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National Center for Advancing Translational Sciences

Yor Arvarsing

 Founded 2004 as part of NIH Molecular My

Libraries Roadmap Initiative
* NIH Chemical Genomics Center (NCGC)
« MLPCN (screening & chemical synthesis;

compound repository; PubChem database; P
funding for assay, library and technology e |
development ) e =N,

« Develop new chemical probes for basic
research and leads for therapeutic
development, particularly for rare/neglected
diseases

Rrsmind 2y

 New paradigms & applications of HTS for mi
chemical biology / chemical genomics _
— ncats.nih.gov
« Incorporated into NCATS in January 2012 J =
L & M=




NCATS Mission

To catalyze the generation of innovative methods and technologies that
will enhance the development, testing and implementation of diagnostics
and therapeutics across a wide range of human diseases and conditions.




ASPIRE

A Spemahzed Platform for Innovatlve Research Exploratlon
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“Self-Driving Lab”

Implies a system that can autonomously learn and improve its function by analyzing and generating its own data.
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Schneider, G. (2019). Mind and machine in drug design. Nature Machine Intelligence 1(3), 128-130.
doi: 10.1038/s42256-019-0030-7.
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Modern Lab Bench

Space Chemistry??




Many Challenges in Automating Chemistry

Methodology

Physical Operations

Analysis

Informatics

Robust, efficient, safe, mild conditions and high yielding

Reagent delivery
Product Isolation (workup)
Evaporation (solvent removal or exchange)

Invasive (sampling, chemical derivation, e.g. TLC, HPLC)
Non-invasive (spectral analysis, UV-vis, FTIR, Raman, NMR)

Data mining, curation, and feature engineering
Contextual representation



ASPIRE

Collaboration-Oriented

ASPIRE’s Technology Ecosystem
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e
ASPIRE Next Gen MedChem Dashboard

“Complete Situational Awareness”

ASPIRE MOdUles ..“'.' ':.\ Saarch
. HCube Pro @ . Microwave Initiator . Weigh Station
H status UW status G m status
Location : C2 Hood 24 Location : C2 Hood 11 Location : C2 Hood 3
Availability Availability FREE
SPE Station Zaiput Extractor o Lyophilizer
Sp status Zp status Ly status
Location : C2 Hood 14 Location : C2 Hood 22 Location : C2 Hood 6

Availability Availability Availability

Batch Evaporator ® NMR ® e V-10 Pooling ®
\Y4 status m status status

Location : C2 Hood 5 Location : C2 Hood 14 Location : C2 Hood 16

Availability Availability Availability
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Facilitated Development & Deployment Through Azure IOT Platform

An Evolution from Research in Silos to
Research in Real-time!




ASPIRE — Automated, Closed Loop Processing

Biological q

In silico
Testlng Design @

ASPIRE )

Purlflcatlon Preparation

\.od

@ In silico Design

Target Design

Scored Synthetic Target(s)
Retrosynthetlc Analysis

@ Preparatlon

Reaction Setup
Reaction Control
Reaction Monitoring
Reaction Completion

3 lIsolation

Workup Selection
Workup Platform(s)
Purification Submission

@ Purification

Method Selection
Purification Platform(s)
Fraction Handling
Characterization

Delivery (Storage Logistics)
Reaction Outcome Reporting

(® Biological Testing

Assay Selection

Assay Platform(s)

Data Collection / Analysis
Knowledge Assessment

New Hypothesis (next iteration)
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A New Renaissance in Chemical Synthesis Automation
(In a Research Setting)

ASL Lilly Life Sciences Studio (L2S2)
2009 2020

Eli Lilly, Indianapolis, IN
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POD, Jensen Lab, MIT .

ChemPuter, Cronin Lab, Glasgow adial Synthesis, Gilmore

Lab, Max Planck Inst.
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The Value of Integration A ‘

Registration /
/" Biological Data Bloassays  ICEL Y

Purification / -
Evaporation F
: X
Analytical Data
Workup
f‘h? t

‘ X
Reaction Reagent Inventory Data
o _ o _ o Execution Dispensing
\/Value in improving efficiency in logistics L

Retrosynthesis

‘ ELN Data
Selection
w1l

|

M Ordering
Materials

X

L .
h—-

+/ Value in providing greater scientific connectivity & context
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Our Love-Hate Relationship with the Electronic Notebook

What we wish we had




Lots of other folks have been looking at this problem as well

eLNs
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Mining Electronic Laboratory Notebooks: Analysis, Retrosynthesis,
and Reaction Based Enumeration
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Big Data from Pharmaceutical Patents: A Computational Analysis of
Medicinal Chemists” Bread and Butter
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ELN Extraction - Raw Output

[ RXNSMILES ]

Metadata in RD file m m [Metadata ]

R I
L@m oger Sayle

Atom Mapping

, “Matching”

' “Complete”

' “Completer”

In SD file
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[ RXN Classification (Naming) }




Reaction Representation

 Reaction SMILES

0

0
)_I\ HCI/EtOH )L
-
e + H,C DACHJ

H,C OH H,C OH

OCC.CC(=0)0>[H+].[CI-].0CC>CC(=0)0CC  [f:2.3]

Ref: https://www.daylight.com/meetings/summerschool01/course/basics/smirks.html



https://www.daylight.com/meetings/summerschool01/course/basics/smirks.html

Reaction Ontology

« RXNO reaction ontology invented by Royal Society of Chemistry
 Ontology available at: https://github.com/rsc-ontologies/rxno
 Implemented by NextMove

« Can be utilized in curation and data mining

________

. 12 basic types [ Heterocyclic ring 1

formation

_______

\
N N N
\ . N AN
N // N\ N
A N
N ’ N N

————————————————————————————————
i \ i \ i \ i \
! 1 ! 1 ! 1 1 |
e 84 classes | | | | | | | |
! 1 ! 1 ! 1 I |
! 1 ! 1 ! 1 I |
! 1 ! 1 ! 1 ! 1
\ ! \ 1 \ 1 \ 1
B T e g

1 1 | N 1

I I | I

I I | I

1

________________

________________

+ L F ‘. S ‘. g ‘. : ‘.
’ 500 _ named Fisher indole : ; ! Suzuki reaction
reactions synthesis . ! . ! . ! ! !

________________

_______________

_______________
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Data Post-processing

Substance decomposition Compound decomposition

&

_ role assignment * X X ~ | Bemis-Murcko Scaffolds
Raw input S —
L i . = = = | Compounds

D e : = x = | Substances

S = | RXSMILES
sE = I i o "= | RXN Fingerprints
fowl REE TETE. R OF — .
= HEw= = 3 = ) ] = | Atom Mappings
® F E 5 = = | RXN Names
K = T L BEhE SEE = | Metadata

- -= = | RXID Mapping
Pipeline prototype in KNIME




Overall Process

ELN Extraction (~90K expts) ‘l@m

‘ Data Curation (~16K expts)  _~_ + )k . JL/“»

HE

‘ Data Processing  [@N=Z\ETatilg

‘ Database Upload NCATS

RXN

~ Reaction Analytics

Dashboard




Some Preliminary Observations

Most Frequently Utilized Reactions per Year
Reaction Name (Top 25% of 216) Reaction Class (Top 25% of 50)




Comparison of Name Reaction Frequencies

Top 10% of 210 Reactions - ASPIRE Top 5% of 505 Reactions - USPTO

2.1.2 Carboxylic acid + amine condensation 2663 2.1.2 Carboxylic acid + amine condensation 30395
1.3.7 Chloro N-arylation 1.3.7 Chloro N-arylation
. 2.1.1 Amide Schotten-Baumann
2.2.3 5ulfnnam!de Schotten-Baumann 892 6.1.1 N-Boc deprotection
2.1.1 Amide Schﬂtten-Bauma_nn 732 1.6.2 Bromo N-alkylation
6.1.1 N-Boc deprotection 708 1.7.9 Williamson ether synthesis
mm 11.6 Purification 539 7.1.1 Nitro to amino
1.6.2 Bromo N-alkylation 504 1.7.11 SNAr ether synthesis
3.1.1 Bromo Suzuki coupling 498 1.2.1 Aldehyde reductive amination
6.21 CO2H-EL d tecti a13 3.1.5 Bromo Suzuki-type coupling
- 0.L. ~EL aeprotection 2.2.3 Sulfonamide Schotten-Baumann
1.2.1 Aldehyde reductive amination 412 1.6.4 Chloro N-alkylation
W= 6.2.2 CO2H-Me deprotection 310 3.1.1 Bromo Suzuki coupling
3.1.5 Bromo Suzuki-type coupling 291 2.1.10 Carboxylic ester + amine reaction
- 0.2 Compound purchase 280 1.7.7 Mitsunobu aryl ether synthesis
= 316 Chl ’ suzuki-t l 219 1.3.8 Fluoro N-arylation
e 0ro Suzuki ypaj coup !ng 1.3.6 Bromo N-arylation
= 3.1.2 Chlurq Suzuki cuuplln_g 210 4.2.1 1,2,4-Oxadiazol-5-one synthesis
1.8.5 Thioether synthesis 204 7.4.1 Ester to alcohol reduction
1.3.6 Bromo N-arylation 159 2.3.1 Isocyanate + amine urea cuuplqng
2.1.10 Carboxylic ester + amine reaction J 158 7.6.1 Alklegi hf"g:g?:g:'é:gn
2.3.1 Isocyanate + amine urea cuupl!ng :f;_? 5.1.1 N-Boc protection
== 3.11.34 Knoevenagel c_cndensat!nn 1.2.5 Ketone reductive amination
7.1.1 Nitro to amino @ 108 1.8.5 Thioether synthesis
0 1000 2000 3000 0 10000 20000 30000 40000
Frequency Frequency
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Substance Synthesis Frequency Distribution
Closed Reactions Only (~4K expts)

Occurrence as product >=1

Occurrence as product >=3

mi
m2
m3
!

# Occurrence as Product

T T T T
3 10 15 20 25

# Unique Substances




Reaction Analytics Dashboard Web App Prototype

- C @ Notsecure | 165.112.226.175:8050
NaEBE>C X6 &0 - CYMFHCDONPWFL-UHFFF Sompound
‘.‘ i FXM ID | SMILES | InChi-Key

H FIND
& _ ) o
/J = Graph 1 Graph2
- . 500 500 *
+ o 400 400

° 300 300

B E T M

: - g i~

. 200 200 | N

a o 100

e
E o— & i - 0_.'. - - L= -
5 500 1000 o 200 400 ridn] ¢ yes
: !
Compound RX Type
NCGCRM-@@a3824 | 2818 5

= FEERGR NN ﬁ" - > Incecey-geemma | |

NCGCRX-291357
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Computational Platform to Support Chemistry Automation

Compound
Registration

Condition

Prediction

RXN .
&‘—‘ — L — B

Analytics

RXN

(Virscidian) emplating
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Reaction Analytics — From Information to Actionable Knowledge

Frequency Distributions: Reaction Networks:

» Reaction Type (overall or by year) » Average or median length of synthesis

» Reagent use by name or type » Longest synthetic sequence

» Reagent use by quantity » Reaction types represented / NOT represented
» (Catalyst use (most common vs least common) » Reactant diversity analysis

» (Catalyst use (by yield) « Total count & frequency

» Reactant use » Performance by functionality

Cross Comparisons with Inventory: Productivity Metrics:

» Reactants infrequently used or never used e Product production cycle times

» Use of rare (long lead time) reactants » Cycle time by reaction type

* Yield Distributions

ey
26 ,:" m lllllllll “anier
i Tor Achvancisg
lﬁb\% Translatics 'z/amn:cr.
=



Reaction Analytics by Platform (i.e. Target Space)

Reaction Networks:
How is our reaction space evolving over time?

* Average Q

* Longesj How would we like to see it evolve?

* Reacti _ _

e Reacta Where can we intervene most effectively?

What opportunities might we be overlooking?
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Reaction Templating

“How do we get reactions to automatically set themselves up?”

Think: Object + [Role] + Properties == Robotic Process

Features:

1) Reaction Ontology
2) Complete Reaction Annotation (“No atom left behind”)

3) Standardized Reaction Equations (scale-independent)
4) Machine-Interpretable Temporal Instructions




=
The Work Ahead

 Clearly defined annotation strategy for benchmark reactions
 Test how discretized scale factors will work in practice

e Complete the reaction template lexicon / graph

 Build and test the hardware specification map

 Detall module design and construction

 |ntegrate-test, integrate-test, integrate-test...



Presenter
Presentation Notes





Thank you!

Work presented here was supported in part by the Intramural/Extramural research program of the NCATS, NIH
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