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Dial-a-Molecule - The Grand Challenge

The aim of the Dial-a-Molecule Grand Challenge Network is to make the synthesis of any
desired molecule as easy as dialling a number thus greatly

empowering researchers, and removing a severe constraint to progress, in many fields. A linked

aim is to move towards 100% efficient synthesis. Currently in the production of a

molecule many times the mass of the desired product (typically 1000s of times) is produced as
waste with consequent disposal and cost implications. With 100% efficient synthesis there would

be NO WaASTe to dispose of and the process would be much cheaper as well as consuming less
energy
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The Industrial Coal Face - Chemical Development at AZ

* Responsible for developing a synthetic route to API
* Scale from mg to Kg
* Processes, not just reactions
* Emphasis on SELECT criteria
* Safety
* Economics
* Legal
* Environment
* Control
* Throughput
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* Supply material for clinical trials through to tech transfer to commercial

Rapid Route Design of AZD7594, Reaction Chemistry & Engineering, 2019 DOI: 10.1039/C9RE00118B

Svynthesis 4.0: Towards an Internet of Chemistry, Reaction Chemistry and Engineering




Plan of attack

Theoretical Space Chemical Space Reaction Space Processing Space
(How to build the target) (Reagents / Solvents) (Conditions / Stoichiometry) (Physical processes / Isolations)
High Throughput Medium Throughput Focused
Experimentation Experimentation Experimentation

Robust Data Capture, Manipulation and Retention (creating data source for ‘Big Data’)
Imagine a world where...
* Identify, visualise and prioritise possible routes in the theoretical space quickly and accurately
*  We could cover as much chemical space as we thought necessary, and then a bit more
* We could explore reaction space without the constraints of equipment and time

* All experiments were uniformly recorded and raw data, meta data and knowledge stored in an easily
visualised and accessible way

*  We could apply this across all projects on all stages of synthesis



Identification of possible routes




For each step of a synthesis
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Evaluation and scoring of the forward
chemistry

* Does it make the target molecule?
* In whatyield?
* Whatelse does it make?
* What reagents / solvents needed?
* How fast will it occur? (seconds, weeks?)

(Really, Really Hard)




For each step of a synthesis
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1. Solubility Correlations of Common Organic Solvent - Org. Process Res. Dev. 2018, 22, 829-835

2. A Predictive Tool for Electrophilic Aromatic Substitutions Using Machine Learnin

Medium Throughput Focused

Build a model
on data set then
validatel

In-silico
calculations
based on QM?

Hybrid3

-J]. Org. Chem.2019, 848, 4695-4703

3. Predicting reaction performance in C-N cross-coupling using machine learning — Science. 2018, 360, 186-190




To form 1 route

A->B->C->D->E

= What else does it make?
* What reagents / solvents needed?
Bl o ekl oSl (e Six e

* Does it make the target molecule?
+ Inwhat yield?

* Does the forward chemistry make sense?

Suggest functional groups to




To form all routes
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AZD7594 Route Selection Options

Aziridinium routes
Which R groups?
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Experimentation

Medium Throughput

Focused

43 possible
routes.....

What to do with all this?
Visualise all the routes
Define success criteria
Rank routes

Prioritise - whole routes or Kkill reactions
for experimentation

Track results

Decision - what to progress
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Chemical Space - HTE
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Experimentation Experimentation =~ Exper

High Throughpur Medium Throughput Focuse

Chemical Space

“I need to see if this novel SyAr reaction is feasible, to support new route work”

X B Nu
Nu

S S

R X R

X = halogen etc. Nu = nucleophile
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HTE Solubility -
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AZD7594 - Solubility Runs

o

>y

F

J\B/O
N7 S

o

AZD7594 Crude

\

N
/
N
-——
N
R O
Stage 10
o

s

AZ13781232 Furoate

Stage 7 \
HO
A
N/ HO.
N " 257
5-Hydroxyindazole /
AZ10011355 N
[134.1]
< Yo
S ~
o o}
\ AZ14029356 AZ13781291 j
Stage 9
\
/
N 1. Pd/H,
H H
\ / © o

\ / OH

AZ10005823

High Throughpur
Experimentation
Stage 5

BnBr

212828252

Focused

AZ13639245

Y

/
N

AZ14107325

LiOH (aq)

:
~
(o]




Focused
Experimentation

AZD7594 - Ullmann HTE
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Semi-Manual Workflow

J
~ N The Evolution of High-Throughput Experimentation in
Pharmaceutical Development and Perspectives on the
96 well plate, 10mg, 2 samples Future -

y https://pubs.acs.org/doi/pdf/10.1021/acs.oprd.9b00140
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Chemical Space - moving forward D -

*  Well established for catalysis and solubility screening
* Develop non-catalytic chemistry
* Automate solubility measurement
* Democratise HTE

* Break down barriers to running 96 reactions
* Semi-Generic designs /workflows
* Easy to use and reliable kit

* Routinely take 3 or 4 samples per reaction to allow profiling
*  Work on getting quicker analysis methods (LC)
* Education around data handling _
* Deeper understanding derived from all 96 reactions . T
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Reaction Space - MTE

| TeA

Continuous variables

Statistical Analysis

»

|

Profile reactions

[ Rate = A{A][B]

Kinetics



Reaction Space

“I need to optimise my reaction. What set-points do I use? At what
time is there maximum product and minimum impurities?”
@& Product

B 4 Best QC‘
B Impurity 1 Charge | ¢2

I Poorest Temp

815mins 1200mins

[ Kinetic I Statistical I High Quality ]

Modelling Analysis Empirical Data

W’}



Reaction Space MTE - as it stands =)

*  Within generalist population =
* Experience of test tube reaction systems (20mL) % ,_,l
*  Semi-Automated workflow (Quantos, AmigoChem, Data Export from ‘& E
CDS) i

*  Within specialist groups
*  Workflow based on 24x3, 4mL vials with multiple samples
* On a Freeslate CM2, transferring to CM3
* 5-10 samples per reaction
* Complex DoE
* Kinetic experiments
* Cross over material / parameter screens.



Reaction Space MTE - as it stands
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Reaction Space MTE - Future =) == .-

* Develop Medium Throughput
* Bridge the gap
* Equipment not limitation
* Reduce time to decide

* Define, Test, Release chemist friendly workflows
*  Walk up MTE kit
* Specialist MTE

* What else can we do?
*  Multivariate analysis on 10s of reactions?
* Automated modelling / fitting to determine rate information?




Focused Experimentation




Focused Experimentation




Processing Space ), o e

“Help! The addition rate on the plant was twice as fast and the temperature of
the vessel is 30DegC higher than set point. How will this affect the reaction?”
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Y LC data List of Outcome of single ‘Knowledge’ from
® o parameters experiment study
Reaction Temp :
[ Model ‘New’ Point J

What will the Can the route Can we ‘save’
imps be? deal with imps? the batch?

Skl
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Basic temp
loggers

Programmable and logging
J Temp/addition/pH/stir

rate/turbidity/IR

iControl / IC DataCentre

Inhouse control/logging developed for JVs

2010

2014



Processing Space - Data Standard

e Devilis in the detail

* Mettler Toledo, Jansen, AstraZeneca - Project Step Stone

* Develop a open standardised way to capture processing data
* Based on ISA88 (S88) ‘process’ standard

* XML schema

PROCESS

STAGE

Synthesis . .
rystallization Isolation

= Agitate Filter Rinse
Decomposition :
. - i 5 Charged
Distillation of Centrifuge Homogenize Sample

Reprocess Product

Drying Output Charge Inert Separate Collected
Purification
Drying of
Solution

Equipment Particle size

Reaction Charge at Rate Mill Settle Discharged

Particle tuning -
conditioning ) Check Equipment PAC Sieve
Equipment Solvent >
preparation Vi Discharge Pack & Label
Equipment

=iie Switcl Distill Pressure Adjust Wait

1 Temperature
Adjust

Extraction Transfer )
Dry Recirculate Wash
Filtration Washing .

= Equipment

Identification B Wet Mill

Homogenization §\Waste Treatment

[PARAMETER Reaction Type Comment Temperature Duration = ]




Processing Space - Data Standard e

DM | | Ci\Users\m306277\Downloads\Exp Test Ally May 2019 started at 17-04-21 on 06-19-2019.xml
% 2 & C\Users\m506277\Downlo...

x @convert v Bl select
7 @ Catalysis Library - All Doc... [ Chemical Science - Home [ Citrix Receiver (@l Citrix £ Files shared with you - Sk.. £ | My OneDrive £ nucleus Home () R&D Search &) SciQuest - ERM [ Solubility Screening - All... & Suggested Sites v ] Your.AZ -Process Chemistry

<?xml version="1.0" encoding="UTF-8"7> ‘|
- «<Experiment ExperimentStatus="Analyze" ApplicationVersio 6.1.187.0" Applic: Control” ExecutedOnMachineName="UKMCXL206FE1AAB.astrazeneca.net” TimeZone="1:00" CompletionTimeUTC="2019-06-20T08:24:34.14296327"
StartTimeUTC="2019-06-19T16:04:21.1897563Z" Proje: Alpah 18 Test" Us 'Ally.Mac” Name="Exp Test Ally May 2019" UniqueEInId="Exp Test Ally May 2019" SchemaVersion="2.0" Trackingld="9ed13125-0000-48c0-86ed-albch9a17aab"
Mwl:l
- <Process Trackingld="04eec03e-9671-4947-8dd0-5757edd7335e" ProcessType="ParticleTuning >
<MNotes/ >
- <Stage Trackingld="9dada7fc-f237-4d90-bd4f-c821ff534e35" StageType="EquipmentPreparation” > w
<Notes/ >
- <Phases>
+ <Phase CompletionTimeUTC="2019-06-19T16:04:27.77316227Z" StartTimeUTC="2019-06-19T16:04:37.6095999Z" Name=""TrackingIld="47d820bb-dc4e-491a-b62c-43f701803c6c” CompletionStatus="Succeeded”
CompletionTimeRelative="PT6.58340595" StartedOnTouchScreen="false" StartTimeRelative="PT6.4198§365">
</Phases>
</Stage>
- <Stage Trackingld="06d16b79-b264-4d95-8ab6-69ad4e7el6aal” StageType="Reaction >
<Notes/ >
- <Phase CompletionTimeUTC="2019-06-19T17:04:51.26917427" StartTimeUTC="2019-06-19T16:04:27.7831368Z" Name=""TrackingIld="b0c690ab-a55a-4e€90-a527-26cel25ec025" CompletionStatus="Succeeded”
CompletionTimeRelative="PT1H30.07941795" StartedOnTouchScreen="false" StartTimeRelative="PT6.59338055">
LJ <Notes/ >
- <TrendValues:>
="0C" ValueAtCompletion="60" ValueAtStart="25.3"
"54.64321" ValueAtStart="24.9"/>
300" ValueAtStart="0"/>
"g" ValueAtCompletion="20.125" ValueAtStart="19.625"/>
<\ Unit="ml" ValueAtCompletion="25.5" ValueAtStart="25"/>
</Trendvalues=>
- «OperationSequences>
- «OperationSegquence>»
- <AddAtOnceOperation CompletionTimeUTC="2019-06-19T16:04:27.85594137" StartTimeUTC="2019-06-19T16:04:27.85594137" Trackingld="3bed557f-a38f-4808-9eee-eec6df1336ec” CompletionStatus="Succeeded”
CompletionTimeRelative="PT6.6661855" StartedOnTouchScreen="false” StartTimeRelative="PT6.6661855">
<MNotes/>
- <TrendValues>
"oC" ValueAtCompletion="25.3" ValueAtStart="25.3"/>
'oC” ValueAtCompletion="24.9" ValueAtStal 24.9"/>
rpm” ValueAtCompletion="0" ValueAtStart="0"/>
"g" ValueAtCompletion="19.625" ValueAtStart="19.625"/>
<Vr Unit="ml" ValueAtCompletion="25" ValueAtStart="25"/>
</TrendValues>
- <Actualvalues>
<ReguiresUserInteraction>false</RequiresUserInteraction>
<Chemical Trackingld="ea90a5dd-ff72-4e32-983b-60812da158ef"/>
<Amount Unit="ml" Value="25"/>
</ActualValues>
</AddAtOnceOperation>
+ «Stir0Operation Compli TimeUTC="2019-06-19T16:04:32.91242797" StartTimeUTC="2019-06-19T16:04:28.003547Z" Trackingld="771c3fae-207a-4209-9659-ebb2641a9d89" CompletionStatus="Succeeded"
CompletionTimeRelative="PT11.72267165" StartedOnTouchScreen="false” StartTimeRelative T6.81379075" Comment="">
- <HeatCoolOperation CompletionTimeUTC="2019-06-19T16:04:46.9410176Z" StartTimeUTC="2019-06-19T16:04:32.9652874Z" Trackingld="35db950d-d9c0-4cb0-a0f4-b36f40ba81bb" CompletionStatus="Succeeded”
CompletionTimeRelative="PT25.75126135" StartedOnTouchScreen="false" StartTimeRelative="PT11.77553115">
<Notes/>
- <TrendValues>
<Tr Unit="
<Tj Unit:
<R Uni "300" ValueAtStart="300"/>
<Mru 19.625" ValueAtStart="19.625">
<Vr Unit="ml" ValueAtCompletion="25" ValueAtStart="25"/>
</TrendValues> o}

- <Actualvalues>
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L] Focused
Processing Snace - Data Standar e
3 Setup
EasyMax .
102 Description
Device EasyMax 102 (Serial #: 12345678 / Firmware: 6.1.0.523)
Reactor 100 ml
sti Overhead (Pitched-blade down (circularsegment), C22, @ 38mm / Magnetic drive shaft, C22, Length
e 129mm)
Dosing Unit 1 (30 ml)
Tr Sensor, pH Sensor
EasySampler (Serial #: BOD1000001T)
- Quench solvent: OBenzene
Other - Dilutien solvent: DXylene
- Reaction solvent: RToluene
- Probe type: Type210
- Probe serial number: BOD1000001
- Probe pocket size: 15 ul
Generated: June 20, 2019 09:25 1/4 MmlER TOLEDO
Experiment: Exp Test Ally May 2019
Started: June 18, 2019 17:04 Author:  Ally.Mac
4 Recipe
# Action / Note / Sample Start Time End Time
1 Start of experiment on 19/06/2019 at 17:04:22 with thermostat off | 19/06/2019 19/06/2019
and stirrer off 170422 1704:27 p
3 | inert 19/06/2019 fsﬁﬁ
17:04:27 ]
19/06/2019
3 | Add 25 ml of Ethanel at once 17:04.27




Processing Space - Data Standard SR wes

(v Equipment Preparation e e e e o e o = = -
~)Reaction Ve N

Phase 1: - Started: 17:04:27 - Completed: 18:04:51 - Duration: 01:00:23

"l Add 25 ml of
jldj| Ethanol at once

Analytical XML

Started: 17:04:27
Completed: 17:04:27

Ramp stirrer speed
cJo to 300 rpm

Started: 17:04:28
Completed: 17-04:32

+ Heat Trto 60 “Cas
& fast as possible

Started: 17:04.32

Completed: 17-04:46

Analytical XML

Analytical XML

jld Seedatonce

Started: 17.04:46
Completed: 17:04:50

| Wait 60 min

Started: 17:04:51
Completed: 18:04:51

) Mixture Preparation
'~) Crystallization

[ . T I

I
|
1
|
|
|
1
|
|
|
1
) A9 500ms of AZD 1
|
|
1
|
|
|
1
|
|
\

Phaze 1: - Started: 08:24:10 - Completed: 0%:24:21 - Duration: 01:00:10

~

Experiment

W Dose 10.00 ml of S Cool Trio 15 °C
fIR4J Substance 1over & over 60 min
20 min using DU

Started: 08:24:10 Started: 08:24:10 o e e e e e e e e e e e e e e e e e e -

7

-

Completed: 08:44:11 Completed: 09:24:21

Knowledge XML

Take M 1
'ﬁ Saa;pleanua

Started: 08:44:11
Completed: 03:07:02




What now?

The challenge is
clear and accepted

» Taking the best pictures we can, right now

Cross fertilisation of
technologies

Application of
Al/ML is just at the
beginning
Data streams are

bigger than
People a.md institutions
Innovation

2000 2020 2040 C?

* Building the technologies to stick them
together

* One day a version of the D-a-M dream may
} come true.....

* Until then we are feeling the beneficial
impact of these technologies today.
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Confidentiality Notice

This file is private and may contain confidential and proprietary information. If you have received this file in error, please notify us and remove
it from your system and note that you must not copy, distribute or take any action in reliance on it. Any unauthorized use or disclosure of the
contents of this file is not permitted and may be unlawful. AstraZeneca PLC, 1 Francis Crick Avenue, Cambridge Biomedical Campus,
Cambridge, CB2 0AA, UK, T: +44(0)203 749 5000, www.astrazeneca.com



