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‘Chemical Space is Vast! 10 Molecules: -



Commercially accessible chemical space

8 Million in-stock items

Billions of Virtual Compounds
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Virtual compounds are alternative to overused stock




Chemistry is a bottleneck of virtual compounds

Reagents/building blocks are unavailable,
Synthetic procedures have to be developed

= Low Deliverability

T




Low deliverability makes us unhappy




Enamine




Virtual compounds are provided mostly by non-experts
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' nature

Letter | Published: 09 September 2019

Hindered dialkyl ether synthesis with
electrogenerated carbocations

Dr. Sci Pavel Mykhailiuk

cso Enamlne Miao Chen, Pavel Mykhailiuk, Gregory Beutner, Michael R. Collins, Alyn Davies,
- . Matthew Del Bel, Gary M. Gallego, Jillian E. Spangler, Jeremy Starr, Shouliang Yang,
135 publications

Jinbao Xiang, Ming Shang, Yu Kawamata, Helena Lundberg, Solomon H. Reisberg,

Donna G. Blackmond & Phil S. Baran

organlc and medlc.nal ChemIStry Nature 573, 398-402(2019) | Cite this article



Enamine: operating since 1991
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Expertise as a good red wine - it gets better with time



Synthetic experience: 3 Mio compounds synthesized
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Enamine: over 1,000 scientists




Catalog business allows sharing chemical knowledge
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Chemical knowledge is a key to a make-on-demand concept

Validated synthetic procedures

0 CHO
@) NH 5 steps
(l HIN o= [N
O rd

N
I

95 kg available 28 kg available 40 g synthesized

590 330 194,700
(50+g available) (50+g available) make-on-demand aldehydes

In-stock starting reagents
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Enamine

Make-on-demand concept: price and lead time are known

& chem-space.com/search/sub/O 33DCcINN%2528C2CC2%2529¢2CSCc12/828836a5d 1028938b05bceab? ad9ddSE o & 37 ﬂ Q 9O Q E‘Il » °

S P A C E
Delivering Discovery ) Products Services Companies Information 0UsSD ~

L 4 >N 0w 12 = temsperpage

B Make-On-Demand Building Blocks (8)
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Make-on-demand: in-between

Make-on-demand
(
¥ e
4
o
4
@ CSMBO00021265 o 3
B
In-stock items Custom Synthesis
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Shades of make-on-demand

MADE Building blocks, 240 Mio

REAL database, 1.36 Bn

REAL Space, 15.5 Bn
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MADE building blocks

TR

CSC119977342

Flask chemistry,
up to 5 steps, gram scale
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MADE building blocks

A Home / Chimica Oggi-Chemistry Today / Vol. 28(1) / World largest collection ...

P.12-13 f PRODUCT FOCUS

WORLD LARGEST COLLECTION OF TANGIBLE
BUILDING BLOCKS AND FRAGMENTS FOR DRUG
DISCOVERY

Keywords:

Synthesis of small organic molecules lies at the hard of modern drug discovery (1). Highthroughput
biological screening (2) requires large diverse libraries of organic compoundswhose structures and physical
properties {molecular weight, clogP logS, number ofhydrogen bond donors and acceptors) obey cerlain rules
such as rule of 5 (3} that increasethe probability of biological activity. In silico designed focused libraries of
small molecules aresynthesized through attaching various functional groups to molecular cores (scaffolds)
in afashion predicted to maximize ligand - target interactions (4).
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MADE Building blocks are advanced reagents
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Enamine

One-pot parallel chemistry

1-3 steps, mg scale
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REAL compounds

IScience 2

Volume 23, Issue 11, 20 November 2020, 101681 CellPress

Article

Generating Multibillion Chemical
Space of Readily Accessible
Screening Compounds

Oleksandr O. Grygorenko b ? & =, Dmytro S. Radchenko 1’2, Igor Dziuba ,

Alexander Chuprina !, Kateryna E. Gubina 2, Yurii 5. Moroz % %> & =
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REAL compounds, billions to taste test
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REAL compounds: 195 validated procedures

Simple one-pot! chemistry, S REAL compounds

Amine 2 Amine 3
O
O Alk-NH, 0 Alks-NHR

F3CAOJKO/\CF3 750G H O CF31 DBU H N
75°C R

1 4
R = H, Alk

ACS i
Congalnatorlal F—
ience e

Bis(2,2,2-trifluoroethyl) Carbonate as a Condensing Agent in One-Pot
Parallel Synthesis of Unsymmetrical Aliphatic Ureas

Andrey V. Bogolubsky Yurii S. Moroz,* " Pavel K. Mykhnlluk," ™% Dmitry S. Granat,”
Sergey E. Plpko, Anzhelika 1. Konovets,”!l Roman Doroschuk,® and Andrey Tolmachev'"*



REAL compounds: 195 validated procedures

Advanced, Not Simple, one-pot! chemistry, M REAL compounds
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& Cite This: ACS Comb. Sci. 2019, 21, 635-642

ACS
Combinatonal
I-'§|ence

One-Pot ParaIIeI Synthesis of 5-(Dialkylamino)tetrazoles

Olena Savych, ™ Yullya 0. Kuchkovska, % Andrey V. Bogolyubsky, Anzhelika L Konovets,'
Kateryna E. Gubina,’ gcrgey E. Plpko Anton V. Zhemera,' Alexander V Grishchenko,’
Dmytro N. Khomenko,” Volodymyr S. Brovarets,’® Roman Doroschuk,” Yurii S. Moroz,”
and Oleksandr O. Grygorenko®""*



q1-2 2020 REAL update: 10 new validated procedures
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REAL compounds: 130,000 building blocks in use
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REAL compounds: qualified building blocks only

Reduction3

S/ \NH O;w/\ NaBH( OAc)3 S N%
+ I
High-score aldehyde

293 reductive amminations set
81% succeded

Reduction3
NH» Y N NaBH(OAG);
7 b
S /N
H

@)

Low-score aldehyde

54 reductive amminations set
4% succeded

/ N
B
SQ’NH N
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REAL compounds: fight for each building block

O @)
N Procedure 1 % Procedure 2 N
NH
D0, T e gae
N
S 7
O

O// ~N \\O
5 compounds 20 carboxylic acids 16 compounds
10-20% vyield 25-45% yield
20% success rate 80% success rate
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q1-2 2020 REAL update: 10,000 new building blocks
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Surfing in the REAL

REAL compounds
Validated chemistry & Qualified reagents
- Synthesis within 3-4 weeks

« 80% Success rate

a.

Y o

REAL database REAL Space with FTrees
2020q91-2, 1.36 Bn Nov 2020, 15.5 Bn
a subset of the REAL Space software tool
database with enumerated structures collaboration with BioSolvelT

&%
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Surfing in the REAL
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REAL database REAL Space with FTrees
2020g1-2, 1.36 Bn Nov 2020, 15.5 Bn
] ]
a subset of the REAL Space software tool
database with enumerated structures collaboration with BioSolvelT
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Enamine

REAL database: enumerated molecules

SMILES
CCIN(CIC(=0)clec20CCn2nl)c3coe(oc3) mdoncSoooocds
O=C(NCCCC1CCCC1)C2CC320Cedec(cocd3) c5oooncs
0=C(NCCCC1CCCC1)[C@ @ H] 2CCCN2C(=0)c3cces3
CN{CclncenlC(F)F)C(=0)CC2{COC2)N3CCcdncoccdCa
CN{CclncenlC(F)F)C(=0)CC2{COC2)N3CCcdncoccdCa
CN{CclncenlClF)F)C(=0)C2C[5i](C)(C)CN2Cc3cccoed
CN{CclncenlClF)F)C(=0)C2C[5i](C){C)CN2Cc3cceocd
CN(CclncenlC(F)F)C(=0)c2ec|Cl)c3CCN(CCO)Ce3n2
CN(CclncenlC(F)F)C(=0)c2ec|Cl)c3CCN(CCO)Ce3n2
CN(CclncenlC(F)F)C(=0)c2ec|Cl)c3CON|CCACCA) Ce3n2
CN(CclncenlC(F)F)C(=0)c2ec|Cl)c3CON|CCACCA) Ce3n2
CH{CcincenlC(F)F)IC(=0)Cc2ooc30CCCc3 02

| ccniceici=0)N(C)Ce2neenz(F)F)c(n1)C3ccoCC3
CHN{CcincenlC(F)F)C(=0)c2occ(Cinc2C3CCT

REAGEMT1 SMILES

CMC(C)clooc(cel)n2enc3cococ2 3

MCCCC1CCCCL

MCCCC1CCCCL

CMCclnconlCiF)F
CMCclnconlCiF)F
CMCclnconlCiF)F
CMCclnconlClF)E
CMCclnconlC(F)F
CMCclnconlC(F)F
CMCclnconlC(F)F
CMCclnconlC(F)F
CMCclnconlC(F)F
CMCclnconlC(F)F
CMCclnconlC(F)F

REAGENTZ SMILES

0C(=0)clec20CCn2nl
OC(=0)C1CC21CCc3cccoc3 2 ) cdocencd
0C(=0)C1CCCN1C(=0)c2cocs2
[Na+].[0-]€{=0)CCL{COC1)N2CCc3ncocc3C2
[Na+].[0-]€{=0)CCL{COC1)N2CCc3ncocc3C2
C1.C[Si]1{C)CCIN(Ce2ecocc2)C1)C(=0)0
C1.C[Si]1{C)CCIN(Ce2ecocc?)C1)C(=0)0
OCCN1CCe2e(Cljce(nc2C1)C(=0)0
C1.0CCN1CCe2¢(Cl)cc(nc2C1)C{=0)0
0C(=0)clce|Cl)c2CCN(CC3CC3)Ce2nl
0C(=0)clce|Cl)c2CCN(CC3CC3)Ce2nl
OC(=0)Cclccc20CCCc2cl
CCnlcc|Cl=0)0)c(n1)C2CCOCC2
Cclooo(C(=0)0)c(nl)C2CC2
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REAL database: 1.36 Bn drug-like molecules

%

S REAL compounds 932.6 Mio 69%
M REAL compounds 428.6 Mio 31%
Average MW 370

Average SlogP 2.6

Average QED 0.75

Drug-Like molecules 1.36 Bn 100%
Lead-Like molecules 967 Mio 71%
Fragment-Like molecules 13.7 Mio 1%
Passed PAINS filters 1.35 Bn 99%

Passed LILLY rules 1.22 Bn 90%

Baell et al J Med Chem 2010, 2719.
| Bruns et al ) Med Chem 2012, 9763. 37



REAL database: searchable online, via APIl, and KNIME
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enaminestore.com/search

chem-space.com/search

SDF Reader MolConverter Chemspace Search CSV Writer
- -
o 4 > 5> gy & ﬁ
Read SOF Convert SDF to SMILES Searchin Save to text file

Chemszpace databaze
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nature

International journal of science

Ultra-large library docking for
discovering new chemotypes

Jiankun Lyu, Sheng Wang, Trent E. Balius, Isha Singh, Anat Levit, Yurii S. Moroz, Matthew J

g g
O’Meara, Tao Che, Enkhjargal Algaa, Kateryna Tolmachova, Andrey A Tolmachev, Brian K

Shoichet B8, Bryan L Roth B8 & John J. Irwin B8

Nature 566, 224-229 (2019)

Download Citation &

nature

nature

Article | Published: 09 March 2020

This is an unedited manuscript that has been accepted for publication. Nature Research are
providing this early version of the manuscript as a service to our customers. The manuscript
will undergo copyediting, typesetting and a proof review before it is published in its final
form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers apply.

An open-source drug discovery platform
enables ultra-large virtual screens

Christoph Gorgulla &, Andras Boeszoermenyi, Zi-Fu Wang, Patrick D. Fischer, Paul
Coote, Krishna M. Padmanabha Das, Yehor S. Malets, Dmytro S. Radchenko, Yurii
S. Moroz, David A. Scott, Konstantin Fackeldey, Moritz Hoffmann, Iryna lavniuk,
Gerhard Wagner & Haribabu Arthanari

Nature (2020) | Cite this article

Virtual discovery of melatonin receptor
ligands to modulate circadian rhythms

n, Hye Jin Kang, John D. McCorvy, Grant

he, Samuel Slocum, Xi-Ping Huang, Olena Savych, Yurii S. Moroz, Benjamin

Linda C. Johansson, Vadim Cherezov, Terry Kenakin, John J. Irwin, Brian K

Nature (2020) | Cite this article
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REAL Space exploration: the FTrees-based similarity

Drug Discovery Today * Volume 00, Number 00 « March 2019 REVIEWS

The next level in chemical space
navigation: going far beyond
enumerable compound libraries

Torsten Hoffmann' and Marcus Gastreich?

"Taros Chemicals GmbH & Co. KG, Emil-Figge-5tr. 76a, 44227 Dortmund, Germany
2BioSolvelT GmbH, An der Ziegelei 79, 53757 Sankt Augustin, Germany
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REAL Space exploration with FTrees: use case

molecules @\py

Article

SAR by Space: Enriching Hit Sets from the
Chemical Space

Franca-Maria Klingler '*(0, Marcus Gastreich 1@, Oleksandr O. Grygorenko >3,
Olena Savych 2, Petro Borysko #, Anastasia Griniukova ¢, Kateryna E. Gubina 3,
Christian Lemmen ! and Yurii S. Moroz 35*
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B chem-space.com real-space

Register  Signin
S P A CE

Delivering Discovery Products Services Companies Information ouUsD -
solutions®

REAL Space: Billions of Make-on-Demand Molecules.
80%+ Synthetic Feasibility within 3-4 Weeks!

DEE9CXE68,60

- - Search in

& H

/) c 1548 gillion Compounds
o N

. Sfl:jj> ;

— N s

it N H F Pawered by: .
R F BloSolvelT
b, ol

HO

Interested to search REAL Space
A behind your firewall?

20RO 0000LY—"

Are all the compounds real?  What is REAL Space Navigator?

- - -
Are REAL space and REAL DB the same? I nfl n I S ee

https://chem-space.com/real-space
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https://www.biosolveit.de/infiniSee
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~ Chemical Space, 10°3 Molecules

To Procure 101° Molecules
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