect of chemical
modification within a chemical series.

Exercise
= Open the file P450analysis.add containing compounds S1-45, S8-17 and S6-31

=  From the P450 tab, run the P450 models on these compounds by selecting all three rows and

clicking the button. You can select a complete data set by clicking the button at the top
left of the table or by pressing keys Ctrl-a.

= ——u

Bl Edt Yiew DeaSet Jook Hep

Orsl O

L]
Wodeh [ seomg | Deson | vevsbwton | P50 |toehad | hwns | Avotoael |
w [l | LY

& &% 6a s> EE

Y
0

NP — =

Serverstatus @ D Rows 3 ) Columns 16 ) Selected 3

= While the calculations are running an indicator will be displayed in the P450 column showing
the queue position for each molecule or whether it is being calculated. Once a result is
complete it will be returned and displayed in the row. Clicking on that row enables you to
see the results in the P450 tab.

22



T o

=
Bl gt View Daaset Jooi Hep

.
— [ Oral S T s mhicame g 31Tl st mog? mesD a] 3]
Models | Scomg | Deson | Veusisston | P40 | torch [ tova | At ¥ 9t L ity gl ol
B o _ .
E
= — 1m 2m am _
745 arylpperazine 3 umn 138 b
c2=1% 4
c16=9% £
i)
i o
17=82%
c14=5%
repeRe——
e L
iy
u b s
He
I =
| R B 1 ¥
C7 s as oo o O o a3 oo
sue o Laniy
1w @ Lase
: oo s Mod Latie
A s ModLatile
o s Mo stsle
s @ 1 Mod sttle
6 < 0 Stable.
L] [] Stable
|
[P pr——— (=
sesosnsinn
Reaay Server st O ) | Rows 3 0) s 17 ) Seecea ]

1. Complete the table for each compound inserting the CSL and the site(s) most likely to form at
least 50% of products due to metabolism by CY3A4?

Compound CSL Likely Site(s) of Metabolism

S1-45

S8-17

S6-31

= Select compound S1-45, modify it to form the following three compounds and add them to
the data set:

(Hint: Go to the Design tab, click on the row containing S1-45 and edit it to create each

analogue in turn. To add the edited molecule to the data set click the button)
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Compound Structure

0
Analogue 1
N

/,J

Analogue 2 (%j
N

~

-0

0
O

Analogue 3
>

The P450 models predict the vulnerability of each site to metabolism by CYP3A4. Which of the
above compounds is most likely to show an improvement in metabolic stability over S1-45?

Answer:

(Note: If you select a compound that’s already queued, the button will change to

indicating that clicking the button again will remove the compound from the queue.)
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Answers

1. Complete the table for each compound inserting the CSL and the site(s) most likely to form at
least 50% of products due to metabolism by CY3A4:

Compound ‘ CSL ‘ Likely Site(s) of Metabolism
S1-45 0.93 C17 (82%)
S8-17 0.95 C18 (38%), C16 and C8 (22%)
S6-31 0.83 C7 (35%), C21 and C22 (16%)

2. Which of the above compounds is most likely to show an improvement in metabolic stability over

S1-45?

Answer: The CYP3A4 regioselectivity and metabolic landscapes for S1-45 and modified analogues

are as follows:
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Compound 3A4 Regioselectivity Metabolic Landscape

C5L=10.9319 W Labile
Mod Labile
W Mod Stable
W Stable
B Unknown

S-145

C17 C16 Cl4 C12 Cc2 7 c5 C13 C6 c1

CSL =10.8389 W Labile
Mod Labile
W Mod Stable
MW Stable
B Unknown

Analogue 1

Cl4 C13 Ci1 C1

o
o
=
=
el
i
o
o
0
=)
=)
o
o
a
o

CSL =0.9335 W Labile
Mod Labile
M Mod Stable
W Stable
B Unknown

€19 Cl6 C1I7 Cl4 C12 C1 €1 ¢ 7 C20 Cs C15

Analogue 2

C5L =0.8194 W Labile
Mod Labile
W Mod Stable
W Stable
B Unknown

Analogue 3

EEEEEEEEE
7 C C 9 O C 8 C

Cl7 €15 C1 C12 C2

C17=68%

This suggests that Analogue 3 is likely to be metabolised the least if it is a substrate for 3A4. It is the
only compound with no labile sites and has a lower CSL.
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Auto-Modeller Exercise

Objectives

Using the Auto-Modeller wizard to build models
Changing the Auto-Modeller settings

Building continuous models

Building category models

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

Open the file AffinityData.txt, click Next to confirm that it is a tab-delimited file.

Select the Affinity Ki(uM) column, tick the Use default value for all data option and specify
the uncertainty value to be a factor of 10.

% Import text file: C:\Optibrium\svn\mainline\traini

M Smiles | Jin) Affinity Kifuh » | Details

1 ’Moiecuie VHTeu‘t VI MNumber - El Units:

2 Compound-52 Standard deviation:
3 Compound-133

() Keep original valus

(7 Use column: | <None > -

Mote: Selected column will be removed

@ Use~Ziault value for all data

| ".efault for missing data:
. Value: 10
6 e Compound-89  FERS
5 e
7 :;:: Compound-84
8 Compound-53

9 5 Compound-109

10 ¥ Compound-145 =

Show this dialogue next time Save settings l Back I [ Finish ] [ Cancel

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

-log({Affinity Ki(uM)}/1000000)
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Start the Auto-Modeller wizard by clicking the button.

On the first wizard page, accept all the default settings but change the Value Column: to be

pKi.

F

1. StarDrop Auto-Madeller

ER=)

Create Session
Model Type
@ Continuous
Set 5plit

W @ Automatic

Model Data

Mame: AffinityData

() Category

) Manual

Data Set: AffinityData

Validation Set: | <Monex

Nlopes.

| Test Set:

Value Column: pKi

Structure Coiamme| 2o

< Back I

Next> | [ Eiish

) o)

Click Next until you reach the Select Methods page. Here, untick 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).
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. M
4. StarDrop Auto-Modeller m
e

Select Methods

Quick

PLS
Simple REF
Moderate

Gaussian Processes: Fixed
Gaussian Processes: 20 Search

I Random Forests Regression MNumber of Trees: 100
Intaniiive
D GA-REF GA parameters...
]

[] Gaussian Processes: Forward variable selection
[ Gaussian Processes: Rescaled forward variable sell ction
|:| Gaussian Processes: Optimised

[ Gaussian Processes: Nested sampling

ll Mext = [ Einish ][ Cancel

=  Click Finish to start the model building process.

= Once the process has completed, select the session to see statistics for all of the models.
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PLS Mode
REF Model e [ 1]
2 Compound 45 i 2
Random Fereth Mol
ot .
GPDsearch a
3 Compound-104 oougT 35 >
1
. Compound-22 o572 a0 ]
S
s y Campound 2 o0e2ss 0m &
2
. Compounast o oom ®
Mo surmary. 7 Compound 21 010 6987
VeRsqr | WRMSE  TetRqr  TeRMSE
GP20sech oz wam s oazs
5 Compound-13 018 a0
Ghfined sy o096
PLS Model omxaT  esae
Random Foret Regression Model 0727369 DE4SOG s L Compoundd? o1z asm
REF Model osmus  oamms
10 " Compound-TT o1m 6863
1 ! Compound 35 o153 68z
1 ¢ Compound-3 01687 6
Ougley: Dl Tawy @ [F ki @ [F st 13 Compound-31 02 6441
Senvr soRs: N i e N
- AftigGata
= Serverstatus: O O Rows 138 () Columns 4 ) Selected0

Hint: To see a graph of the model results for an individual model, select the model in the list.

1. Complete the following table and then comment on the differences:

Training Validation

RMSE RMSE

PLS

GP Fixed

GP 2D Search
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RBF

Random Forests

Comments:

(Hint: To see the Test results for all models ensure Test best model only is not ticked in the Auto-

Modeller preferences)

=  Start the Auto-Modeller wizard again. Change the Model Type to Category and once again
change the Value Column: to be pKi.

F ™
1. StarDrop Auto-Modeller m
—

Create Session

Model Type

() Continuous @ Category
set split

W @ Automatic ) Manual
Model Data

Mame: AffinityData

Data Set: AffinityData -
Validation Set: | <Mone> -

| Test Set: hlaoa s -
Value Column: pKi - ] |
Structure Codmme 2-== = ]

=

=  The input data (pKi) is numerical and so this time when you click Next, you'll be prompted to
define categories. The default valuies will show the average value as the cutoff but if you
double-click on this you can change the value to 5.
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r:::‘. StarDrop Auto-Modeller m1
Define Categories
liow: v <= S I Y™
high:y » 5
Delete
o
U
[
U
[ <Back |[ mext> |[ Ensh |[ cancel
| = — o

=  Click Finish to start the model building process.
Which is the best model and how does it compare with the others?

Answer:

=  Save the best continuous and classification models by right-clicking on them and choosing
Save Model... from the menu.

= Open the file AffinityData2.txt

=  From the Models tab, run the best continuous and the best category model against this set
of compounds. (Hint: the saved models will appear in the Custom section).

Comment on how well these models performed and which might be most useful when making
decisions about which compounds to synthesise in the future: (Don’t forget to apply the same
function to convert the K; values into pK;s before you compare them with the models.)

Comments:

Summary & Answers

1.

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.
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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.
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Nova Exercise

Objectives
=  Using Nova to generate new compound ideas

= Choosing preferences to control the way new molecules are generated
=  Exploring Nova results
= Loading custom models

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
= 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 | Design | visualisation | P4s0 | torchap | mova | Auto-Modeller

Available Models
4 [l Custom
I [T] TrainingFiles
4[] StarDrop
b [C] W logs
b [ Ll logS @ pH7.4
b |[£] M logP
b [ M logD Run Selected Models
> [C] W 2C9 pKi
b [7] M| hERG pIC50 Select All Models
&[] H| BEE log([brain]:[blocd]) Select StarDrop Models
P E ﬁ i?‘: category Select Custom Models
['4 category .
» [] W P-gp category Clear Selections
r O] El 206 affinity category Open Model...
> [C] M| PPB9O category Delete Model {
e mw
ro [ Ml upn

=  The model will appear in the Custom model section.
= QOpen the data file Nova lead compound.add
= 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).

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

'1'. . Nova Setup Wizard =x3 &lg
Specify Input Structure
Lasso a portion of the molecule to mask it from any transformations
[T strict masking
0
N
/
< Back | Next = I [ Finish ] [ 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 can not be applied to the first molecule,
but may be applicable in subsequent generations. Click Show all to display the complete list
of transformations

F A
‘:'.'. . Mova Setup Wizard m

Select Transformations

(70 Show applicable @ Show all

jlopcformation ﬁ Carboxylic acid to phosphonate
4 . Local
> .. Functional group ...
> 1. Linker modification
> . Remaove atom
> . Ring addition ... -
b | Ring modification | \)Ll b o \/E
i Ring O - ~
2 |, Ring removal b
I» |\ Terminal group ex... c o
| Favourites
4 BIOSTER
[ ,?' . Aol
gy Yai =
[¥]|Carboxylicacid to... | | gio: ter No: 53 ID code:  ACIOOL
Carboxylic acid to 5.,
WeBananic acidinat ;:ea;nes & phenoxyacetic add - phenoxymethylphosphonic
z e i
Carboxylic acid to .. _| Phrases: :I‘;nt arowth regulator
[=al L 1 L

Selcted: 22752

[ <Back |[ mext> |[ Ensh || cancel |

(Hint: selecting an individual transformation will enable you to see an example and any other
available details).

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.
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i« Nowva Setup Wizard

Select Transformations

() Show applicable @ Show all

Transformation

-
4@l | Local 4
&[] | Functional group ...

b [C1 L Linker modification

b [l Remennstam

3 | Ring addition

[ .. Ring modification
B . Ring removal

il Terminal =nogex,,

[] |. Favourites
4 O ( BIOSTER

b [ o ACE

4[] Ju A
[T] Carboxylic acid to ...
[[] Carboxylic acid to s...
[T] Benzoic acid to phe...
[] Carboxylic acid to ...
=] 1 L

Napthalene to benzene

Selected: 43

[ <Back ][ mext> ||
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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
over 200 possible 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.)
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5 Mova Setup Wizard
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) Random
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Select compounds with ’High V] ’ Serotonin scoring profile

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

() Compounds with values higho than 0

Limit atom count change  Maximum: 20
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Start the process by clicking Finish. The Nova job will take a couple of minutes to run...

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.
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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).

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

Answer:

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

Guidance
Summary & Answers

Nova will automatically generate new compound ideas from an initial starting molecule

Lassoing a portion of a molecule will mean that this sub-structure will be present in all
results. Note: this relates only to the heavy atoms.

You can choose which transformations to apply, creating favourite lists for easy access or
importing and reorganising the transformations to match your chemistry

You can limit the number of results generated and bias it towards individual properties or
scores (including custom models)

1. What are the main differences between the compound with the highest score and the initial lead
compound?
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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 fourth best molecule produced is actually the drug Duloxetine.
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torch3D Exercise

Objectives
=  Comparing the 3D fields generated by compounds to identify key interactions

= Screening new compounds against a known bioactive to look for novel potent compounds
and identify opportunities for optimisation

Background
You have a 3D structure of a bioactive compound from your project, derived from a crystal structure
of the ligand bound to CDK2, and a number of other active compounds. You would like to compare
these active compounds to understand the underlying SAR and identify opportunities for further
optimisation.

In this example we will use the torch3D molecule to study 3D Field alignments with the known
bioactive structure. torch3D generates multiple energy-minimised conformations and compares their
3D shape and field patterns to find the best alignments to the reference structure. For each molecule
the top-10 scoring alignments are calculated for detailed analysis and visualisation. A high Field Score
indicates a better match of an alignment with the reference structure. It is not a guarantee that it will
be potent, but helps to prioritise those compounds for more detailed investigation.

Exercise

=  QOpen the data set CDK2 compounds.add

= On the torch3D tab select the button to start the torch3D wizard and define a new
reference against which the new compounds will be compared.
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= On the first page of the Wizard, type in the name CDK2 Reference (this will be used as the
column name in the data set where the results are displayed).
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)
5. torch3D [

Set reference name
Choose a name for the reference. This will be used for the corresponding column header.

Reference name CDK2 reference|

< Back [ MNext = ]’ Cancel ]

Click the Next button and then load the reference molecule by clicking the Load file button
and selecting the attached file CDK2 bioactive.sdf. The loaded structure will be displayed.

)
% torch3D L2 it

Load reference molecule

Choose a reference molecule to align against. Reference molecules must be in a useful 30
conformation.

Load in your reference molecule. Ideally the molecule loaded shou! . be Load file
in its bioactive conformation, but this is not requirad.

Paste from dipboard

-

M

?{,A Extract from Protein

pa—

[ <Bak |[ mext> |[ Fnsh || cancel |

Click Next to (optionally) load a protein structure to define excluded volume - in this example

we will omit this step.
Click Next to specify the speed of the calculations — in this case, in the interest of time, select
Fast from the drop down menu and then click the Finish button

The reference molecule will be loaded in 3D showing its field points and a new column will

be added to the data set.
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data set
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Now the reference has been set up we can carry out a field comparison against any compounds in the
Select all of the rows in the data set and then click the button to start the calculations.
The torch3D calculations will run in the background and results will appear in the table as
they are completed. The field points of the reference are shown as polygons, those of the
aligned compounds as spheres.
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(Note: If you select a compound that’s already queued, the button will change to

indicating that clicking the button again will remove the compound from the queue.)

Once a score has been returned for a compound, select that row to see the compound and
its fields, superimposed on the reference molecule. Using the mouse you can zoom into and
rotate the 3D molecules in order to see how their fields compare. You can explore the top 10

alternative alignments identified by clicking on @ or @ buttons in the “Alignment”
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column. Click the .i button to see the molecule and the reference compound side-by-

side.
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1. Many of the compounds are structurally similar to the reference compound. However, compound
XXX-7 is from a different chemical class. What similarities may explain the similar activities of this
compound and the reference?

Answer:

2. Compound XXX-4 is smaller than the majority of the active compounds and the top-scoring
alignment is similar to the structurally related compounds. Explore the alternative alignments
proposed by torch3D. Can you identify any possible alterative binding modes that may suggest
opportunities for further optimisation?

Answer:

Answers

1. Many of the compounds are structurally similar to the reference compound. However, compound
XXX-7 is from a different chemical class. What similarities may explain the similar activities of this

compound and the reference?

Answer: Despite the difference in chemical structure torch3D identifies a plausible alignment to
explain the similarity in activity between XXX-7 and the reference, based on the similar field
pattern (and hence interactions) generated by these structures (some are highlighted in the
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figure below). Given the commonality between these points, they may indicate important
features to give potency against the target.

Compound XXX-4 is smaller than the majority of the active compounds and the top-scoring
alignment is similar to the structurally related compounds. Explore the alternative alignments
proposed by torch3D. Can you identify any possible alterative binding modes that may suggest
possible opportunities for further optimisation?

Answer: An alternative alignment shown below indicates a potential alternative binding mode
that may provide an opportunity to extend this compound from the piperidine to form additional
interactions and further optimise potency.
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