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Heterocyclization vs Coupling Reactions:
A DNA-Encoded Libraries Case

Abstract

Aim. DNA-encoded libraries technologies (DELT) are gradually becoming an important part of standard drug discovery toolbox.
DELT is looking to find its place between classic low-molecular-weight drug candidates on the one hand, and high-molecular-
weight antibodies and peptides on the other hand. On its natural path to overcoming the “childhood diseases” typical for
every novel technology, DELT has reached a point where the chemical diversity of DNA-encoded libraries (DELs) becomes an
important factor to look out for. In this paper, we aim to take a closer look at the chemical diversity of DELs in their present
state and find the ways to improve it.

Results and discussion. We have identified the DEL-viable building blocks from the Enamine Ltd. stock collection, as well as
from Chemspace Ltd. virtual collection, using the SMARTS set, which takes into account all the necessary structural restric-
tions. Using modern cheminformatics tools, such as Synt-On, we have analyzed the scaffold diversity of both stock and virtual
core bi- and tri-functional building blocks (BBs) suitable for DNA-tolerant reactions. The identification of scaffolds from the
most recently published on-DNA heterocyclization reactions and analysis of their inclusion into the existing BBs space have
shown that novel DNA-tolerant heterocyclizations are extremely useful for expanding chemical diversity in DEL technologies.
Conclusions. The analysis performed allowed us to recognize which functional groups should be prioritized as the most im-
pactful when the new BBs are designed. It is also made clear that the development of new DNA-tolerant reactions, including
heterocyclizations, have a significant potential to further expand DEL molecular diversity.

Keywords: DNA-encoded libraries technology; orthogonal functional groups; coupling reactions; polyfunctional building
blocks; heterocyclizations; chemoinformatics; scaffold diversity
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leTepoumKnisauia abo peakuii KanniHry: Bunagok AHK-KoaosaHux 6i6niotek
AHoTauinA
Merta. TexHosnorii IHK-kogoBaHux 6ibniotek (DELT) nocTynoBo cTatoTb BaXK/IMBOK YaCTMHOM CTaHAapTHOro Habopy iHCTpy-
MEHTIB AN NOLYKY HOBUX NliKapCbKMx cybcTaHuin. Hapasi DELT nparHe 3HanTV CBOE micLe y NPOCTOPi MiX KaCUYHUMM
HU3bKOMONEKYNAPHUMMU KaHANLATAMM Y NiKM 3 04HOTO BOKY Ta BUCOKOMONEKYNAPHUMM aHTUTINAMM M NENTUAAMM 3 iHLLOTO.
Ha cBoemy LiNAXy A0 NOAONAHHA «AUTAYUX XBOPOH», XapaKTepPHUX ANA KOXKHOT HoBOiI TexHosoril, DELT gocarnm Toro mo-
MEHTY, KO/IM XiMiuHa pisHOMaHIiTHicTb JHK-KogoBaHux 6ibnioTek (DEL) cTae BaxkAnBMm GaKTOPOM, Ha KU1 BAPTO 3BEPHYTU
yBary. Y ujii ctatti M1 nparHemo baunkye po3rnsHyTU XimiuHe pisHomaHiTTa IHK-KogoBaHuMx 6ibnioTeK y iXHbOMY NOTOYHOMY
CTaHi Ta 3HANTWN MOXKIMBOCTI A1 MOr0 NOKPALLEHHS.
Pe3ynbratu Ta ix 06roBopeHHA. Mu Bu3Haunnm DEL-kuTTesaaTHi byaisenbHi 610KM 3 HaaBHOT Konekuii Enamine Ltd., a TakoxK i3
BipTyanbHoI Konekuii Chemspace Ltd., BukopucToBytoun Habip SMARTS, SiKuiA BpaxoBYE BCi HEOBXiAHI CTPYKTYPHI 0BMEXKEHHS.
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3a 40MNOMOro TaKMX CY4aCHUX IHCTPYMEHTIB XeMOiIHPOPMATUKHK, AK Synt-On, M1 npoaHanisyBaamn pisHOMaHITHICTb KapKacis
AK Y)Ke CMHTEe30BaHUX, TaK i BipTyanbHUX bi- Ta TPUPYHKLIOHANbHUX BinanHr-6n0kis (BB), NnpuaatHUX Ana peakuil, y akux
OHK 3anuwwaeTtbes iHTaKTHOW. laeHTUdiKaLia MmonekynspHUX ckadonais, BUKOPUCTOBYBAHUX Y HELLOAAaBHO onybaikoBaHUX
«on-DNA» peakLiax reTepoLmMKi3aLii, Ta aHani3 ix BHeCeHHA A0 npocTopy BB, AKMit icHYe, 3acBig4Mau, WO HOBI TONEPAHTHI
00 AHK retepouuKnisau,ii € Haa3BMYaNHO KOPUCHUMM ANSA PO3LUMPEHHSA XiMiYHOT pisHOMaHITHOCTI B TexHonoriax DEL.
BWUCHOBKM. BUKOHaHWI aHani3 fL,03BOIMB HAM BU3HAYUTU, AKUM OYHKLIOHAbHUM rpynam BapTo BiALaTU NPIOPUTET AK HaK-
6inbl BNIMBOBUM Y NpoLeci An3aiHy HoBUX BB. TakoK CTano 3p03yMmiso, Lo PO3BUTOK HOBUX TonepaHTHUX Ao AHK peakuii,
30Kpema M reTepouMKAi3aLii, Mae 3HaYHMI NOTEHLian A4 NOAANbLIOIO PO3LWMPEHHA MONEKYNAPHOro pisHomaHiTTa DEL.
Knrouosi cnoea: TexHonoria AHK-koaoBaHux 6ibnioTek; opToroHanbHi GyHKUIOHaNbHI rpynu; peakLii KanaiHry; nonidyHKLuio-

Ha/bHi BINANHT-6/10KK; reTepoLMKizaLil; XeMoiHPOpPMaTMKa; Pa3HOMAHITHICTb MOJIEKYNIAPHUX KapKaciB
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B Introduction

DNA-Encoded Libraries Technology (DELT)
was first proposed as an idea by Brenner and Lerner
back in 1992 [1]. Since then it has become an ac-
tively developing tool for Drug Discovery, which
allows to generate the multi-billion screening mo-
lecules collection in a single vial [2] and identify
the hit molecules by decoding their unique DNA
tags. The synthesis of DNA-encoded chemical lib-
raries (DECLs) [3] is based on the split-and-pool
strategy [4, 5], which is a common combinatorial
chemistry approach topped with DNA fragments
as chipping tags. The most general sequence for
a DNA-encoded library synthesis is schematically
presented in Figure 1. Building-blocks and the
corresponding DNA tags are repeatedly connec-
ted to DNA primers from the opposing end (Figu-
re 1).

The most common approach to screening the
DNA-encoded libraries [6, 7] demands placing the
protein target of interest (POI) on the solid sup-
port bed and exposing it to the action of the set
of DNA-tagged molecules from the library (Figu-
re 2). The binders remain connected to the pro-
tein, and the non-binding molecules are washed
away (Figure 2). Then the binders (potential hits)
are eluted, their chemical structures are disclo-
sed using PCR sequencing of the coding DNA-
tags, and the data obtained is analyzed. At the
current stage of the DELT development, it is gra-
dually beginning to expand into more complex
biological assays, for instance cell-based assays

[8—11], which is a positive sign indicating the fle-
xibility and translation potential of DELT-based
platforms.

It is notable that the size of libraries created
using the DEL technology nowadays exceeds the
size of the conventional high-throughput screen-
ing (HTS) combinatorial libraries by several or-
ders of magnitude. The HTS libraries almost ne-
ver exceed one million individual compounds, while
3- and 4-cycle DNA-encoded libraries with the
input size of 1000 molecules on each cycle ge-
nerate a billion and a trillion molecules, respec-
tively.

The typical sequence for the four-cycle assem-
blies is given in Figure 3. It is worth mentioning
that there are also several approaches to DNA-
tagging, likewise double-strand [4, 12] and single-
strand [13] technologies. However, this technical
aspect is non-important for the current discus-
sion. Although traditionally viewed as the major
advantage, the gigantic size of the DELs also in-
troduces several risks and drawbacks. First of all,
chemical diversity of such libraries relies heavily
on the pool of reactions available for the DNA-
friendly environment [7, 14], as well as on the
sufficient number of suitable and available bi- and
tri-functional core building blocks (BBs) with or-
thogonal functional groups (FGs), and diverse mono-
functional molecules (capping agents) [15—19].
Another important factor influencing the success
of DEL-derived screening campaigns is the de-
velopment of the readout methods [4, 20, 21] and
statistical analysis of the hits [21-23].
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Figure 1. Schematic representation of the split-and-pool process for the DNA-encoded library synthesis
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Figure 2. Workflow for identifying an active molecule from DEL
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Figure 3. Typical DEL sequence for a 4-step cycle with examples of mono-, bi-, tri-functional BBs
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As 1t 1s mentioned above, the main limitation
for DELT is the demand to use only such chemi-
cal transformations, which leave DNA fragments
intact. At the early stages of development, DELT
was used as a platform for amide couplings only
[24]; however, the overall advances in organic
synthesis techniques enabled the application of
a broad spectrum of chemical transformations
in DNA-tolerant conditions, including classical
C-C and C-N cross-couplings [25], metathesis
[26, 27], click reactions [17, 28—33], photoredox
reactions [34], and many others. Now that the
vast majority of common transformations used in
the cross-couplings has been successfully trans-
lated into on-DNA chemistry, and DELT is ap-
proaching the moment when the search for new
chemotypes again becomes a limiting factor.
In this connection, the cheminformatic algorithms,
such as eDESIGNER [35], which helps to design
libraries accounting both diversity and reaction
applicability factors, have been developed and re-
ported recently. Eventually, in the “maturation”
[36] process DELT replicates the evolutionary
route of traditional HTS-derived combinatorial
chemistry [37, 38] and is on a track from amide
coupling to more complex cross-coupling reac-
tions [39] and, finally, to the on-DNA heterocy-
cles formation. One can find a comprehensive re-
view on DNA-tolerant couplings described in mul-
tiple review articles [3, 14, 39, 40], however, the
works focused on the on-DNA heterocycles for-
mation started to show up in the periodical press
on a regular basis only recently. In this paper,
we aim to give an overview on the diversity of
DELT-suitable BBs for “traditional” cross-coupling
reactions based on the catalogue of stock mole-
cules provided by Enamine Ltd., and virtual set
provided by Chemspace Ltd., and evaluate the
potential contribution of the chemotypes emerg-
ing from the most recent discoveries in the field
of on-DNA heterocyclizations.

B Results and discussion

For the decomposition of the pool of stock
(Enamine) building blocks we used the SMARTS set
(see the experimental part for details) specially
designed to account orthogonality of FGs in the
multifunctional compounds, the absence of unde-
sired functions (alkylators, moisture-sensitive
groups, etc.), and find compatible mono-functional
molecules or “capping agents” [19]. We distri-
buted the molecules obtained according to the
combination of functional and protective groups.

In case of stock polyfunctional cores, 11 classes of
bi-functional and 8 classes of tri-functional mo-
lecules were identified. We decided not to inclu-
de capping agents to our analysis. This is the most
widespread group having a decent overlap with
“traditional” monofunctional BBs commonly used
for combinatorial chemistry, and it hardly con-
tributes much to the chemical diversity, in con-
trast with rather scarce suitable multifunctional
core molecules. In case of stock BBs (Enamine),
26816 bi- and 1438 tri-functional “core” compounds
were obtained (Figures 4 and 5, respectively).

We performed the same type of extraction
using SMARTS and further analysis in Chem-
space (virtual) database. Additionally, the Synt-
On software package was used for this analysis
[41, 42]. Using Synt-On, 43 848 442 molecules in
33 sub-classes of, bi- and 3 119 488 molecules in
25 sub-classes of tri-functional BBs were iden-
tified. Low-reactive BBs and those with non-
orthogonal functional groups were removed.
The molecules obtained were combined into broa-
der classes as we did previously for stock com-
pounds. This approach allows to evaluate which
FGs and, consequently, which reactions contri-
bute the most to the DEL-derived chemical space.
Despite the insignificant shuffle in the “lower
bracket” of the histogram for bi-functional mole-
cules (Figure 6), the proportion between the most
widespread chemotypes in virtual space remains
close to the stock case (Figure 4). However, in
case of tri-functional cores, the fraction of acids,
which fulfill the selection criteria on the virtual
side (Figure 7), is significantly smaller than in
the stock (Figure 5). In all the remaining class-
es, the general trend for virtual structures cor-
relates with the stock. This observation led to
the conclusion that despite many reactions were
optimized for DNA-friendly conditions, the che-
mical diversity of DELs remains to the most
part to be limited to either amide- or ArX-amine
cross-couplings.

Introducing heterocycle formation reactions
is a beneficial way to expand the chemical space
of combinatorial chemistry-derived molecules,
which have proven itself in the HTS develop-
ment [43, 44]. It is also true that with the deve-
lopment of organic synthesis many heterocyclic
cores became readily available as scaffolds for
classical combinatorial chemistry, as well as
DEL-chemistry. Considering the growing num-
ber of publications focused on the on-DNA cycle
formation we assumed that DELT is about to cross
the same frontier as traditional combinatorial
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Figure 4. Enamine stock bifunctional DEL-viable BBs, 26816 molecules in 11 classes
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Figure 5. Enamine stock trifunctional DEL-viable BBs, 1438 molecules in 8 classes

chemistry did at the time when heterocycliza-
tions became noticeable part of the combinato-
rial reaction toolkit. In order to have a closer look
at this tendency, we studied the literature sour-
ces over the period from 2016 to 2020. We ob-
served the growing number of such publications
over time: a single one in 2015, and 14 in 2020.
We also identified 26 distinct types of the on-DNA
heterocycle formation reactions. They are sum-
marized in Table 1.

With this in mind, we wanted to study in more
detail if scaffolds from on-DNA heterocycliza-
tions occur as scaffolds in cross-coupling based
DEL builds. In other words, we wanted to look at
the population of heterocyclization-derived scaf-
folds in the bi- and tri-functional core BBs sub-
sets, and evaluate the potential contribution of he-
terocyclizations to the DELT-relevant chemical

space diversity. We used Synt-On to identify
scaffolds in both stock and virtual bi- and tri-
functional BBs sets, as well as in heterocycliza-
tion reactions products in Table 1. The latter pro-
vided 30 separate heterocyclic scaffolds. The scaf-
fold-inclusion analysis for the scaffolds from Ta-
ble 1 relative to bifunctional cores subclasses
(Table 2) and trifunctional core subclasses (Ta-
ble 3) was performed. The structure of Tables 2
and 3 is as follows: entry (subclass) number in
the first column; subclass abbreviation and an
overall number of compounds in the subclass;
“scaffolds in ref” shows how many times scaf-
folds from Table 1 are included “as 1s” or as sub-
structures to the BBs subclass scaffolds; in the
“molecules in ref” the number of molecules with
“sub-class” scaffolds, which contain the exact
structure of scaffolds from the heterocyclic set,
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Figure 6. Chemspace “tangible” virtual bifunctional DEL-viable BBs, 43 848 442 molecules in 11 classes

Alkyne_(FG)2

Aldehyde_(FG)2

Nitro_(FG)2 317919

Ester_(FG)2 167795
Amine_(FG)2
NHPG_(FG)2

Acid_(FG)2 298722

ArX_(FG)2

2393330

1689153

2505411

0 500000

1000000

1500000 2000000 2500000 3000000

Figure 7. Chemspace “tangible” virtual trifunctional DEL-viable BBs, 3 119 488 molecules in 8 classes

or contain those as substructures, is given; the
“unique scaffolds” column contains data on how
many scaffolds are represented in the subclass;
the "unique molecules” shows exactly how many
molecules contain “unique scaffolds”.

To summarize the data obtained, we com-
bined the results of our calculations into a sin-
gle table (Table 4). The latter shows the inclu-
sion of heterocyclization-derived scaffolds into
the overall pool of bi- and tri-functional BBs,
the stock (Enamine), as well as the virtual ones
(Chemspace). The results of this analysis are
not entirely expected: despite the fact that over
the half of the core BBs chemotypes used in the

heterocyclizations described in Table 1 remain
in DEL-chemistry for a long time (functional al-
dehydes, amines, etc.), their use in the reaction
types outside “traditional” cross-couplings im-
mediately provide more than 30% of the scaffold
diversity in the entire DELT chemical extra-
space.

For better visualizing the outline from Table 4,
we constructed diagrams showing the contribu-
tion of the heterocyclic scaffolds to bifunctional
BBs space, both stock (Figure 8A) and virtual
(Figure 8B). We did the same for stock and vir-
tual trifunctional blocks (Figure 9A and 9B, re-
spectively).
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Table 1. Heterocyclization reactions on DNA from the first case study to 2020

# Reaction Scaffold/Code
1 2 3
Reaction type: 5-membered Aromatic Rings formation
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N
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Reaction type: 6-membered Aromatic Rings formation
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Continuation of Table 1

1 2 3
1. R™-NH, o
/\/\ o 2. Reduction /\/\\ |\ N\>
s N
10. [49] N 3RS0 H . 2N
F N~
N= Scaf_10
NOZ \<R2 -
Reaction type: Carbocyclic 5 and 6-membered Non-Aromatic Rings formation
Ar
oom 2 I:‘
(0]
11.150] SN . / J)}\ que LED arra RDIXD O
g ‘ R Scaf_11
JQNHZ ~ >—C
R0 OM O
12.[51] o@ N
o_/\/\/NH z R1N)J\R2 Scaf_12
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M 0o =
S I V. N\ § »
13.[27] NN
H
NN
| Scaf_13
O —
; /\/\ (>:o
14. [49] VA VA N — N&w N
B R 2 Scaf 14
Q o
R~ o MW Hth
15. [49] VAVANS " .
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J\/\/ 2 > K% /\/\\ k/\/ \(NH N
Scaf_15
1.©/\NH2 .
Q O  Zr(DS)s, ACN/H,0 E )=0
Bl poge g ~° N
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O ADQOHW™_ Scaf_16
1.©/\NH2
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17.[52] 0 O Zr(DS)s, ACNH,0 o Nw 0
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N Ml
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Continuation of Table 1

1] 2 | 3
Reaction type: Polycyclic Non-Aromatic Rings formation
VO™ |
N
H S
- oo T (L
19. 53] s/ ° RUL 1 NH oo
\ Pyrrohdme/BzOH Scaf_21
DMSO/H-0
H
N_ O
L
O (@) N/go
OQDON_~, A~ H
M/\ N Scaf_22
20. [54] M Ph 0
Ph Me ~ DpiPEA 0 NH N “ o
X=CHorN dioxane/H,0 HN\( | S
(0] N/gO
H
Scaf 23
NH T H
Me NH
o™ N o e HN N ”“Q@
2. [55] Y pasan AN N
© 0 Scaf 24
HoN O_/\/\
(@] HN
QNI o @ NSO O y
N H
22.[56] H + et §
| o= 0 ,
s
N. Scaf_25
o
23.[51] @ij‘”
Scaf_26
Me HN-O
M M NHOH 0 H N-Q @(Y
e M "~
24.157] J\©f”\ "NaOAc aq buffer aq buffer H Y o
0 Scaf 27
N
0 R A s YAVANS S "
O*A/\NJK/O ~”( R? [Au/AgSbFg] \N Scaf_28
25.[58] H \©\WH + ag. NHy/MeNH L), o
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o zUoH RI ke N-NH
H
Scaf 29
(0]
(0] S
H R 0 Oﬁ@ HN
—_— [¢]
26. [49] /\/\N)J\/\/Np ﬁﬁ@
N I /\/\\HJ\/\/NYNH N
R Scaf_30
Notes:

1. MPUWLPAN. - DNA fragment (double-stranded), ds-DNA
2. /\_/"\U - DNA fragment (single-stranded), ss-DNA

3. O_/\/\ — ss-DNA fragment on a solid support
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Table 2. The impact of heterocyclization-derived scaffolds to the bifunctional BBs chemical space

# Sub-class Scaffolds in ref Molecules in ref Unique scaffolds Unique molecules
1 |Acid_Aldehyde 6 12 55 331
2 | Acid_Alkyne 6 10 25 141
3 |Acid_ArX 79 234 311 2440
4 | Acid_Azide 13 24 21 71
5 |Acid_Ester 23 71 95 521
6 | Acid_Nboc 257 806 349 1919
7 | Acid_Ncbz 10 28 23 84
8 |Acid_NCS 0 0 2 7
9 |Acid_Nfmoc 179 437 247 1509
10 |[Acid_Nitro 29 46 119 781
11 |Aldehyde_ArX 20 54 92 820
12 |Aldehyde_Azide 0 0 6 8
13 |Aldehyde_Ester 11 37 68 368
14 |Aldehyde_Nboc 53 115 86 262
15 |[Aldehyde_Nitro 7 11 46 222
16 |Aldehyde_SO2X 0 0 4 12
17 |Amino_Alkyne 23 63 59 430
18 [Amino_ArX 177 422 577 3352
19 [Amino_Azide 7 16 21 54
20 |[Amino_Ester 267 878 523 4047
21 | ArX_AlkyneCH 2 4 18 108
22 | ArX_ArX 57 168 232 1227
23 | Azide_ArX 4 8 11 80
24 | Azide_SO2X 0 0 3 17
25 | Diamines_Nbn 67 131 75 205
26 |Diamines_Nboc 302 807 469 1761
27 | Diamines_Ncbz 11 18 19 46
28 | Diamines_Nfmoc 3 7 9 11
29 | Ester_lsocyanates 1 2 6 31
30 |[Ester_SO2X 9 29 43 372
31 |[Functional tetrazine 0 0 2 8
32 | Functional_Boronates 21 40 90 562
33 |Functional_BF3K 8 12 18 51

Table 3. The impact of heterocyclization-derived scaffolds to the trifunctional BBs chemical space

# Sub-class Scaffolds in ref Molecules in ref Unique scaffolds Unique molecules
1 2 3 4 5 6
1 |1,3,5-Trisfunctionalised_benzenes 12 15 20 257
2 |Acid_Aldehyde_AlkyneCH 0 0 1 1
3 |Acid_Aldehyde_ArX 1 3 6 23
4 | Acid_Aldehyde_Nitro 0 0 1 4
5 |Acid_ArX_Ester 0 0 5 16
6 |Acid_ArX_Nitro 0 0 9 71
7 | Acid_Ester_Nitro 0 0 2 5
8 |Amino_ArX_ArX 3 10 35 172
9 | Amino_ArX_Nitro 0 0 13 102
10 | ArX_ArX_ArX 3 4 27 93
11 | ArX_ArX_Carboxy 9 27 27 201
12 | Azide_ArX_Carboxy 0 0 0 0
13 | NbocAA_AlkyneCH 1 2 4 16
14 |NbocAA_ArX 4 6 18 69
15 |NbocAA_Ester 4 10 4 30
16 |NbocAA_Nitro 0 0 1 4
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Continuation of Table 3

1 2 3 4 5 6
17 |NbocArX_Amino 10 11 29 40
18 | NbocEsterAA_Aldehyde 3 3 7 10
19 | NbocEsterAA_Amino 23 41 24 57
20 |NbocNCbzAA 2 2 4 8
21 | NbocNfmocAA 21 34 23 75
22 | NfmocAA_alkyneCH 1 1 3 7
23 | NfmocAA_ArX 17 20 15 54
24 | NfmocAA_Ester 1 4 5 27
25 | NfmocAA_Nitro 0 0 1 3

Table 4. The overall quantity of bi- and tri-functional molecules containing the generated scaffolds (stock and virtual)

Scaffold Bifunctional BBs Trifunctional BBs
# Scaffold (SMILES
@ ( ) Structure/Code Stock Virtual Stock Virtual
1 2 3 4 5 6 7
1 C1CCNC1 H 2078 7871461 109 485045
Scaf_12
2 ciccca D 1104 5941890 27 312303
Scaf_11
I N
\
3 S1C=CN=C1 ES> 648 1533087 15 75218
Scaf_05
(0] NH
4 C1COCCN1 N/ 305 939622 3 51623
Scaf_17
5 N1C=CN=N1 H’ 175 660222 2 53908
Scaf_01
N/
6 C1=CC=NN=C1 N\ | 232 573015 33 52826
Scaf_08
N
| >
7 N1C=NC2=CC=CC=C12 Z H 69 175965 0 3524
Scaf_10
N
¢ Tl
8 01C=NC=N1 O/N 39 156634 0 5888
Scaf_04
N-N,
LN
9 N1C=NN=N1 H 29 103910 3 5056
Scaf 02
10 CINCC=C1 Q 21 57571 0 4304
Scaf 13
2N =N
11 C1=CN2C=CC=CC2=N1 CNrj 97 50346 5 1530
Scaf 09
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Continuation of Table 4

1 2 3 4 5 6 7

12 O=CINCCO1 N 5 15795 0 756

13 O=C1CNCN1 L 5 4651 0 133

N o
14 c1cc2_c=(g\11)c_NN NJQ\JH 0 2694 0 16
- o=c1Nc=%c122=cc=cc ©i;NH 2 274 0 5

16 0O=CINCC=C1 N 2 253 0 11

17 C1CC2=C(CN1)NC1=C 10 220 0 2

—CC= N
c=cc=C21 N

H
N
18 0=C1CC=CCN1 g 0 96 0 12

0=C1INCNC2=CC=CC H'\t

19

20 C1CC2(CCCCO2)NN1 N-NH 0 0 0 0

501

C1CC2CNC3=CC=CC

21 CGONI ' 0 0 0 0
H

C1ONC2C1COC1=CC
22 =Cc=C21 ©\/Y 0 0 0 0
0
o NH
23 C1COC2(C1)CCNN2 N 0 0 0 0

8
S
(I
24 C1COC2=C(C1)SC=N2 o N 0 0 0 0
1
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Continuation of Table 4

1 2 3 4 5 6 7
)
C1Ccec2=c(cc1)c .
25 -NN=C2 N 0 0 0 0
Scaf_06
N-N
>
26 01C=NN=C1 o 0 0 0 0
Scaf_03
H
N__O
27 0=C1CCC=CCN1 U 0 0 0 0
Scaf_19
NH 0
28 0=C1CCCC=CCN1 l 0 0 0 0
Scaf_20
H
N 0
0=C1NC(=0)C2(CNC3=CC NH
29 o = 0 0 0 0
=CC=C3C2)C(=0)N1 N ,go
H
Scaf 22
H
N N (0]
| ~
0=C1NC(=0)C2(CNC3=NC WNH
30 0 0 0 0
=CC=C3C2)C(=0)N1
)C(=0) =N
H
Scaf_23
A
Bifunctional BBs Bifunctional BBs
(in-stock, range 1) (in-stock, range 2)
m Scaf_12 w Scaf_11 = Scaf_05 Scaf 17 m Scaf_04 m Scaf_02 mScaf_13 Scaf_24
u Scaf_08 u Scaf_01 Scaf 09 mScaf 10 mScaf_16  mScaf 15 Scaf_26 mScaf_14
B
Bifunctional BBs Bifunctional BBs Bifunctional BBs
(virtual, range 1) (virtual, range 2) (virtual, range 3)
1533087
175965
939622
1409202 % ‘23140 ‘
mScaf_12 w=Scaf_11 =Scaf 05 Scaf_17 mScaf 04 = Scaf 02 uScaf_13 Scaf_09 m Scaf_26 m Scaf_14 u Scaf_24
uScaf 01 m=Scaf 08 mScaf 10 = Scaf_16 = Scaf_15 Scaf_07 Scaf_18 m Scaf_30

Figure 8. The visualized impact of the on-DNA heterocyclization reactions-derived scaffold to the existing chemical space of stock (A)
and tangible virtual (B) bifunctional DEL-viable BBs
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m Scaf_15
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Figure 9. The visualized impact of the on-DNA heterocyclization reactions-derived scaffold to the existing chemical space of stock (A)

and tangible virtual (B) trifunctional DEL-viable BBs

B Conclusions

We have analyzed both stock and virtual che-
mical spaces of bi- and tri-functional DELT-viable
building blocks using Enamine Ltd. stock collec-
tion (ca. 30000 molecules) and Chemspace Ltd.
tangible set (over 43 million structures) as case
studies. Despite seeming variability within both
groups (bi- and tri-functional BBs), the compounds
with functions suitable for classic cross-coupling
reactions, such as amide couplings or ArX — NHR,
couplings, namely acids, amines, protected amines
and aryl halides, vastly outnumber other func-
tional classes. The latter significantly limits both
current and nearest-time potential chemical di-
versity of the DNA-encoded libraries composed
on the basis of these types of BBs, especially on
the background of the huge size of such libra-
ries: literally what we get is massive numbers of
chemically homogeneous molecules, and it extre-
mely complicates readout at the stages of the bio-
logical testing. Considering the fact that in case
of the cross-coupling approach to the DEL syn-
thesis, the overwhelming majority of potentially
useful transformations were already adapted for
DNA-friendly conditions, one promising way to

approach better diversity of DEL chemical spa-
ce 1s to facilitate the synthesis of less common
classes of bi- and tri-functional cores like those
with sulfonyl halide, boronate, nitro- or aldehy-
de FGs. However, recent advances in on-DNA
heterocyclizations introduced some new chemo-
types to the field. Surprisingly, adding 30 scaf-
folds derived from 26 types of heterocyclizations,
even with many of these scaffolds already being
a part of the multifunctional cores space, has al-
lowed to expand the general scaffold diversity of
the chemical space observed by more than 30%.
This finding clearly indicates that adapting the
existing and/or finding new heterocyclizations
suitable for DNA-friendly conditions, which first
and foremost could feed on the existing pool of
BBs, is another very potent way to expand the
scaffold diversity in DELs.
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