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Overview

In this example, we will use the reaction-based library enumeration feature in StarDrop’s Nova™ module to
generate a library of virtual compounds. This will be based on predefined sets of reagents used to generate
products via well-known reactions.

Creating a virtual library of compounds with Nova's Reaction-
based Library Enumeration

e In StarDrop, select Open from the File menu, find the workspace Reaction-based Library
Enumeration.sdproj and open it by selecting it.

The project contains two reagent data sets. The current data set contains a set of anilines, and these have been
categorised, indicating whether they are available “in-house”.
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We’ll enumerate a library, limiting the choice of anilines to those available in-house.

e Clickonthe Nova tab.
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e Clickonthe button to start the Nova dialog.
.

Choose Reaction-Based Library Enumeration and click the Next button.

= Nova Wizard X

Select Task

(O Chemistry Transformations

Generate new compound ideas by applying chemistry transformations

() Matched Series Analysis

Analyse matched series and generate new compound suggestions

rea“d reagents

Create a virtual library by combining a scaffold with fragments

© Reaction-Based Library Enumeration

Design a virtual library based on your chosen

(O Scaffold-Based Library Enumeration

< Back Mext = Cancel

The first step is to choose the reaction that you would like to use.

There are over 120 reactions available, and you can browse these either by their name or their general type. You

will also see any reactions that you have created, along with any shared by your organisation, in the list of Generic
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Reaction Libraries (for more information on how to create and share libraries of reactions, please get in touch

with support@optibrium.com.)

If you wish to use a reaction that is not in the list, then you can choose the Sketch option to display a reaction

editor.

We will use the Buchwald-Hartwig reaction, which can be easily found by typing its name into the search bar at
the top. As you type, the list will contract to display only matching reactions.

e Type the letters “bu” into the search bar, and Buchwald-Hartwig will appear at the top and be selected.

e Click the Next button.

| 4 Reaction-Based Library Enumeration x
Select Reaction
O Select From Library ) Sketch
Eu| (1]
Gene&n Libraries Buchwald-Hartwig
hd StarDrop Standard Reactions
~ Mamed_Reactions_A_E
|Buchwa|d—Hartwig
> Mamed_Reactions_L_R
» C-C bond -1 2 -l 2
b C-M bond VA-.'I-'I + N ﬁ - N |
» C-0 bond
» Functional Group Interchange

hd Local Library
Medified Buchwald-Hartwig

Coupling of an aryl halide or triflate with an amino group. Amide nitrogens have been shown to

couple and are included as possible reagents in this definition.

Reactions Find...

[C1,Br, |, D&S(05(= 0= 0) C{F) (FIF)I[e:11.INHT, NH2: S (N &S (M=) B S ([ N-T) &S
(N2 BUS [N+ ) BUS (N[O, NI S (M[S]= [0, N]) BUS(N[C]=[5, N}, S{[NH2]cT:[c,nl:[c,n]:

r 1 1 143,71 [ed10KLT]

SMIRKS: |

We can now define the reagents that we wish to use in the reaction. On the next page of the dialog, you can see
the chosen reaction displayed, and below it, a series of tabs, one for each reagent in the reaction.
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4. Reaction-Based Library Enumeration *

Select Reagents

Buchwald-Hartwig

1

| VA---o' 4 NP = TN

Reagent Group 1 Reagent Group 2

Choose data set: o Selection Criteria

Anilines Set... Clear
Aryl Halides

Suitable reagents: 0

Reagents matching multiple sites: 0

[ Use one site
Use all sites
Use none
Choose sites: Select...
Displaying 0 of 0 rows Display suitable reagents only
| = Back Mext = Cancel

e For Reagent Group 1, select the Aryl Halides data set.

This data set contains 101 reagents, but only 100 of them are suitable and meet the reaction definition. By default,
the Display suitable reagents only option is ticked. (If you untick it, you’ll see row three appear. This has been
excluded because the reaction definition includes only aryl Cl, Br, | or triflate groups, not F).

4 Reaction-Based Library Enumeration *

Select Reagents

Buchwald-Hartwig

' 1

e N

R 2

Reagent Group 1 Reagent Group 2

Choose data set:  Aryl Halides - Selection Criteria
@ | Set.. Clear
M Structure HID M logP MW I
a Suitable reagents: 100

3 |'

1 &j 513514 17 Reagents matching multiple sites:D
o a O Use one site |
d o (O Use all sites I
[ 2 L\©\\\/°Ya 207257 284 (0 Use none
(O Choose sites: Select..

b,

< Back Mext = Cancel

Displaying 100 of 107 rows 8 Display suitable reagents only
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There is also an indication if there is more than one reactive site on any of the reagents. To the top left of each
structure is an indicator showing the number of sites on that reagent that match the reaction. If you are only
interested in general properties, then the first site option, Use one site, may be sufficient, but in more complex
cases, you may prefer to Use none. The option Use all sites will carry out an exhaustive enumeration. In this case,
we will Choose sites, which enable us to specify the regioselectivity.

e Tickthe Choose sites option and then click the Select button.

Each reagent with more than one site that matches the reaction is shown on the left. Selecting any of these will
display it to the right, enabling you to choose which site(s) you wish to participate in the reaction. Sites that have
been selected will be blue, and unselected sites grey. Clicking on a site will toggle it between being selected and
unselected.

e Click on eachreagentin turn on the left-hand side: { 4z Reaction Site Selection x

Reagents matching multiple sites Select preferred site(s)

— Where the sites are all Cl, ensure that only the para-Cl 7 *
site is selected. L o N 513514

I
o]

— Where there is a Br, make sure that this is selected 107563022

preferentially over Cl, because it is more reactive.

N
262417225 /\/
U Having done this for each of the five reagents, click the OK I

I I
button. ) 38031866 C|)\¢

In this set of reagents, while they are all aryl halides, there are \ :
also some substituents that may be undesirable. The first Cancel

reagent contains an isocyanate which is reactive to
nucleophiles and therefore unlikely to survive the reaction. In addition, some of the other reagents contain
aldehydes which may be undesirable. We will therefore filter this reagent set before proceeding.

e Inthe Selection Criteria section on the right, click the Set button.

4 Reaction-Based Library Enumeration *

Select Reagents

Buchwald-Hartwig

VA----- + N ﬁ ------N
Reagent Group 1 Reagent Group 2
Choose data set:  Aryl Halides - Selection Criteria
@ ~ Clear
M Structure HID logP MW I
3 0 Suitable reagents: 100
(]
| . . .
1 “"ﬁ"" 513514 37 Reagents matching multiple sites: 3
| -
o g () Use one site

d o] () Use all sites
2 "H,ﬂ 507297 2.84 ~
(R () Use none

© Choose sites: Select...

Displaying 100 of 107 rows 8 Display suitable reagents only

< Back Newt = Cancel
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Here we can define characteristics to look for in reagents we wish to keep; in this case, reagents that do not
contain any of the functional groups we wish to avoid.

e  From the drop-down list next to Structure, choose contains none of.
e Click Select to choose the functional groups to avoid.

. M
4~ Selection Criteria = O

Keep reagents where:

© Al criteria are met () At least ene criterion is met () Mo criteria are met

M Structure ~ | contains none of | Select...
contains any of

contains none of

is valid
iz not valid

Add Clear

The dialog provides many pre-defined functional groups (represented by SMARTS patterns), and you can add your
own to this list by importing them or sketching.

e Inthe Oxygen Functional Groups, tick the box next to Aldehyde.
¢ Inthe Nitrogen Functional Groups, tick the box next to Isocyanate_isothiocyanate.
e Click the OK button.

| 4 Select SMARTS Filters % 5% Select SMARTS Filters %
| Select the SMARTS patterns: | Select the SMARTS patterns:
SMARTS Patterns SMARTS Patterns
Name SMARTS Pattern Import... Name SMARTS Pattern Import...
> MIBR Substructure Filters Export... > MIBR Substructure Filters Export...
~ @ 7 Oxygen Functional Groups > @ T Oxygen Functional Groups
[ Primary alcohol [#6H2X4]-[£8H] New Set... va Nitrogen Functional Groups New Set...
| ) Secondary alcohol [#6H1X4]-[#8H] Sketch... | [ Primary amine [#6X4]-[#TH2] Sketch...
] Tertiary alcohol [#6HOX4]-[#8H] | | ) Secondary amine [#6X4]-[#TH1]-[.
() Phenal [c]-[£8H] Edit... | [ Tertiary amine [#6X4]-[#THO] (- Edit...
[ Di-alkyl ether [#6X4]-!@[#EH.. Delete | [ Aniline primary [c]-[NH2] Delete
[C) Di-aryl ether [c]-;'@[#8H0]-;!. [ Aniline secondary [c]-'@[NH1;S(..
[ Alkyl-aryl ether [#6X4]-!@[#8H.. [ Aniline tertiary [e]-;!@[NHD:S(L..
[ Hydroxylamine [#6X4]-@[ET](.. [ Imine [#1,26][C](='@..
[ Hydroxamic acid [#6](=.:[#8#7,2.. O Amide [#6][#6](=0)[=7.
[0 Carboxylic acid [Cl=0)-[#8H1] [ Sulphonamide [#6][#16)(=0)(...
[ Sulphonic acid [SI{=0)(=[O,N]). ) Amidine [#1,26][C](='@..
[ Phospheric acid [PI(=0)(=[0O,N].. | | [J Aromatic nitrogen in §-membe.. [n;r]
[0 Ester [#6][C](=0)-[O.. [ Aromatic nitrogen in 5-membe... [n;r3]
[[] Carb_x_ates [#7.#8216][C](... [ Imide [#1,#6][C](=0)[..
@ Aldehyde [#6]-[CH1](=0) [ Aside diazo_hydrazina [#7]~1 @[3
[ Ketone ‘ [#6][C](=0)[#6] B lsocyanate_jsothiocyanate =6]-[N]=[C]=[...

Cancel

The Selection Criteria dialog will now show these groups to be avoided. Note that you can define multiple
selection criteria based on any combination of the structure and properties of the reagents.

e Clickthe OK button to use the selection criteria we have defined.
We now have 95 suitable reagents remaining in the set and can move on to Reagent Group 2.

e Click onthe Reagent Group 2 tab and then, from the data set list, choose Anilines.
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Keep reagents where:

© All criteria are met () At least one criterion is met () No criteria are met

4. Reaction-Based Library Enumeration *
Select Reagents
Buchwald-Hartwig
Reagent Group 1 Reagent Group 2
Choose data set: | Anilines Selection Criteria
[} Anilines A | Set... Clear
B Structur Aryl Halides MW logk I ‘
- Suitable reagents: 91
20y P
1 EJ‘“ 317674380 206 Reagents matching multiple sites: 46
T O Use onessite
2 J/Jt (O Use all sites
2 ( 315220785 254 ) Use none
(O Choose sites: Select...
Displaying 91 of 91 rows B Display suitable reagents only
= Back Mext = Cancel
For the anilines, we’re going to specify selection criteria based on in-house availability.
In the Selection Criteria section on the right, click the Set button.
From the drop-down menu on the left, choose In-house.
Tick the Yes option to indicate that we only wish to keep reagents that are available in-house.
Click the OK button.
—
45 Selection Criteria = o

M In-house w | Value v

~ | | @ Yes (J No

|Search...

W Structure

H D

MW |
logP

B In-house !

w

Add Clear

There are 19 reagents with multiple sites, so for this set, we’ll avoid using these 19 reagents.

Select the Use none option and then click the Next button.
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4. Reaction-Based Library Enumeration *

Select Reagents

Buchwald-Hartwig

Reagent Group 1 Reagent Group 2
Choose data set:  Anilines w Selection Criteria
| @ | Set... Clear
M Structure HD MW logF I
Py Suitable reagents: 42
2 A R
1 E"":’ 317674380 206 Reagents matching multiple sites: 19
T O Use one site
o N
LI a Ou
4 o, 107851838 212 < O Use none
(O Choose sites: Select...
Displaying 42 of 91 rows B Display suitable reagents only

< Back Mext = Cancel

The Control Output page shows us that there will be approximately 2,185 products generated using the reagents
we have selected. With this being a small library, itis no problem to generate the complete set; however, it would
be easy to specify reagent sets that produce libraries with many thousands, or even millions, of products when
combined. In such a scenario, it may be useful to choose the Select subset option, after which you can choose
how to select the products based upon a property, diversity, or a score combining multiple properties to be
optimised simultaneously.

e Click the Next button.

. Reaction-Based Library Enumeration X
Control Output

Estimated library size: 2,185
ﬂ Remove compounds withhle structural features  Select Features...

© Generate complete library () Select subset

Selection Method

Property Select compounds with  High Intravenous CMS Scoring Profile

Diversity Configure Diversity...

Property and Diversity Property 1 0 Diversity
Random

Selection Criteria
The best 100 compounds

The best 30

% of compounds

Compounds with values higherthan 0

B allow duplicate products

< Back Mext » Cancel
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e Give the new data set a name (in this case, we have called it “Library”).

+ Reaction-Based Library Enumeration X |

Create New Data Set

Name: Libraryl

B Include reagent data in enumerated library
B Include reagent structures in enurmerated library

[ Show results in Card View

< Back Cancel

By default, all data associated with reagents, as well as their structures, will be included in the new library. If you
are generating a library with many thousands of products, then you might wish to untick the Include reagent
structures in enumerated library option, because for large sets, the additional structures in every row may result
in a significantly larger file size when you save the StarDrop project.

e Click the Finish button.

While the library is being enumerated, StarDrop will provide a progress indicator within the Nova area. You can
continue to use StarDrop while the enumeration takes place.
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5 StarDrop - Reaction-based Library Enumeration - o X
File Edit View DataSet Tools Custom Scripts Collaborate Help
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When the process has finished, the new data set will be displayed.
5 StarDrop - Reaction-based Library Enumeration - o x
File Edit View DataSet Tools Custom Scripts Collaborate Help
2l @
Visualisation  Models  Scorng  Design | SesSAR 3D Metobolism  Novs 4 > M Product Structure M Product ID RG1_Idea Tracker ID RG1_Structure WRGTID I
- f
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1 \/‘\é triflate+ 107851838 176219 5 triflate
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A
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i o
. — o
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Children: 1 g ©
A ¥ o+
3 TL triflate+315411815 176219 5 triflate
o1 X,
+
9 triflate+ 32061364 176219 T triflate
4
10 triflate+ 50451369 176219 P triflate
~
Transformations | Fragments | Reactions Show Details | mp . -
Anilines Aryl Halides Library
Ready Rows 2185 (0) Columns 21 (0) Selected 0 Zoom 100%  Server status: [ X X ] Sign out o

Each productinthe data setis given an automatic ID based on the combination of the names of the reagents used.
As you scroll across the data set, for each product, you will see all the properties from its associated reagents,
prefixed by RG1_for reagent 1, RG2_, etc.
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To prepare this data set for synthesis, we will assign plate IDs to all the products.

e From the Data Set menu, choose Assign to Plate.

% StarDrop - Reaction-based Library Enumeration

File Edit View DataSet Tools Custom Scripts Collaborate Help

T Organise Data...
Visualisation I 3% Heat Map...
Parents: B

" Merge..

Split Columns...

Conformers
(@ Change Data Set Name...

@ Find...
Align 2D Diagrams...

Ctrl+F

Tag Selected tems.
Check For Duplicates...

22 Filter...
Current:

Y Create From Selection...

% Move Selected ltems to Top

Copy Image
Save Image..

Export to PowerPoint
Add to Fragment Library
Assign to Plate...
Refresh

Metabolism Nova

Children:

Transformations | Fragments | Reactions

Assign rows to a well plate according to the current data set order

Show Details

=

- O
M Product Structure M Product ID RG1_Idea Tracker ID RG1 Structure MRGIID |

+

1 triflate+ 107851338 176219 ok triflate
e
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e
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e
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~
Anilines Aryl Halides Library
Rows 2185 (0) Columns 26 (5) Selected 0 Zoom 100%  Server status: [ XX ] Sign out

The dialog that appears enables you to choose between a 96 (12x8), 384 (24x16), and 24 (6x4) well plate.

A~ Plate assignment

Plate sizes 12x8 -~

Fill direction

© By Row

() By Celumn

Cancel

>

In addition, you can choose whether to fill the plate By Row or By Column.

. In this case, we will use the default options, so click the OK button.

A new plate assignment column is added to the data set. Each entry shows the plate number, the row (indicated

by a letter) and the column (indicated by a number).
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.~ StarDrop - Reaction-based Library Enumeration - u] x

File Edit View DataSet Tools Custom Scripts Collaborate Help

&
RG2_Creation Timestam
. T 5 262 ReglD o RG2_Source RG2_Parent ID < assignment
Parents: e based L
1 2026-01-05 e (Reaction-based Library te: 1; Row: A; Column: 1
Enumeration.sdproj)
2 2026-01-05 File (Reaction-based Library Plate: 1: Row: A; Column: 2
Enumeraticn.sdproj)
3 2026-01-05 File (Reaction-based Library Plate: 1; Row: A; Column: 3
Enumeration.sdproj)
File (Reaction-based Library S )
Current: 4 2026-01-05 Enumeration.sdproj] Plate: 1; Row: A; Column: 4
5 2026-01-05 File (Reaction-based Library Plate: 1; Row: A; Column: 5
Enumeration.sdproj)
6 2026-01-05 File (Reaction-based Library Plate: 1; Rowe A; Column: 6
Enumeration.sdproj)
7 2026-01-05 File (Reaction-based Library Plate: 1: Row: A: Column: 7
Enumeratian.sdproj)
Children:
8 2026-01-05 File (Reaction-based Library Plate: 1; Rowe A; Column: 8
Enumeration.sdproj)
9 2026-01-05 File (Reaction-based Library ate: 1; Row: A; Column: 9
Enumeraticn.sdproj]
10 2026-01-05 i"E(REm‘D"'h“Ed Hbrary : Row: A; Column: 1
numeratinn.cdnroil
Transformations Show Details | mp
Anilines Aryl Halides Library
Ready Rows 2185 (0) Columns 27 (5) Selected 0 Zoom 100%  Server status: [ XX ] Sign out

All StarDrop’s capabilities can be used to further analyse or visualise the resulting library. You can also export the
data set easily via the File menu as a CSV or text file when you’re ready to send the library for synthesis.

Conclusion

With this worked example, we have demonstrated a reaction-based library enumeration using StarDrop’s Nova
module to generate a library of virtual compounds based on pre-defined sets of available reagents. Additional
features of the Nova module can be found in examples that include Matched Series Analysis, Scaffold Hopping

via R-Group Clipping, and the Automatic Generation of New Compound Ideas.

If you have any questions, please feel free to contact support@optibrium.com.
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