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Building Drugs from Knowledge

Capturing Chemistry

“What you see is what you get”
In the world of mechanism and chemical
transformations

Dr. Stephan Schurer

Head of Intl. Sci. Content
Libraria, Inc.

sschurer@libraria.com
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in many companies only 20 to 40 % of existing knowledge is utilized

Distribution of Knowledge

others

12% _
in the heads of

the employees
42%

electronic
documents
20%

paper
documents
26%

Nachr. Chem. 2002, 12, 1416
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Pharmaceutical Industry

Challenges :

e Patent expiration of many drugs
* Increased R&D costs, but fewer drugs in pipeline
e Uncertainty of success - high attrition rate

* Retirement of researchers and job fluctuation

How to activate and utilize (and preserve)
knowledge as a resource
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Knowledge-Based Drug Discovery

Chemistry

Libraries

H

\/_-

Enumeration

Software

Public and proprietary data archive

LUCIA™

Seo——

‘ Selection / Optimization \

QSAR Models

ADME Models

Tox Models
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"I think having breadth in chemistry is the
way to go" (with respect to identifying

muile lead seres) Enumeration Engine

Chris Lipinski, DDT Jan 2003 interview

e Interprets reaction mechanisms
» Multi-component reactions
« Rearrangement reactions
 Intramolecular reactions — cyclizations

« Complex multi-step transformations
Reaction step subseqguences
Generic stereochemistry

Multiple reaction sites

Multiple matches in building blocks
Product mixtures

Formation of stereoisomers

Salt forms of reactants / products
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"I think having breadth in chemistry is the
way to go" (with respect to identifying

muile lead seres) Enumeration Engine

Chris Lipinski, DDT Jan 2003 interview

e Easy to use
 All interactions via intuitive GUI
» Web-browser and drawing tool
* Interactive graphical debugging functionality
» Failed BB analysis o
» Synthetic sequences of individual compounds

* Fast
e 10K library — 2 minutes
e 100K library — 7 minutes
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"Where computational chemistry tools really
shine is capturing the types of functionality
you want to avoid and they are pretty good at

filtering b ty, but they d job of 1 -
taking into account, chemical feasibiity.” Chemistry Archive

Chris Lipinski, DDT Jan 2003 interview

* 14.600 Reaction transforms with detailed experimental procedures

* Reactions are categorized by mechanism and product type
» High throughput chemistry
» Kinase-related heterocyclic chemistry

2.3 Million Compounds

77 % unique compounds

60 % actual

40 % virtual

23 % duplicated compounds

(alternative reaction pathways)
35 % polymer-bound
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Demo Enumeration Sequence

ivO OPi - i
PivO v o N 0 PivO OPIv 0 R3O
/O + JJ\ + 7CEN_R2 + )J\ — /O Y 2
PivO NH, H™ R HO™ “R? PivO N\‘)J\N/R
OPiv OPiv 1 H
R
@)
2
HZN\‘)J\N/R
rt H
« Stereoselective multi-component coupling

(stereochemical induction)

» Generic stereochemistry
(chiral centers do not influence the reaction)

[}
‘;ii [l L1}
0
||'1||hu.

|| ‘
h



Demo Enumeration Sequence

CO,Me
é + ~ _R? —— JL/‘“ — ~ "N
R! N R1 o2 |
Rl AN R2
l/ [Rul== CO,Me
X, -OTs
[Ru]= NC
RL@[RU] -
NG CO,Me
l N/OTS
7 |
I R RIS g2
| /[RU] # 2 —

* Yne-ene cross metathesis
* Diels-Alder and double elimination
« Formation of isomeric product mixtures

N
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- LI
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CO,Me
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R
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Demo Enumeration Sequence

« Rearrangement via nitrene

(Stereochemical configuration is preserved)
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Another Enumeration Sequence

)R\l O
£ _Fmoc R? R?
HO,C™ "N R! R | N
: ; Q-+
Q-+ K
GNHZ - N N

RS
H Hozc/QN/FmOC
H
H HO,C—R*
R2 Rl" R3- . R4 4
| . R2 Rl ’/ R2 Rl' o @) R
N * | % | %‘/
G )N\/g DA O*N\)\N/\*/NH - OﬁN\[W){N)g/NH
X" N . HoRr? o H g
R
L RY R » Generic stereochemistry in reactions
EPL NN NJS « Side chain modifications in synthetic steps
X)\N\_R4 e &
Houghten et al J. Comb. Chem. 1999, 1, 195 ««£f=
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Side-Chain Modifications

/Boc R\ _Boc R\ .Me 2\ -Me

jj\ aIkyIat|on jj\ reduction :5\ cleavage

Ho e A — ) L
R Sl W o

Ot-Bu OH
9) — — —
5 , asd 5
N
S
/@/OI-BU /©/OH
— — — =
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Knowledge-Based Drug Discovery

QSAR Models

ADME Models

Tox Models E
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“Another recent theme is how to efficiently
capture chemical data from the literature,

especially in terms of constructing quantative SA R A h 1
structure-activity relationship datasets." r C I V e

Chris Lipinski, DDT Jan 2003 interview

e ~6K assay protocols with detailed experimental assay procedures

« ~300 kinase-related targets, categorized by mechanism
* SAR organized by assay type, target, etc.
* SAR grouped by binding-mode assay conditions

* Technology can capture SAR on any target / gene family

Kinase Gene Family

~50K data points

~16K unique compounds
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Integrated Computational Models

e E-screen/ QSAR models
» 12 quantitative e-screen models developed
2 binary models
« Data for 20 more models of kinase gene family targets

« Other calculated descriptors
» Molecular properties
* Lipinsky properties
« ADME models

e TOX

mrtabolinii
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Demo Enumeration Results and Analysis

Mdoleculeld:1 775742

MW 53903

CLOGE: 4831

TPSA; 122.04

RotBomds; 3

HBA: 5

FEESID: 3

Charge: 0
eABL 11 T 02-pval

ciereen: §ADE-bimry (- 0912245
= -1 -B-

eCDE =M -pvnd
eCTE2-E-pyvnl
eCDR4 - -pval
chereen: eCDES-poval (4 312520
ehereen gEGER-prval (3.00Wh31)
eLCE-pval

choreen ME_M {TTSIE)
eScreen rF]{E"-Ean (4, 7423538,

eScreen: eSRCpval (3.974903)
eScreen: e TYRE binary {1.016216)

O

L
S5 o

\:'IH

A

"L.J [ -.1 j||1
Maleculeld:1 775745
MW 528 82
MAME:

CLOGE: 4. 43%
TPSA; 152.29
RaotBonads: 3
HBA: 5
FLESDD: 3
Charge: 0
eABL 11 7 02-grval

-

ciacreen: ADE-bingary ( 030222
eCOE]-B-pval
eCDE2-A-pval
eCDE2-E-pyval

etcreen: eCDEA-D -pval (4. 945855

eferven: eCOES-poeal (4 38651

EBCroEn tEE::iFRp'-'ﬂ.] 4. T&TTE)

eloreen: glf :E'D"EJ [ 4,565 1"_]“*-::

eacreen & {

eScreen: ePROC- Ewrr] [4.554293)

EECrREnN tER{.'jﬂ (4. 3608 78]

efcreen: 1Y BE-hinary { #5395

09091 E}

Moleculeld: 1775747

WO 539,680

MAME:

CLOGT: 5.03%

TP3A: 118,38

BotBonads: 3

HBA: 4

FLEED: 3

Charge: 0
eABL 11 7 02-pval

ciereen: gADE-binary ( O15544])
eCDEL-B-pval
eCDK2- :'lﬂl

el DE2-E-pval

efcreen. eCDEA-D1 gval (4. 786528
clereen: eCDEY-pyval (4 502575)
e3ereen: ¢EGER-pval (4. 190692 )
ERCrEEn: m_l.'."-_ﬂ.] [, TAZTODY
edcreen: eP3 (7. 10325}
eScreen eF'I_'-tI:"-E'r |-L.1‘L-!-'Hi;-
eRCIeen eE!LL':Ht-al (A 41TI0E]
edereen: e TYRE-hinamy { 9645)

.

F
f

.
S
EFLII'I

et

i J
{:J | i
Moleculeld; 1 775753
MW 483 .82
MNAME:

CLAOGP: . 696
TPSA: 1% 15
RotBonds: 3
HEA: 4

FLIEES: 3
Charge:

ciereen: gADE-binary |

U DK 2-A-poval

el DR 2-E-goeal
eScreen: eCDES-D1-pval (4634595
efereen: oCDEY-pyval (4. 702122
efereen: ¢EGER-prveal (4.3 79848
edcreen: :I.EL_DLI]I {4.68THI5}
ESCreen: . {7 100818)
EScreEn EF'I\.I.' -Elﬂi 1,512 I- 1}
eScreen: eSRC-pyval (4 0881 38)
efcreen: e TYRE-binmiy | 1.02036%9)

DOEE14)

 Enumerated products can be committed to the data base or exported
« Compounds are analyzed by variety of integrated models

» Results are automatically sent to the user by email with a life link to the server
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Enabling Technologies

« DayCart 4.81 w/ program objects
« SMILES, SMARTS, SMIRKS

« Reaction toolkit 4.81

» Oracle 9

* Weblogic 6.0

e Misc. tools and utilities

» QuickProp fromSchrodinger

* Linux RDF automapper (Infochem)
 CSFC (SMILES depiction)

« MDL Chime Pro plugin
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Libraria’s Discovery Platform

Based upon accepted industry-standard database platform and
software (Oracle/Daylight)

Fully web-based to make technology available to bench chemists
Scalable, open and enterprise-wide architecture

Integrated, searchable archive of chemistry and SAR data with
increasingly valuable knowledge content

Intuitive technology for leveraging the medicinal chemist’s
conceptual capabilities in drug discovery

The knowledgebase-architecture is a growing repository of chemistry,
biology, and derived computational models — a learning machine — that
automatically develops and utilizes its predictive capability.
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Thank you
for
listening!
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