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Fragments offer rational approach to identifying novel 
protein-small molecule interactions
Rational library size: broader chemistry space is addressed 
with fewer fragment compounds
Fragment library efforts and fragment-based discovery 
integrates effectively with ChemDiv library expertise and 
lead generation services
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Rational approach to identification of 
mode of protein-small molecule 
interaction
Rational size libraries for rational 
discovery
Find chemical starting points for new 
classes of targets
Tractable chemistry for generating novel 
IP and quick improvement of lead series 
profile 
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2003 2004 2005 2006 2007 20082002

Collaboration with 
Tudor  Oprea (AZ)  on 
“ rule of 3” / fragment 
based approach

ChemDiv 1st

generation of 
fragment based 
librar ies has been 
introduced on a 
market

ChemDiv fragment 
based librar ies as 
par t of “ focused 
diversity” approach

Fragment librar ies 
approach in ChemDiv 
Roadmap NIH 
initiative proposal

Design and collaboration on 
fragment librar ies for  NMR 
based screening (Univ of 
Nottingham, GSK, etc.)

Concept of “ fragment”
templates as par t of 
Chemistry on Demand 
program

New fragment 
templates and 
librar ies



� � � � %�"� � � � %�"� � � � %�"� � � � %�" ****���� � � � � � � � � 
� � � � � 
� � � � �� � 


�� � � � �� �� � � � � � � � 
� � � � � 
� � � � �� � 


�� � � � �� �� � � � � � � � 
� � � � � 
� � � � �� � 


�� � � � �� �� � � � � � � � 
� � � � � 
� � � � �� � 


�� � � � �� �

Design
Small molecules library for detecting “fragment – peptide”
interaction
• lead-like; privileged substructures; peptidomimetic recognition 

elements 
• From scaffolds to fragments and back

– Sampling space and directing fragment evolution

Curation
• Properties and moieties selection for efficient lead optimization

Development and synthesis
Multi-parametric optimization
• novelty, feasibility, cost, med chem tractability, quality

Application
Current and future library versions in lead generation



Knowledge
base

Recap-like 
dissection

Literature and annotated databases
Experimental data
Structural information and models

Ligand and structure

Population of fragments
for synthesis

2008-2009

Virtual 
scaffolds

Actual  novel
fragments
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Statistical selection
of privileged 
fragments

Virtual database of chemical fragments 
(MW 150:300)

Properties Curation
MedChem Curation (MCF)
Privileged and 
recognition moieties

Fragment generation
and prioritization

Scaffold generation
Fragment selection

Select refined 
scaffolds

Virtual 
screen

MedChem

Tractability and relevance (MCF)
IP, novelty
Synthetic feasibility
Reagents availability, cost

Virtual 
fragments

Actual archive 
scaffolds
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Access to 
databases and 
models:

Wombat, 
MDLCrossFire, 
Integrity, Prous, 
Genego/ GVK MCD, 
Molsoft ICM /PDB 
view,
ChemoSoft, Smart 
Mining, Cerius2, 
Discovery Studio, 
NeuroSolution,  
AutoDock, Surflex

Experimental 
data:

•Broad collaborations 
with NIH, FMP, CNIO 
and other screening 
centers
•Grant and non-profit 
contracts
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7. Quarternary nitrogen - 
       aliphatic carbon
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8. Aromatic nitrogen -
     aliphatic carbon

9. Lactam nitrogen -
    aliphatic carbon

 6. Tertiary/secondary
amine - aliphatic carbon

10. Sulphonamide
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4. Ether

(Het)

(Het)

(Het)

(Het)

  to be kept intact

X. Q. Lewell, D. B. Judd, S. P. Watson, M. M. Hann, J. Chem. Inf. Comp. Sci. 1998, 38, 511-522
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mol Polar surface area � 80 
Rings > 0
0 < NRB � 3c

clogPH-bond acceptors

Rotatable bonds Molecular Weight

1 � N +O <6 
S atoms < 3, Cl < 3, Br < 2, 
F + Cl + Br � 4 
non-H atoms � 20
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Acrylamides Vinylketones

Vinylsulphones
and similar

Ch N

Nitrovinyl
Vinylphosphonates

and  similar

Acrylonitriles

Maleimides
Vinylpyridines

and similar

Examples:
N

N MW 186 
ClogP 2.8

N

N

N

N

MW 246
ClogP 2.4

N
O
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MW 249
ClogP 2.5
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Properties
1 � HBA � 6
Solubility:
• water: logSW > -3

DMSO solubility
Novelty

By Beilstein/ SciFinder
summary score

Feasibility
Scaffold / library 
• follow up synthesis or 

“build out” optimization
Reagents cost
Pure available sample
• E.g. 20mg, >95% LCMS

Functional features to 
add fragments “friendly”
for 

NMR screening 
compatibility:
• The chemical shifts of 

protons in design 
molecules should cover 
the range from 0 – 12
evenly

• The molecule should 
posses both alkyl and 
aromatic protons

• “Marker atoms”, e.g. F
• Access to D, 13C and 15N 

labeled analogues
X-ray screening 
compatibility
• Heavy atoms
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F- and CF3-containing fragments 
for ligand-detected NMR Fluorine-based screening

Br-containing fragments 
for X-ray Crystallography-based screening
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N

N

Dopamine D2 agonists
Tachykinin NK1 Antagonists

alpha1 Adrenoceptor
Antagonists

PGE2 Antagonists
5-HT1d Agonists

Vasopressin V1A, V2 
Antagonists

CCKB Antagonists
5-HT2a Antagonists

muscarinic M1 agonist
etc

N
O

Dopamine D2 antagonists
Tachykinin NK3 

Antagonists
Neurokinin NK3 

Antagonists
etc

N

N

5-HT2 Antagonists
5-HT5a Antagonists
Chemokine CCR1 

modulator
etc

O

O

CH3

Tachykinin NK1 
antagonists

Kohonen Map:

Tachykinin NK1 Antagonists Muscarinic M1 Agonistsbbbb3-Adrenoceptor Agonists
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Example of docking using MolSoft ICM software
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Unnatural amino acids (� ,� ,� )
Arg, Pro, Asp, Glu
Recognition elements, e.g:

Turn-mimic (� ,� ), reverse turn
Dipeptides: AlaPro, GlyPro, ProVal
SH2 (cell-permeable analogues)

Privileged structures
Compounds with cis-configuration 
of amide bond 
Conformationally constrained 
amino acid fragments
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Examples of novel unique 7-membered azaheterocyclic systems
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R1a

R1b

R1c

R1d

R1e

R2

R3

R1 = H, Me, Hal, OH, CF3, etc
R2 = H, COOMe;
R3 = H, Alkyl, Acyl, etc

Scaffold for 250-300
compounds

Selected Fragment
for 5-15 compounds

synthesis

R1 R2 R3 MW ClogP HBD HBA RTB logSW Score

H H H 179 2.22 1 1 1 -2.05 +++

H COOMe H 237 1.61 1 3 3 -2.0 +++

H COOH H 223 1.15 2 3 2 -1.9 +++

3-OMe H PhCO 313 3.92 0 3 4 -3.2 ---

3-F H Et 225 3.0 0 1 2 -2.3 ++-
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R1e
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NH2

SH

R2

O

O

Br

R1 = H, Me, Hal, OH, CF3, etc
R2 = H, COOMe;
R3 = H, Alkyl, Acyl, etc

BB1

BB2

LiBH4

R3X+
BB3

BB1 and BB2 are readily  available building blocks

BB1, BB2 and BB3 are readily  available building blocks  

S

N
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R3a

R3b

S
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R1

R2

S
R1

R2 H

H

O

O

ON
N

+
N

R1 = H, Me, Et, etc
R2 = H, Me, Ph;
R3 = H, Alkyl, Ph, etc

+

BB1

NHR3aR3b

BB2

Beilstein / SciFinder
score 16 hits

Beilstein / SciFinder
score 3 hits
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[1,2]

[3]

[4]

Scaffold Structure

R2a
R2b

R2c

R2dR2e

N
N

O

R1

Scaffold_ID FR0028 Example Structure

N
N

O
F

242

Number of variation points 2

Residue Information

R1 = H, Me, Et
R2 = H, Me, F, Cl, MeO, CN, OH

Fragment Libraries www.chemdiv.com

Scaffold Structure

N
N

O

R1

R2

Scaffold_ID FR0029 Example Structure

NN

O

S

256

Number of variation points 2

Residue Information

R1 = H, Me, Et, i-Pr, c-Pr, Allyl
R2 = CF3, Hetaryl

Fragment Libraries www.chemdiv.com

R2= ArylR = CF3, Hetaryl

N

N

O

R

R2
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1. H2SO4

2. (CH3CO)2O

3. MeOH
4. SOCl2, CH2N2

5. MeOH/HCl
NaH

1. Br2
2.NaN3
3. AIBN, Bu3SnH

1. BH3-THF

2. Boc2O
H2, Pd/C

Scaffold Structure
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R2

R3

Scaffold_ID FR0110 Example Structure

N
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N
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O

212

Number of variation points 3

Residue Information

R1, R2 = H, Me, Et, i-Pr, c-Pr
R3 = H, Me, Et

Fragment Libraries www.chemdiv.com

Scaffold Structure
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O

O
R2

R3

O R1

Scaffold_ID FR0111 Example Structure

N
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N
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O

266

Number of variation points 3

Residue Information

R1 = Me, Et, i-Pr, c-Pr 
R2 = H, Me, Et, i-Pr, c-Pr
R3 = H, Me, Et

Fragment Libraries www.chemdiv.com

Scaffold Structure
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R2 R3a

R3b

Scaffold_ID FR0112 Example Structure
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225

Number of variation points 3

Residue Information

R1, R2 = H, Me, Et, i-Pr, c-Pr
R3 = H, Me, Et

Fragment Libraries www.chemdiv.com
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key building block



Scaffold Structure
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R1b

R2b

R1c

R2a

R1d

R1a

R1e

Scaffold_ID FR0001 Example Structure

N

N

N
H

F 217

Number of variation points 2

Residue Information

R1 = H, Me, F
R2 = H, Me, Et

Fragment Libraries www.chemdiv.com

N

N

N
R2aR2b

R1d

R1b
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R1c R1e

Scaffold Structure
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R2a
R1 R2b

Scaffold_ID FR0002 Example Structure
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272

Number of variation points 2

Residue Information

R1 = Me, Et
R2 = H, Me, Et, Pr, or cycle formed

Fragment Libraries www.chemdiv.com
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O N
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R2a

R2b

Scaffold Structure
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NO

R1a

R1b

Scaffold_ID FR0003 Example Structure

N

N

NO

259

Number of variation points 1

Residue Information

R1 = H, Me, Et, Pr, one Bn or cycle formed

Fragment Libraries www.chemdiv.com

N

N

NO

R1a

R1b

/  � � � 
� � +
� � � � � � � � 
� � 
� � � �� � 
� � � 
� 	 � � � � � �� ;/  � � � 
� � +
� � � � � � � � 
� � 
� � � �� � 
� � � 
� 	 � � � � � �� ;/  � � � 
� � +
� � � � � � � � 
� � 
� � � �� � 
� � � 
� 	 � � � � � �� ;/  � � � 
� � +
� � � � � � � � 
� � 
� � � �� � 
� � � 
� 	 � � � � � �� ;

Selection of 10 
members “fragment”
sub-libraries based 

on pre-validated 
200-300 

scaffold/library
space
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FR31
10- 20 compounds FR35

10- 20 compounds

FR47
10- 20 compounds

FR42
10- 20 compounds

FR38
10- 20 compounds

FR34
10- 20 compounds

FR48
10- 20 compounds

FR37
10- 20 compounds



FR49
10- 20 compounds
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10- 20 compounds

FR52
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Knowledge
base

Recap-like 
dissection

Literature and annotated databases
Experimental data
Structural information and models

Ligand and structure

Population of fragments
for synthesis

Available in 2008
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Statistical selection
of privileged 
fragments

Virtual database of chemical fragments 
(MW 150:300)

Properties Curation
MedChem Curation (MCF)

Fragment generation
and prioritization

Scaffold generation
Fragment selection

Select refined 
scaffolds

Virtual 
screen

MedChem

Tractability and relevance (MCF)
IP, novelty
Synthetic feasibility
Reagents availability, cost

2008 Fragment Library:
4,987 compounds
375 scaffolds
0.856 diversity 
coefficient
Average cmpd per 
scaffold – 8
MW < 301
cLogP <3
PSA < 80
HBA < 6
Rinds > 0
RB < 4

Validated “ fragment”
templates

> 2000
Newly designed 
scaffolds in 
development:

> 500



IP-Landscape Assessment 

Known Ligands/Scaffolds: 
Pharmacophore Modeling

2D/3D, Data-bases

Target Structural Information: 
X-ray/Models

Similarities/Differences

Hit Identification & Validation

“ Targeted Diversity” Approach
Targeted/Annotated + ” Serendipity” + 

Fragment-based, Natural-like 

Available

Hit to Lead

Ongoing Synthesis
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DiscoveryDiscovery Lead / CandidateLead / Candidate ClinicClinic

Fragment based
discovery 
approach was 
utilized in 
development of
1 of 4 
candidates
delivered to 
clinic in 2008 

Successful 
leads delivered 
for partner’s
Kinase, 
GPCR, ion 
channel and 
multiple other 
targets 

Successful hits
identified novel 
targets or 
novel 
chemistry 
starting points 
for “tough”
targets

The value of the  research tool is measured by  
results of its application: number of compounds 

entering clinic
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