De-Novo Generated Top 100 Scoring Compounds:

Moving away from Pyridine N-oxides

* 10 enumerated diamine core libraries, 93’026 molecules per library =~ 1 million compounds.
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Benzoazepine diamides as “molecular staple” cores

targeting RecA-like viral helicases
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Top 100 compounds: de novo A.l. generated compounds

Benzoazepines
6 """""""""""""""""""""""""""""""""""""""" ioe ATPase/SPR screening of the Enamine N-oxide set (51 compounds) afforded no results —
Ny therefore, we have decided to maintain these cores and diversify the R groups.
g/ :
O H
HN T : Pe One core of interest includes the benzoazepines, found in 6/100 of the original de-novo top-
N scoring Glide hits for Rec2A allosteric site (AGsinding ~ -7.2 kcal/mol, see left).
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( ,+ _N¢ ie This core is non-commercial, rigid with tunable flexibility (amide vs diamine), and allows diverse
’ o 7184 keal/mol N : difunctionalisation (N-capping)
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N N Chemistry has focused on easy access to this core for diversification at the R1 and R2 positions,
% :@ ﬂ N \/ : as well as scaffold hopping on the aromatic ring (SAR) and amide vs amine (rigidity).
H O \ H
: NH L ey
-7.184 kcal/mol ® /Y I - -7.198 kcal/mol
N Ny : NH NH
O)/-— 1 5 : (o]
Ic_) Benzoazepine diamide : E NHBoc NHBoc

~O1

E N+ core series ' '
: - "molecular staples” . :
:Cl \ / N = E E 8a 9a
: N o y A N7 ;
: - : ! N NH N NH
: o+ N : :
' 7 . N Y Y - oo e 0
I H 08 : H = =

Z
7\
\Z
(@]
(@]
Z
4
I
9]
o
(]

NHBoc

\ 1l
" N s : 8b 9b
7319 keal/mol -7.861 kcal/mol :
NH NH
o)
' POF F
-7.286 kcal/mol : NHBoc NHBoc



nspl3-new-generated decorated cores _top glide diversity

Benzoazepines
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De-Novo Generated Top 100 Scoring Compounds:

Peter Commercial carboxylic acid caps (93°025)

https://doi.org/10.1016/j.antiviral.2023.105697

Chemical synthesis

H
o. / COOX

n=0,CH2
R=H,F

New class of nsp13 inhibitors

Dual acting inhibitors
Effective vs SARS-CoV-2
infected cells

Docking studies
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De-Novo Generated Top 100 Scoring Compounds:

Benzoazepines: Moving away from Pyridine N-oxides

2) Filtering (DW):
Total molweight < 500 Da 3) Virtual Screening (PyRx/Vina)
clogP<5
1) Diversification of the amine cores with commercially available clogS<1 *  Reducedto 20226 molecules.
and diverse Enamine carboxylic acids afforded 93’026 compounds, Hflcgzizorf:;o e ) .
which were sent for virtual screening (Maestro Glide). *  DataWarrior’s ‘diversity selection rank’ in order of structural
Rotatable bonds < 3 diversity.
Polar Surface Area < 140
o . Angstroms *  Selected the top 1000 most diverse compounds for virtual screening
5 :jslm W e T Mutagenic X using PyRx 0.8/AutoDock Vina. PyRx - Virtual Screening Tool
@Q @Q o @;ZN‘ N»‘@ Tumorigenic X download | SourceForge.net
N W H o Reproductive effective X i
" " Irritant X :
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https://sourceforge.net/projects/pyrx/
https://sourceforge.net/projects/pyrx/

De-Novo Generated Top 100 Scoring Compounds:

Virtual Screen with PyRx 0.8 / AutoDock VINA

* Unbiased virtual screen (whole protein grid) using energy-minimised ligands and
exhaustiveness = 8 conformers.

@) PyRx - Virtual Screening Tool — =] X
File Edit View Help

View =]
| Molecules | % Autbock | ATVIK | }>Mayau | ||| B30 5cene | [ 0Pots | ZjDoments | | |Tables | % Openabel |
® () % pdb_sma.receptor P INITIZZ® B 48 EHS

(0 # pdb_Srm9.receptor_Compound_1_uff E=1002.15
@ & pdb_5rm3.receptor_Compound_256_uff E=430.79
# pdb_Srm9. receptor_Compound_286_uff_E=650.69
# pdb_SrmS.receptor_Compound_196_uff_ E=927.12
# pdb_Srm9.receptor_Compound_158_uff_E=588.85
# pdb_Srm9.receptor_Compound_716_uff E=839.84
# pdb_Srm9.receptor_Compound_975_uff E=406.82
% pdb_5rm9.receptor_Compound_809_uff E=1243.17
# pdb_5rm3.receptor_Compound_726_uff E=701.81

& pdb_5rm9.receptor_Compound_227_uff_E=823.60
# pdb_Sms. receptor_Compound_483_uff_E=873.99
# pdb_Srm3.receptor_Compound_811_uff E=954.32
# pdb_Srm9.receptor_Compound_728_uff_E=807.32
# pdb_Srm9.receptor_Compound_378_uff_E=882.08
# pdb_Srm9.receptor_Compound_224_uff E=2188.21
% pdb_5rm9.receptor_Compound_129_uff E=846.99
# pdb_5rm3.receptor_Compound_76_uff_E=2173.23
& pdb_5rmS.receptor_Compound_662_uff_E=632.88
# pdb_Srm3.receptor_Compound_715_uff_E=717.35
# pdb_Srm3.receptor_Compound_396_uff_E=789.58
# pdb_Srm9.receptor_Compound_264_uff_E=688.30
# pdb_Srm9.receptor_Compound_233_uff_E=895.11
# pdb_5rm3.receptor_Compound_899_uff E=427.06
% pdb_Srm9.receptor_Compound_234_uff E=465.64
# pdb_5m3.receptor_Compound_86_uff_E=2135.27
# pdb_5rmS.receptor_Compound_551_uff_E=803.82

* Scores as low as AGsinding = -12.1 kcal/mol, but
virtually all poses were at the RNA binding site,
with a few at the ATP binding site, but none at
the Rec2A allosteric pocket.
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2] ¥ pdb_5rm3.receptor_Compound_657_uff_E=645.13

# pdb_5rm9.receptor_Compound_664_uff_ E=845.37

# pdb_Srm3.receptor_Compound_99_uff_E=858.89

| # pdb_Srm9.receptor_Compound_4_uff_E=995.22
Controls.
e mel _Wombn Doan O * Binding free energies are lower than those of
¥ StartHere ), SelectMolecules RunvVina [d Analyze Resits g g

View: No fiter v | Resutsialaseziems | BEBEGEa

R — ; = = e [ the de-novo generative set (N-oxides) at the
pdb_5rm9.receptor_Compound_286_uff_E=650.69 -12.0 0 0.0 0.0

pdb_Srmd.receptor_Compound_716_uff E=839.84 -11.8 0 0.0 0.0 H H M Tt H
e : RNA binding site — not surprising given these
pdb_5rm9.receptor_Compound_196_uff_E=927.12 -11.8 0 0.0 0.0

e = : - . were designed from a site 3 pharmacophore.
pdb_5rm9.receptor_Compound_286_uff_E=650.69 -11.7 1 1.59 2.089

pdb_5rm9.receptor_Compound_716_uff E=839.84 116 1 112 2.264




De-Novo Generated Top 100 Scoring Compounds:

AutoDock VINA Pose (best scoring hit)

AGBinding = -12.1 kcal/mol

RO175

SR 2 : ARG

P B:178 525 -

H-Bonds
Donor

- nnnnnnnnnn | Hydrogen Bon d - Pi-Sigma
- Pi-Cation |:| Alley!
Fi-Donor Hy drogen Bor d Pi-Alkyl
Acceptor- 1 c

* PDB of lowest-energy pose with Geoff for MD analysis (AMBER20).



De-Novo Generated Top 100 Scoring Compounds:

Virtual Screen with PyRx 0.8 / AutoDock VINA

AGsinding =-9.7 kcal/mol

ARG
B:409

LEU
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ASN
B:179

ARG
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H-Bonds
Donor
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|/===3] wentinnal Hudrnaen Rand i
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Top 100 compounds: de novo A.l. generated compounds

Molecular Staples

RNA Helicase

ATP
ou o0 ADP
0 “ RNA Unwinding 0 Q o~
—_— + Pi
; . Conformational °
OO e

OPEN CLOSED
(inactive) = (active) \Lljfh‘LlJ

Molecular l‘ \

Staple

Pi
+ o

INACTIVE
(inhibited)

These bifunctional molecules interact with both protein and RNA
components to lock them together.

RNA helicases offer multiple opportunities for drug development.

Small molecules that block protein:helicase interaction, interact
with the ATP binding pocket, nucleic acid interaction interface, or
inhibit ATPase hydrolysis have been described.

A flexible linker connects the RecA-like domains of helicase
proteins. Their opening and closing are essential to helicase
function with each pose having the potential to accommodate
different small molecules.

Compounds that “staple” a DEAD-box protein onto RNA have
been described. Currently, there are only a small number of RNA
helicases against which small molecule inhibitors have been
identified.

Targeting DEAD-box RNA helicases: The emergence of molecular staples https://doi.org/10.1002/wrna.1738



https://doi.org/10.1002/wrna.1738

Top 100 compounds: de novo A.l. generated compounds

Molecular Staples

Compounds that “staple” a DEAD-box protein onto RNA have
been described. Currently, there are only a small number of
RNA helicases against which small molecule inhibitors have
been identified.
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De-Novo Generated Top 100 Scoring Compounds:

Benzoazepines optimised route

CN
©/\/Br
Exact Mass: 194.97

1

179

HCI (5 M)
R ——
reflux, 3 h

0]

N

HN” “CHj

Et0,C” “CO,Et

1.2 equiv

NH

NH,

5

white solid

m/z found 177.1 [M+H]*

/

DBU (2.2 equiv)

DCM (0.3M), 0°C

HN

EtO,Crv;
EtO,C

Boc,0, NaHCO3

L
>

THF/H50, rt, overnight

NH
o

NH,
6

Exact Mass: 176.09

Peak RT 1.365
\2uT
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E
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904
804
8 704
3 60
§ 50+
404 [M+Na]+

N
S
—198.9

Ol
180 175 200 235 250 275 300 335 350 375
miz

Max : 121664

[2M+Na]+

3751

CHs NiCl,.6H,0 (20 mol%)
0 Boc,0 (2.5 equiv),
NaBH, (10 equiv)
CN Methanol (0.12M), 0°C,
then DETA (2 equiv)
2

7.54 g (40%), white solid
m/z found 333.1 [M+H]*

NH

CHs

HN (6]
EtO,Cry
EtO,C

NHBoc

3

3.90g (75%), white solid
m/z found 436.3 [M+H]*

NH

BH5-THF or LiAIH,

R
v

THF, 0°C — rt, overnight

NHBoc

6
Exact Mass: 276.15

NHBoc

i) TFA (25 equiv) in DCM (0.2 M),
RT, 4h

|

i) NaHCO; (sat)/NaOH (1M),
pH~10RT, 1h

NH
O

EtOOC NHAc

4

1.51 g (46%), white solid
m/z found 291.1 [M+H]*



De-Novo Generated Top 100 Scoring Compounds:

Benzoazepines optimised route

Decarboxy Rt=1 h, 100degC 1M HCI BENZO AMINE rpc al
DMAP cyclisation RPC pure

- p=] . -
. g E = E
. ) f SU T S T S S S LS A S s % 3 3
i o 08 1 12 14 18 18 3 22 24 26 28 3 32 34 38 33 4 42 e
Sl s 3 . sz 3 3 Time min) 08 1 12 14 16 18 3 22 24
R R R 3 b PeakRT 3373
I é ‘I, - j;w Peak RT 0.434
-] Y g 12y
2 T’ . £ m 1" g Mex 1830812
31 % Ly 100+ :
" H A F £ ol a0-
o .4 R L K . - c0l
an | § .. s
AR |l LI T g e
0 : 2 L T 3 so.
’ 7% o6 oF % vs v T 37 ¥4 v 98 { 47 44 46 49 ¢ .
304
201 = =
Peak RT 3371 ‘E' 5 3 R
. 200 200 400 500 600
110] . Max : 1036800 0] e
1001 EtO,C NH
] 2
| NHAc NH HO
2
i o HCI (1M) HCI (5M)
: o o e — "
e g NH 100°C, 1h o 100°C, 1h NH
304 - NH ’ 2
204 P i
m-§ L b é § .
. Exact Mass: 290.13 Exact Mass: 194.11
mz
Found m/z 291.1 [M+H] Found m/z 195.1 [M+H] -
Exact Mass: 176.09 1000 E
800 d
not detected 3 = i
400
200- b Yy %
04 leyw ¥¥ v - vy v 4 v L3
Boc,0, o2 o4 o6 o8 1 12 1s 16 18 2 T 52 % 58 %6 4 42 4% &b 45 €

water/THF
Table 1. Monoisotopic exact masses of molecular ion adducts

x10 6.

often abserved in ESI mass spectra - 12
1

lon name lon mass Charge Mult Mass Resu Reverse: 1

1. Positive ion mode

[M+3H]3+ W3 + 1.007276 3+ 033 1007276 50703943 110.659391 o) &

[M+2H+Naj3+ W3 + 8.334590 3+ 033 8334590 67.031257 103332077 10) E

[WH+2Na]3+ M3 +157661904 3+ 033 15662453 74359120 96.004213 NH 3 os

[W+3NE3+ W3+22989218 3+ 033 22089218 81685885 88677449 2 B ooe

W=2H]2~ W2+ 1007276 2+ 05 1007276 30062276 168492724 NHBoc HO or

[M=H+NH4]2+ W12 + 9.520550 2+ 05 9520550 97 565550 157 979450 HO Gi

[M+H+Naj2+ W2+ 11998247 2+ 0.5 11998247 100043247 155501753 ———

[MeH K12+ W2+ 19985217 2+ 05 19.985217 108030217 147514783 - 2 14 16 1o 3 12 24 20 78

[M+ACN+2H]2+ W2 + 21520550 2+ 05 21520550 109.565550 145979450 Tme el

[M+2Naj2+ W2+ 22989218 2+ 05 22989218 111034218 144510782 NHBoc

[H+2ACH+2H]2+ W2+42033823 2+ 05 42033823 130078823 125466177 NHBoc Peak RT 4.215 Peak RT 4978

[M+3ACN=+2H]2+ W2 + 62547097 0.5 62547097 150592007 104952003 -
333992724 '

I +18.033823 18.033823 194123823 316.966177 Max : 528376 ) -

12010782 Exact Mass: 294.16 :‘Dg ] 10 o MacuTues

[M+CHIOH+H]+ I+ 33,033489 1 23033480 209.123480 301966511 Exact Mass: 394.21 1 100

WK M+ 38 963158 - 1 38963158 215053158 296036842 Found m/z 336.0 [M+ACN+H]+ 90+ an

[M+ACN-+H]+ M +42.033823 1+ 1 42033823 218123823 202966177 Found [M+Na]+ 417.1 80+ o

[M+2Na-H]+ 1+ 44.971160 1+ 1 44971160 221.061160  290.028840

[M+1soProp-H]+ W+ 61.06534 1+ 1 61.085340 237185340 273.934660 Found [M-H]- 393\ g 704 % 0

[M-ACN-Nal+ M+ 64.015765 1= 1 64015765 240106765 | 270.984235 ¥ 604 60

[M=2K-H+ W +76.919040 1= 176919040 253009040 258.080960 3 s 3 s B

[M+DMSO+H]+ M+79.02122 1= 1 79.021220 265111220 255978780 0

[M+ZACN+H]+ 1+ 83.060370 1+ 1 83.060370 250450370 251939630 404

[M+IsoProp+Na+H]+ M+ 84.05511 1+ 1 84055110 260445110 250.944890 - . 30

[2M+H] 2W+1.007276 1+ 2 1007276 353187276 666.992724 204 a 20

[2M+NH4}- 2M+18.033823 1+ 2 18.033823 370213823 651966177 2 10 e @

[2M+Na]+ 20 +22.980218 1« 2 22989218 375169218 647.010782 Ut o a5 N

[2W+K]+ 211 + 38.963158 1+ 2 38.963158 391.143158 631036842 o 200 300 400 soo 6o 700 =do

[2W+ACN+HH]+ 21 +42 033823 1+ 2 42033823 394213823 627 966177 400 500 600 700 800 e

[2M+ACN+Nal+ 20 +64.015765 1+ 2 64015765 416195765 605.984235 miz



19F fragment screening @ SoP _,
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SoP 600 MHz QCI-F spectrometer

Full automation + liquid handling robotics

20 min measurement time / cocktail of 10 fragments
[R, weighted °F{*H} and 1H, 1H waterLOGSY]

Two samples required (+/- fragment)

Approx. 36 hr total acquisition time

ca. £1600 (UKRI rate) + £250 NMR tubes

120 +
l > > 100 |
S g 8ot
ot = o 60t
Q @ |
st frn L 40
20 +
0 0
0 100 200 300 00 01 02 03
Molecular weight Solubility (mM)
60 F
> 30 F -, 150 F
3 30k 5 100 |
(= [=3
£ £ 5o
10 F
0 0

P
o a
T

0 25 50 75 100
Fraction sp3 (%)

BioNET 1°F library

Ro3 compliant, solubility tested, PAINS free
No usage/license restrictions

500 fragments x 10 mg

ca. £11k — enough material for 700 screens

(2 x170 pL x 200 uM required per screen)

[to determine — library storage, maintenance]

https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c00656



https://pubs.acs.org/doi/10.1021/acs.jmedchem.3c00656

Nsp13 FAXS NMR Assay Design

A) Spy molecules EJQ (pdb id: 5rm39) and SJ7 (pdb id: 5rm3) against o -
SARS-CoV-2 nsp13 site 3. B) Negative control compounds for

A F F3C
Q E
\QHLNQ \©YNH1
=} -y - - -
Competition binding FAXS (T2 filtered)
{pdb id: SRM@) (pdb id: SRM3)
B o
F F i
9 = K, o PLAPLN ) ) srate . .
©EN el e @N (- spy molecule protein + spy molecule competitor protein + competitor
H NH cl Py
o J . F _ control compound
187 A 212 A 202 A Z1MA 1“\5"\:JL¢"F---) i:(jm’
" I":;l e InY - o
control compound oy N —_— e o LM - scule
. 4 fFoo . - p nsp13 i control compound —~— Y spy molecule
N FMN |/\NH FMN’\ 3 -
weg o, OG0 o 59 o
l*ll ”J\Q‘ . > \NJL_,_NV’
~ o i
2A 203A 208 A 213 A QZJJ\DV
H F Spy +
F. F
> Y spy control . competitor
c @( s control competitor spy control
NJLNH | ' .
HN‘( H 2 | I I
Q 1 1 |
2184 189 A I I I
1 1 1
I I I
| | | |
I
[ HO. | i s5py + | I, |
Fe I . I |
\ protein | | | |
1 1 L
TFMBA 1 1 I
| I I
I | |
1 I |
1 | |
| | |
I I 1

competitive FAXS screen with good solubility in crystallisation buffer. 19
Newman et al., 2021. Diffraction resolutions for each compound are given 0 °F (ppm)
in Angstroms. C) 2-(trifluoromethyl)benzoic acid (TFMBA) for '°F chemical

shift referencing.



Nsp13 N-FABS NMR Assay Design

1-FABS
Ny spy molecule
& o o %fml@ + protein
n-FABS ofododo
G én
C) :\U"‘m o
ey @ — A A A
v P — & & 2-fluoro-ATP nsp13 L0 = e
pmm - site 3 spy molecule,
S l S EJQ
' ) “E”}ijf”j@ AMP-PNP/NSP13 complex,

pdb 7NNO.

[ 8K GH

2-fluoro-AMP LY E“’Qo

5 "F (ppm)

- ‘ P o

\E";LE JLV‘L.}
MNH; .
}‘ﬁu competitor
. N .
«n-ﬁ-oﬂﬁ-oﬁﬁ-oé JYEJ protein
P -
&H dH Lo
5 "'F (ppm) H o=
= H R
nsp13 -0
NH,
Ny



Molecular Dynamics (AMBER) simulation and docking:

Nspl3-ATP-ssRNA + N-oxide ligand (Geoff Wells + Tom)

2c
VINA: -5.8 kcal/mol

glide -7.869 RA-0001264-01

ATPase IC50 = 48 uM glide -7.861

5RM3

NH,



Molecular Docking (AutoDock VINA) and Dynamics (AMBERZ20):

Ligand 2c atomic occupancy volume

RMSD map
Ligand 2c (red) vs ATP (blue) vs frame 1

2.0

15

1LOR

0.5

0.0

L L L L L L
1000 2000 3000 4000 5000 6000

Molecular dynamics (MD) simulation of Nspl3-ATP-ssRNA-Ligand B7 complex
showing hydrogen bonding (< 3 Angstroms, red) interactions at 373.0ns and 535.2ns
(top, N-oxide N-O---HN ILE592), 384.3ns and 437.9ns (middle, nitro N-O---HN
ILE592), and 356.8ns (bottom, amide NH---O GLU591).




Molecular Docking (AutoDock VINA) and Dynamics (AMBERZ20):
Fragment-bound vs ATP/ssRNA bound states (Geoff Wells + Tom)

Interactions

van der Waals - Pi-Pi Stacked ;.
0 et ] Aot Interactions [ van der waals [ Pi-PiT-shaped
i-Cation
[ Fenion [ carbon Hydrogen Bond [ pi-Sulfur [ carbon Hydrogen Bond [ Alkyl
I unfavorable Negative-Negative [ Alkyi B Unfavorable Negative-tegative [ erall

[ t-donor Hydrogen Bond [ Prsuifur



Molecular Docking (AutoDock VINA) and Dynamics (AMBERZ20):

Fragment-bound vs ATP/ssRNA bound states (Geoff Wells + Tom)

600 ns

H-Bonds

H-Bonds

Donor Donor

Acceptor Acceptor Acceptor Acceptor
ARG
AASSBIE’» PRO AA558|3 A:502
A:593 :
GLU SER
ARG A:498 MET A:589
GLY ¢ A:474
VAL A:498 6.08 VAL A\-IS\QLS E54 GLU MET 38823
A:495 A495 PHE — 253 daz AS91 ARG A:474 :
TR 2.56 o APZTQEQ &M 2499 5.42 / . A:594
5 B [ d 3 531" 1
A:476 \\" A:591 ?\ % H i 4,97 i ARG 5.26 9‘ H
9 ' /& 213 A:502 >
5.70 247 H B A!ISJEE)Z 509 B
/O 2.74
3 spa0 ] 37
= § A589 420 e VAL, 306 g padm
343 2.66 P A:495 241
5.31 U 2.76 ! A:K% GLU
ASN ARG #52 ASN A:591
SER A:503 A:502 A:503 PHE
PHE MET LEU  A:589 € A:472
A472  A474 A:590 nteractions A48
LYS I o bridge I Frcation
LEU A:473 PHE I Attractive Charge B Prsnon
3 A:472 B Conventional Hydragen Bond [ Prsufur Interactions
A:573 ] carbon mm::n i(:nd 3 B F-pistacked Il Attractve Charge I rrAnion
B +alogen (Fiuorine) [ Alleyt Bl conventional Hydrogen Band B 771 T-shaped

Interactions Interactions [] carbon Hydrogen Bond = j\n
[] van der waals I Fi-pi T-shaped [ van der waals [ Fi-cation [ egen Fuerne) L
[ carbon Hydrogen Bond [ Alkyl [ Attractive Charge [0 Pi-anion
[ Pi-sulfur [ Piralkyl [] carbon Hydrogen Bond [ Alkyl

[ unfavorable Negative-Negative [ Fi-alkyl
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