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} Agenda

1. Introduction to PROTAC discovery

2. What is Direct-to-Biology (D2B)?

3. Use of D2B in PROTAC discovery

4. Experimental setup and validation process for new transformations
d. Literature examples

6. PhD project

7. Case studies from Andreas and Cassie

8. Q&A
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- Degradation potency is linked to ternary complex formation rather than binding affinity, thus structure-activity relationships (SAR)

are challenging to predict, and significant trial-and-error is required to identify potent new degraders.

PROTAC = proteolysis targeting chimera
POI = protein-of-interest



} Introduction to Direct-to-Biology A

. Puritization

Crucial Considerations

* How are your reagents affecting the assay readout?

* Is the data generated robust and comparable to purified samples?
* |s plate-based chemistry representative of batch scale?

For a comprehensive overview, see tutorial review: Innovative, Combinatorial and High-Throughput Approaches to Degrader Synthesis, R. Stevens et al., Chem. Soc. Rev., 2024, 53, 4838-4861.
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p- PROTAC Direct to Biology (D2B) CoK

VHL, cereblon
and IAP

E3 igand

~200 monomers

1536-well
reaction plate

0.07mg/reaction

Amines,
—FG acids and ¢
chlorides

s — |

Only 10 mg required
for full library!

Crude reaction
mixtures tested
directly in cells

Library of 100 PROTACs

Strathclyde

Small amount of POI binder required for the full array

Validated single step amide coupling, alkylation, reductive amination &
SyAr libraries

Cellular readouts for multiple targets - BRD4, RIPK2, FAK, AR and HER2

Rapid assessment of SAR for large PROTAC libraries

18 hincubaton
wox HiBiT assay c
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- % , & N
384-well b
Assay plate PROTAC /M

100s of PROTACs with cellular degradation data within weeks



} What does Direct-to-Biology look like in practice?

/

Prepare stock solutions and
dispense onto 384 well plate

Mosquito liquid handling robot
transfers reagents into correct
wells on reaction plate

Reactions left for 24 h at room
temperature in 1536 well plate

LCMS analysis gives % purity
of each product

Products plated into columns 1
and 13 of a 384-well plate for
serial dilutions

Alternatives for an academic setting might include:

Dispensing from vials

ad
*

Multichannel pipettes or other
liquid handling equipment

Different plate sizes or
parallel chemistry setups
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Option to assume full
conversion after optimising
reaction conditions
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Option to run fewer points on
concentration curve or single
concentration assay




} Validation of New Reaction Conditions GSIC Sirthayde
Reductive Amination
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1. Condition optimisation 2. Correlation with purified samples
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Stevens et al., RSC Med. Chem., 2025, 16, 1141-1150.
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p- Literature Examples A
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New reaction development: Release of water as the only by-product
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DMSO 2 = _NH,
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10 eq. HOAC | NH H
‘ . 80 °C /=
o * O HN —_— ) + H0 s
E3 ligase ligand + linker o | = 24 E3 ligase + Library of hydrazone-
intermediates e linker intermediates linked PROTACs
(21 groups evaluated) l
cl
cl CH OH

CN

Guo et al., Eur. J. Med. Chem., 2022, 236, 114317. Roberts et al., ACS Chem. Biol., 2020, 15, 1487-1496.

Novel applications - assay design: Counter-screening to identify glues that are dependent on cereblon binding
3)

380 aldehydes
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a \ﬂ/\ X/ N R
2 o DMSO, 85°C R2 X~ 3
I CRBN active: R; = H I \n/\o/\ Y
o

CRBN inactive: Ry = Me

+ H,0

Lietal, Eur. J. Med. Chem., 2023, 258, 115567.

For a comprehensive overview, see tutorial review: Innovative, Combinatorial and High-Throughput Approaches to Degrader Synthesis, R. Stevens et al., Chem. Soc. Rev., 2024, 53, 4838-4861.



} Multistep D2B to generate large PROTAC libraries GSK %"‘(F;‘E”ﬁ*c

1. Pd-mediated sp?-sp? cross-coupling; 2. Deprotection; 3. Amide coupling

Short linker A Short linker B

FG — - FG FG — —m
El— e BEH - o) EI- —=3

Small array 1536-well reaction plate PROTACs
_ o/ Step 1 — o/ o/
O Pd-mediated cross- O Short linker A O Crude mixtures
coupling and tested in cellular

purlflcatlon Step 3 _E degradatlon assay Degradation
\ data
Step 2 \(X Amide coupling N \(X
with 100 E3 ligase

Deprotection
ligand + linker acids

k BRD4 as an exemplar 10 intermediates j

+  Synthesised 900/1131 PROTACSs in one experiment
(success rate > 80%)
* Allows SAR to be quickly assessed — synthesis and

testing completed by one scientist in 3 weeks

Stevens et al., J. Med. Chem., 2023, 66(22); 15437-15452



* 3-Step D2B Workflow Developed to Assess SAR GSK %"E”F:‘Eﬁl

Profiling 900 BRD4 PROTACSs in a single experiment

Coloured by sp? / \

scaffold type Examples with CRBN:

PROTAC 7

T~ 15-atom flexible linker
pDCs, 10.2 D,y 98 %

4 N 100~
Examples with VHL:

PROTAC 5 BT

Long flexible linker

(1]
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pDCyy 7.4 D, 81% ~ 4
s 5 PROTAC 8
PROTAC 6 o 6 4-atom semi-constrained linker
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Cereblon typically more potent
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i Flexible e.g. Cereblon e.g.
BRD4 binder Scaffold 4 12-15 atoms = optimum linker
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H/\O“O % \/\oi M N{N)H:o Choice of sp3 linkage is important
N\r;, o
o

Stevens et al., J. Med. Chem., 2023, 66(22); 15437-15452



} Three-step D2B with Pd-mediated cross-coupling

Strong correlation with purified samples after 3 steps with only one cartridge purification

Y sp2-sp® ; Deprotection

cross-couplin N N NS
_cross-couping BocN\j\/@[ p 4 0 »
N = Amide coupling

Different purification methods trialled following step 1

Purification

SPE = solid-phase extraction

87 PROTACs

GCSK Strathclyde
Purity of library after 3 steps
Prep HPLC Celite SPE Aqueous w/u.
19 20 21 22 23 24 1 2 3 4 5 6 ?Bﬁlﬂlllz 12 14 15 16 17 18
High
Purity / %
Low

PROTAC purity typically between 20 and 40% after 3 steps

Stevens et al., RSC Med. Chem., 2025, 16, 1141-1150.
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} How much purity do you really need? GSIK Strathclyde
pDCs, values following multistep D2B chemistry - PROTAC purities of 20-40%

Effect of increased step count on pDCg, values
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Of 49 samples, 94% of pDC;, values lie within 1 log unit of the HPLC batch and 84% within half a log unit

Stevens et al., RSC Med. Chem., 2025, 16, 1141-1150.
For other experiments assessing purity requirements in PROTAC D2B see: Plesniak et al., ACS Med. Chem. Lett., 2023, 14, 1882-1890.
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} How much purity do you really need? GSIC Stratheyde
D,..x Values following multistep D2B chemistry - PROTAC purities of 20-40%

Effect of increased step count on D, values
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D, .., is affected much more significantly than pDC50 when sample purity is low

max

Stevens et al., RSC Med. Chem., 2025, 16, 1141-1150.
For other experiments assessing purity requirements in PROTAC D2B see: Plesniak et al., ACS Med. Chem. Lett., 2023, 14, 1882-1890.
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Thank you for listening!

Any questions?
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p- PROTAC Direct to Biology (D2B)
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BRD4 ligands - 3 linking vectors
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186 BRD4 PROTACSs

Excellent correlation across a range of potencies
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Stevens et al., J. Med. Chem., 2023, 66(22); 15437-15452



} How much purity do you really need?

*  Work from AstraZeneca models partial

conversion of starting material to product by DR .
titrating pure PROTAC with the respective *nhgf‘v"\/\o’\/"\*;} "
starting materials o MZ1 8 "L\*bgﬁ(

*  Not a true model of partial conversion but
still shows overall impact

¢ 50-100% purity gives pDC50 values within
approximately half a log unit

Pure PROTAC (%)
100
90
80
70
60
50
40
30
20
10 T T T T

* Important to note that every target may be 1000 105 104 107 109 100 0% 108 107 109
different

% degradation
% degradation

*  10% purity can give an indication of -80-
degradation, but D, values are inaccurate -100
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Plesniak et al., ACS Med. Chem. Lett., 2023, 14, 1882-1890.



