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DRUG DISCOVERY TOMORROW
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DRUG DISCOVERY TOMORROW
TWO APPROACHES TO SOLVING THE CHALLENGE OF DATA ACCESS
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EXAMPLE IMPLEMENTATION OF THE FEDERATED MODEL

|
FEDERATED MODEL :

| Expansion of the

. existing system by
CHEMISTRY integrating Reaxys

——] INTEGRATOR
Wi REAXYS/®N

] ) Existing system for
Analysis consolidating in-house

system structure and

bioactivity data

Storage and capture

Wi REAXYS

HOW YOU THINK HOW YOU WORK



THE REAXYS DATA BASE
CONTAINS ALL PUBLISHED AND HISTORICAL CHEMISTRY DATA

Compounds, substance property
data, preparations, reactions, and
bibliographic information...

...from 400 core chemistry journals
...from relevant chemistry patents

Manual extraction of all the data

Coverage of 500 property data fields,
from basics like boiling point or
melting point, via crystal data and
magnetic properties, to spectra

All together 750 million data points

Historical chemistry data...
...dating back to 1771

Wi REAXYS
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Aromatic Amination/Imination Approach to
Chiral Benzimidazoles

Felix M. Rivas, Anthony J. Giessert, and
Steven T. Diver*

Department of Chemistry, University at Buffalo, the State
University of New York, Buffalo, New York 14260-3000

diver@nsm.buffalo.edu
Received October 30, 2001

Abstract: The powerful Buchwald—Hartwig amination was
utilized for the construction of the benzimidazole nucleus
with the substituted nitrogen atom bearing a chiral sub-
stituent. A successive amination/imination was followed by
an acid-catalyzed ring closure step to give the benzimidazole
ring. The products were deprotonated and acylated at the
C2 position and could be alkylated on nitrogen to give chiral
benzimidazolium salts.

Imination/Transimination
Hl R? R‘IYF@ R |\Tr'ﬂ2

@NH Pd” cat ® @:NH NHOH @NH
Br M NHz

Scheme 1.

Ph

J“
Ph
mp 185—186 °C. Analytical TLC (5% MeOH in CHzClz) Rr0.29.
'H NMR (500 MHz, CDCl3) 4 11.18 (s, 1H), 7.82 (m, 2H). 7.69
(m. 2 H), 4.78 (app t. Jopp = 7.5 Hz, 2 H), 4.70 {quin, 1 H}, 2.13—
2.02 (m, 3 H), 1.90—1.79 (m, 5 H), 1.66 (m. 2 H), 1.47 (app sex,
Japp= 7.5 Hz, 2 H), 1.34—1.02 {m, 6 H), 1.00 {t, J= 7.5 Hz, 3
H): “C NMR (125 MHz, CDCls) 6 1409, 131.2, 130.9, 127.2,
127.1, 1139, 113.2.61.0, 47.3, 42.6, 31.4, 29.7, 29.1, 25.5, 25.4,
25.3, 196, 18.2, 13.5: FT-IR (KBr) 1556 cm™!; Low resolution
FAB-MS molecular ion caled for CygHzeNz(—1I) 285.2, found 285.2.
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EXPANDED BIBLIOGRAPHIC CONTENT IN REAXYS
SUPPORTING MULTI-DISCIPLINARY RESEARCH

 Bibliographic data from 16.000

periodicals covering chemistry and
related sciences have been loaded

into Reaxys

» This goes beyond journals and
patents, it includes conference
proceedings, business articles,

reviews etc.

old

Document Type <

by Value by Group

| artide 1090

| patent 32

Limit to Exdude

Wi REAXYS

HOW YOU THINK HOW YOU WORK

=)

new

Document Type F S
by Value | by Group

| artide 24314
L review 9875
L letter 1759
" note 1285
" editorial 1082
__| conference 1028
o

L) short survey 975

AGRICULTURAL AND
BIOLOGICAL SCIENCES

BIOCHEMISTRY, GENETICS
AND MOLECULAR BIOLOGY

CHEMICAL ENGINEERING
DENTISTRY

EARTH AND PLANETARY SCIENCES
ENERGY

ENGINEERING

ENVIRONMENTAL SCIENCE
IMMUNOLOGY AND MICROBIOLOGY
MATERIALS SCIENCE

MEDICINE

NEUROSCIENCE

PHARMACOLOGY, TOXICOLOGY
AND PHARMACEUTICS

PHYSICS AND ASTRONOMY
VETERINARY
ETC.



REAXYS-TREE AND AUTOMATIC INDEXING

THE NEXT STEP... COMING 2014

= Classes
H— ReaxysTree
EH+— W chemical reaction
+— M chemical reaction class
+— B chemical reaction product
+— H chemical reaction reagent
+— H chemical reaction starting material
E+— I chemical substance
+— 0 chemical substance by application
+— H chemical substance by authority
+— H chemical substance type
E+— I chemical substance property
H +— H bioactivity
FEl+— H electrical property
& +— B electrochemical property
+— M energy parameter
H+— Hl magnetic property
FEl+— B mechanical propery
E+— B molecular propery
H+— W optical property
H+— W phase property
Fl+— B phase transition
+— B safety property
H +— W solution behavior
H+— W sound property
+— M structure analysis
+— 0 substance spectroscopy
+— M thermal behavior
+— W thermodynamic property
+— M transport phenomene
El+— W procedure
H+— | calculation method
+— H crystal structure determination
H+— W electro-analytical method
+— M separation method
Fl+— B spectroscopical analysis
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Index for
chemistry terms

Add

chemistry relevant
keywords and
identified
chemical entities

Title/Abstract

The Biosynthesis of Aristeromycin. Conversion of Neplanocin A to
Aristeromycin by a Novel Enzymatic Reduction

Partially purified cell-free extracts of the aristeromycin producer
Streptomyces citricolor have been shown to catalyze the NADPH-
dependent reduction of neplanocin A to aristeromycin. Stereochemical
studies revealed that the reduction proceeds with anti-geometry and
involves transfer of the 4 pro-R hydrogen atom of NADPH to the 68
position of aristeromycin.

Reaxys Keywords: Aristeromycin - biosynthesis, enzymatic
reduction, Neplanocin A
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2
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Translate chemical HOCH,
names into
structures and make
them searchable HO OH
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FEDERATED SEARCH SYSTEM WITH REAXYS LOOK-UP
ACCESS TO REAXYS IS VIA THE REAXYS APPLICATION PROGRAMMING INTERFACE (API)

0 rioeh | Farge | Resuk

Federated

WREAXYS' J——

¥ b 8 Sy i

Search Engine

| Reaxys APl o ® ‘

Reaxys

In-house § In-house
data data

Wi REAXYS
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How should
the API look

like?




THE REAXYS APPLICATION PROGRAMMING INTERFACE (API)
LESSONS LEARNED

Customers want to have access to all data in Reaxys
» Substances and substance property data

» Reactions and reaction details

» Citations

Customers want to have access to all functionality of Reaxys

« Exact structure and reaction searching, similarity and substructure searching
» Factual queries

» Further processing of hitsets

The Reaxys API was designed to be based on exchanging XML code between the user
and the Reaxys server via HTML POST requests

Security and usage tracking is an issue
» Secure communication via HTTPS POST is supported
» The Reaxys API is stateful, and login is required

Wi REAXYS
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LIMITATIONS OF THE FEDERATED MODEL
SOME DISADVANTAGES TO CONSIDER

|
FEDERATED MODEL : Performance and
|

availability of the
CHEMISTRY system is dependent on
—— INTEGRATOR the source systems

Wi REAXYS

i

RO G GBI Analysis No clean-up and
<j| system normalization of the
In-house | i i data
‘ In-house]
] - Architecture allows easy
SELN | User expansion when new
—== data source becomes
. . : available
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EXAMPLE IMPLEMENTATION OF THE WAREHOUSE APPROACH

Bioactivity data was
normalized, and
structures were de-
duplicated

A customer set up a
system that contains
structure and bioactivity
data, and IP information

CHEMISTRY
INTEGRATOR

Analysis
system

All data was extracted,
translated and loaded to
fit into one unified data
model (UDM)
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http://upload.wikimedia.org/wikipedia/commons/a/a1/Chembl_logo.png
http://upload.wikimedia.org/wikipedia/commons/a/a1/Chembl_logo.png

PLATFORM FOR STRUCTURE AND BIOACTIVITY DATA
STRUCTURE DATA FROM REAXYS COMES FROM THE REAXYS STRUCTURE FLAT FILE

Various Data
Sources

DrugBank

SFF

ChEMBL

ChEBI

In=house
data

Structure data
from Reaxys

WREAXYS

W YOU THINK HOW YOU WORK

Data Warehouse

compound + protein +
bioactivity

Patent data
compound + protein

Data on metabolites
and known drugs
compound + metabolization

Available and synthetically
accessible chemical space
compound + reactions

Chemical Space
Interesting compound
(e.g., hit from a virtual screening experiment)

o Patent Data
a @
Data on metabolites
and known drugs
@

Available and synthetically
accessible chemical space

Interesting compound’s structural
neighbourhood contains close analogues
that can be purchased or synthesized, where

or patent data is available, or that are
metabolites or known drugs



LIMITATIONS OF THE OF THE WAREHOUSE APPROACH
SOME DISADVANTAGES TO CONSIDER

|
: WAREHOUSE APPROACH
|

CHEMISTRY

INTEGRATOR

I
I

_ i Capture
Long implementation Analysis :
time and associated high system ' — —
cost ,_ TR

Difficult to \
accommodate User —
differences or changes

in data types :
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EXAMPLE IMPLEMENTATION OF A FLEXIBLE APPROACH
A CONTENT INTEGRATION SOLUTION THAT IS NOW AVAILABLE TO ALL REAXYS USERS

|
FEDERATED MODEL : WAREHOUSE APPROACH
|

Real-time commercial CHEMISTRY

availability and pricing INTEGRATOR ——
information comes via /oo - Ni REAXYS
an eMolecules API O

Wi REAXYS

Capture

Storage and capture

— PubCJhem
eMolecules Structures/™
Structures
Structures from Using multiple
PubChem and User storage systems
eMolecules have been eliminates the
integrated into Reaxys : need for one UDM
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HOW YOU THINK HOW YOU WORK



e \ ’:):. ' https://www.reaxys.com/rez O ~ @ B & X ' Reaxys

WiREAXYS

Query

Reaxys PubChem

Results | Synthesis Plans

eMolecules

.

Results are available from
different data source tabs

Welcome to Reaxys
Anonymous user (145.36.235.1)

LS

ELSEVIER

I I“Té;, Open Analysis View

P

= |

Query bdz2 substances
H, CH,
a M (] N
:Qr- N
TLLp T
HyC” H H,C” H
CH, o CH,
Create Alert
682 substances out of 2102 citations
Filter by:

Sub-structure
Molecular Weight
Mumber of Fragments
Physical Data
Spectroscopic Data
Bioactivity

Matural Product
Availability

Availability in other DBs

Document Type
Authors

Patent Assignee

H MM MW

H

—

]

1

Substances (| . .
4[1 The substance crosslinking

icon allows to switch to

n

Synthesize | Sho

e

5

=

‘ sl corresponding substances in
other data sources

o U T
T | | 4 Reaxys Registry Mumber: 17705
H.C CAS Registry Number: 53-08-2
0 M

Type of Substance: heterocyclic

Molecular Formula: CzHiaMN+02

Linear Structure Formula: CsH{CH3)30:Ms

Molecular Weight: 194.133

InChi Key: RYYVLZVUVIVGH-UHFFFAOYSA-N

Reaxys
PubChem
eMolecules

-purine-2,6-dione,
& potassium-salt
y- frans

go to F'age{je Page 1 of 75 w

1

No of References [w|JL 4}

i ‘ N= of preparations

Al Preps | All Reactions

117 prep
out of
705 reactions.

no reactions.

Available Data

Identification
Physical Data (747)
Spectra (255)

Bioactivity/Ecotox [1614)

Use/Application (954)
Matural Product (57)

Identification
Physical Data (5)

M®° of ref.

1891
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WiREAXYS wocmers s | L

Anonymous user (145.36.235.1) ELSEVIER

Query | Results | Synthesis Plans
Results are available from
PAXYS ubChem eMolecules .
Remas | P . different data source tabs

Query bdz2 substances

CH,
g
I
«H M
H,C '
a CH,

cH,

Create Alert

I I“Té;, Open Analysis View

682 substances out of 2102 citations

Filter by:
v Substances (Grid) | Substances (Table) | Citations gotoPagd | @) Page1of76 ((UD

Sub-structure

E = ] =
: + & | & & Sort by | No of References [+|dJL 4¢
Lirnit ko~ Exclude  Cukpuk Prink Zoorm in | Zoom out Hide

N= of preparations
Al Preps | All Reactions

Molecular Weight

Mumber of Fragments

‘ Structure ‘ Structure/Compound Data Available Data

Physical Data

Chemical Name: 117 prep Identification
caffeine out of Physical Data (747)

CH,
4] il 0] .
‘}1’ R 705 reactions. Spectra (255)
N | > Reaxys Registry Mumber: 17705 Bioactivity/Ecotox [1614)
H.C” N,, CAS Registry Number: 58-08-2 Use/Application (954
]
| e H |

DmnafSubstanannheterocyclic Natural Product (57)
gH 10402

Filter for substances that | cHiczoan.

$.193

are/aren’t contained in MIVGH-UHFFFAOYSA-N
Documen other data SOUI’CGS

Authors

Spectroscopic Data
Bioactivity

Matural Product

H M HOH O H MW H M

Availability
Availability jp other DBs

no reactions. Identification
- | 1,3,7-trimethyl-3,7-dihydro-purine-2,6-dione, Physical Data (5)
. N T,I-F - caffeine; compound with the potassium-salt
Patent Assignes ¥ ) = offthe/ {15)-3=(3,4-dihydroxy-frans- .
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WiREAXYS wocmers s | L

Anonymous user (145.36.235.1) ELSEVIER

Query | Results | Synthesis Plans
Results are available from
PAXYS ubChem eMolecules .
Remas | P . different data source tabs

Query bdz2 substances

CH,
g
I
«H M
H,C '
a CH,

cH,

Create Alert

I I“Té;, Open Analysis View

682 substances out of 2102 citations

Substances (Grid) | Substances (Table) | Citations gotoPagd | @) Page1of76 ((UD

Filter by:

Sub-structure

W

I—P E = [ =) @, @, Sort by | No of References [+|dJL 4¢

Molecular Weight Lirit ko | Exclude | Qutpat | Prink | Zoomin Zoom out Hide

Mumber of Fragments N= of preparations

Bl = e e

‘ Structure ‘ Structure/Compound Data
Physical Data

Chemical Name: 117 prep Identification
caffeine out of Physical Data (747)

CH,
4] il 0] .
‘}1’ R 705 reactions. Spectra (255)
N | N> Reaxys Registry Mumber: 17705 Bioactivity/Ecotox [1614)
H.C~
[ ) - H |

CAS Registry Number: 58-08-2 Use/Application (954)
R ket Fir0 Oy i Matural Product (57)
. gH10MN402
Filter for substances that |w: cricrizon.

Availability in other DBs 4,193

e » are/aren’t contained in IVGH-UHFFFAOYSA-N
[ pubChem other data sources

eMolecules
{no entry given)

Spectroscopic Data
Bioactivity

Matural Product

H M HOH O H MW H M

Availability

no reactions. Identification
G | 1,3,7-trimethyl-3,7-dihydro-purine-2,6-dione, Physical Data (5)
N T,I-F - caffeine; compound with the potassium-salt
) = offthef (15)-3 =(3,4-dihydrony- frans .
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WiREAXYS

Results | Synthesis Plans

Query

Reaxys Pu Iﬂ'lem

History | Report | My Alerts | My Settings | Help

eMolecules

Welcome to Reaxys
Anonymous user (145.36.235.1)

Register

ok It

ELSEVIER

Login =

Create Alert

bdz2 substances

CH,
g
I
«H M
H,C '
a CH,

Filter by:
Sub-structure
Molecular Weight
Mumber of Fragments
Physical Data
Spectroscopic Data
Bioactivity
Matural Product
Availability
Availability in other DBs

Document Type
Authors

Patent Assignee

H MM MW

H

I I“Té;, Open Analysis View

P

= |

682 substances out of 2102 citations

go to F'age{je Page 1 of 75 w

— The commercial availability |
icon allows to check real-time

Molecular Weight: 194.133

3k

Show Details

Available thro

| 3::193

(5 CambridgeSoft ACX

L A-dihydrowy- frans

fine-2,6-
with the potassium-salt

sortby  No of References [w|JL 47

N= of preparations

pricing information from Al reps | All Reactons | Avalable Data
eMOleCU leS 117 prep Identification
out of Physical Data (747)
| *T’ | ".> 705 reactions. Spectra (255)
X Reaxys Registry Mumber: 17705 Bioactivity/Ecotox [1614)
] oo N,, CAS Registry Number: 58-08-2 Use/Application (954)
1 0 CH, Type of Substance: heteracyclic Matural Product (57)
n Molecular Formula: CaHiaM+02
- A Linear Structure Formula: CsH{CH3)30:Ms

-UHFFFAQYSA-N

Identification

no reactions.
dione, Physical Data (5)

M®° of ref.

1891

m
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Query | Results | Synthesis Plans

Reaxys PubChem eMolecules

History Report

My Alerts

My Settings | Help

Welcome to Reaxys
Anonymous user (145.36.235.1)

ELSEVIER

Register | Login

Query
cH,

311 substances
CH,

;
“'C‘“)%”j“}
A
0PN
o,

CH

Create Alert

311 substances

I I“Té;, Open Analysis View

Filter by:

Sub-structure

W

| Lirnit ko

| Structure

0 o,
Hic'NJ\,[ N}
Il 2
oﬁl“rg "N
CH,
[

Synthesize | Show Nameas

Molecular Weight

Exclude  Cutput

Mumber of Fragments

Availability in other DBs

Substances (Grid) | Substances (Table) |

go to F'age{je Page 1 of 35 w

(=
u
2oorm in | oo out

| Structure/Compound Data

()
S | @&
Print

Sort by | PubChem ID

Hide

Chemical Name:

1,3, 7-trimethylpurine-2,6-dionz

PubChem Compound ID: 2519

l“!u-lecular Formula: |

Horenirwean| PUDChem property
Inchikey: 28 headers with direct
links to PubChem

Chemical Name:

[=]& &

| Available Data

Identification

Safety and Handling
Pharmacology

Exposure Standards and
Regulations

Monitoring and Analysis Methods
Literature

Biological Test Results
Biomolecular Interactions and
Pathways

Use and Manufacturing
Biomedical Effects and Toxicity
Environmental Fate and Exposure
Potential

Identification




FLEXIBLE APPROACH FOR INTEGRATION
LESSONS LEARNED

» Reaxys has proven to be extremely powerful as analysis and database system

» Separation of the data from different data sources into multiple storage
systems is the way to go...
» ... if a powerful crosslinking mechanism is in place

« Some pieces of information that are subject to frequent updates should be
integrated using the federated model

Wi REAXYS
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EXAMPLE IMPLEMENTATION OF A FLEXIBLE APPROACH
A CONTENT INTEGRATION SOLUTION THAT ELSEVIER BUILT FOR ROCHE

|
FEDERATED MODEL : WAREHOUSE APPROACH

5
Wi REAXYS

Capture

CHEMISTRY
INTEGRATOR

Reaxys with PubChem
and eMolecules
integrated

Storage and capture
——

eMolecules
Pricing

Integration of Roche
proprietary data on
chemistry experiments I

Structures/™

eMolecules
Structures

Wi REAXYS

HOW YOU THINK HOW YOU WORK



INTEGRATION OF ROCHE IN-HOUSE DATA
THE SITUATION AT ROCHE YESTERDAY... AND TODAY

Roche data Commercial data Internally hosted Roche-optimized Reaxys
ELN DB DB#1 “Roche private” “Licensed”
DB#2
ELAN DB#3
KiloLab DB DB#5
One coherent One coherent and
BioCatalysis DB#6 and unified unified database
database for for Roche
Databases hosted internally Roche content licensed content

External databases, e.g.

REAXYS

Wi REAXYS
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Wi REAXYS

Results

Synthesis Plans My slerts

Licensed | Roche

| - )
483147 reacts

History

Query

Reaxys

Query

No s;i Lmi)e &t o m

Create Alert

o

Filter by:

Up to four Roche reaction
- =1 data sources are supported

Roche-specific data is included in
the Output (PDF, MS-Word etc.)

Logout

go to Page ° m Page 2 of 53683 w

Sub-structure

8 @ | & &

Print  2oomin Zoomout  Hide

wi =
| Lirnit ko~ Exclude

Filters on
Source Roche-speC]f]C

Identifiers . Y%
vty 1 ther D65 data fields ot -

o> B 2a &>aa

Synthesize Synthesize Synthesize

Vield Output

Record Type

Experiment Type

Document Type

in water; acetonitrile

Normalized
Roche-specific
reaction data

Show Experiment Procedure

Experiment Type: D
Identifier: 7°
Source: ¢

Sort by | Roche-ID

=% ¢

 References{Experiments

Data on references
and/or experiments,
including PDF links

Experiments

Producer: "' |

Scientist: L.

Experiment: E

Project: T~ i y
Created: 2012-12-12 10:58:23
Modified: 2012-12-13 08:16:18




€5 # Rems
REAXYS

Query | Results | Synthesis Plans | History | My alerts | My Settings | Help Logout

Licensed | Roche

[ .
Query 483147 reacts

No s;‘ LiLtE)'E &t o m

Create Alert

483147 reactions out of 3264 citations

T — A ‘ 1 The reaction crosslinking icon

= A Roche icon allows & .= = allows to switch to
Record e to switch to a Roche corresponding reactions in other

Experinent Type in-house repository “ | data sources

Source
Identifiers
Availability in other DBs L X =

Y10 2a &>aa ¥

Synthesize Synthesize Synthesize Find similar reactions

Filter by:

Document Type
Authors
Journal Title

Producer: "

Publication Year Show Experiment Procedure Scientist: L.
Experiment: E

Experiment Type: D ) Project: T+ [ )
Identifier: 7- [ Created: 2012-12-12 10:58:23
Modified: 2012-12-13 08:16:18

in water; acetonitrile Experiments

Source: ©
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Synthesis Plans | History | My alerts | My Settings | Help

Licensed | Roche

Logout

[ .
Query 483147 reacts

No s;‘ uct E)'e

Create Alert

= o

483147 reactions out of 3264 citations

Filter by:
Eadl Reactions | Citations

Sub-structure _

Record Type . Yield | Conditions

Experiment Type N
Source L@
Identifiers
Availability in other DBs -

L Ko
Gy B EY

Synthesize

+
B8

Synthesize Synthesize

Document Type
Authors
Journal Title

in water; acetonitrile

Publication Year Show Experiment Procedure
Experiment Type: D
Identifier: 7-

Source: ©

=3=2]

— Start building a synthesis tree by
Vield l_’ Lifr:it-to E;u o«@;\x P%t Zo?n\in Zog\ CliCking on the SyntheSize link

CESIEXp g

A

Find similar reactions

Experiments

Producer: "

Scientist: L.

Experiment: E

Project: T+ i y
Created: 2012-12-12 10:58:23
Modified: 2012-12-13 08:16:18

2053683 QD
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REAXYS

Query | Results | Synthesis Plans | History | My Alerts | My Settings | Help

Synthesis 1 & I

R » & | 8 B | @O B

MNew Undo Open Save Rename Duplicate Output

8§ o0 oo & ez

Print Left Right Resize  Thumbnail

The first step of the synthesis
plan is selected from the

=¥
&> BEY

Synthesize

Roche data source

ected details Hide all details

Show all details

Licensed | Roche

Filter by:
Sub-structure
Yield | Conditions
Record Type :
Reagent/Catalyst
Solvent
Reaction Type

o=

@ Q| E

Zoom in Zoomout  Hide

379 reactions out of 302 citations

Sortby Reaxys-Ranking MR

gotorage]  |@) Page 10f43 O
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REAXYS

Query | Results | Synthesis P A d d ettings
' a second =
Synthesis 1 & Step
) - B 19 in i £ el
MNew Undo Open Save Rename Duplicate ©u » i ( Resize Thumbnail
Y

Help Logout
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