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Thought-provoking impulses

 “The standard approach is to generate a QSAR model from
all structures that have already been synthesized and
tested, and then to use the model to predict for new
molecules.”

» Molecular Similarity is not working!

o “3D-QSAR is only applied at the end of a project when
every direction has been explored and nothing more could
be done.”

» 3D-QSAR is dead!
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QSAR datasets

 Public datasets

— Classical
* Selwood (1990)
» Steroids (1988)
— JMC-sets
« Sutherland (2004): ACE, ACHE, BZR, COX2, DHFR, GPB, THER,THR

» Cramer (2003):ice, thr, mao, hiv, a2a, d4, flav, cannab, acest, 5ht3,
rvtrans

— Others
e Jurs: Artemisin, PDGFR
* Tropsha: D1-Antagonists
e Scozzafava: HCAII
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QSAR & Similarity Descriptor: Topomers

« A topomer is a conformation of a fragment
— Whole similarity = Euclidian sum of fragment similarities

« How topomers handle 3D

— Structures oriented
« Overlay of open valences

— Single conformer
« CONCORD 3D structures
» Side-chain & chiral via rules, not energy

— Automatic 3D Alignments!

e Topomer similarity involves:
— Steric fields (as in COMFA)
— Rot.bond-attenuated atomic fields

e Feature matching (a bit like conventional 3D searching)
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Procedures Part 1. Construction of heatmap

Dataset with structures and activities

Calculate similarity distance matrix

A 4

Hierarchical clustering

y

Choose “best” level

y

Sort similarity distance matrix by
cluster membership

A

Graphical representation as heatmap
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Heatmap:

Examples: D4 / HCAII

d4_1 183 188 199 187 184

d4_2 176 179 188 177 175
d4_2 194 197 205 196 194
d4_2 199 201 209 200 198
d4_1 197 199 207 198 196
d4_2 290 290 290 287 286

D4 dataset:
piperazines
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196
158
153
174
203
201
288

D4_: D4_% D4_; D4_2 D4_7 D4_E D4_S D4_1 D4_ D4_1 D4_1 D4_1 D4_1 D4_1 D4_; D4_1 D4_¢ D4_E D4_€ D4_1 D4_z D4_1 D4_1 D4_: D4_; D4_z D4_; D4_1 D4_2

171 171 273
208 216 181 215 237 222 183 295 292 187- 272
200 186 177 207 237 193 179 295 291 173 194 201 274
196 182 172 203 236 189 174 297 292 176 198 195 277
213 200 191 220 243 206 193 301 300 151 195 152
216 207 195 223 233 214 197 303 297 272 158 171 187 194
215 207 193 221 231 213 195 302 297 271 155 171- 201 195
293 296 286 297 317 301 287 384 382 341 276 273 272 274 277

28 heterocyclic

HCAII-dataset: 150
sulfonamides from
combinatorial reaction of 25
sulfonamide compounds
reacted with a set of 4
sulfonyl chlorides and 2
acetyl chlorides



Procedures Part 1 (modified): Construction of heatmap

Dataset with structures and activities

A 4

Calculate similarity distance matrix

A\ 4

Determine centroid compound

l

Sort similarity distance matrix by distance to centroid compound

A 4

Graphical representation as heatmap
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Heatmap Examples: 16 datasets

 Three categories:
A. One big set
B. Few big subsets
C. Multiple subsets

topdist




Heatmap: Category A —one big set: rvtrans

e Common Core

O

e Centroid compound

OH



Heatmap: Category B- a few subsets: Selwood

e Centroid compound (15t cluster)
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Heatmap: Category C — multiple subsets: 5ht3

e Centroid compound
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e Structures from other clusters
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Procedures Part 2 : Quantitative Series Enrichment Analysis (QSEA)

Dataset with structures and activities

Calculate similarity distance matrix

A 4

Determine centroid compound

v

Sort dataset by increasing distance to
centroid compound

Take centroid plus two nearest
neighbours

: Add next negr_est Generate TopCoMFA
neighbour to training set

A A

Predict remaining dataset
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QSEA: Series Trajectory: Selwood dataset
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 Observables in series trajectory:

— Similarity (maximum distance within training set)

— Redundancy (crossvalidated r2 (g2))

— Predictivity (pred-r2 within distance-controlled set of test compounds)
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QSEA: Selwood

Q2 is going up and stays at ~0.4
* Predictions are controlled by

relative distance to the training
set

— Predr2m_1 2: all compounds
with 1.2 times maximum
distance of the training set

* Predictive r2
— builds up during first cluster

600

500 — Then disappears at transition to
200 2"d cluster

300 — Finally rebounds

200  “Well-behaved dataset”

100 — Continuous and independent

0 variation

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

1 ‘—qu
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V.U E IR TTAVEIRY  DEETTTeINNR
TopCoMFA Contours: Selwood

e All 31 compounds aligned
— Carboxylic-R-group on left — Amine-R-group on right
o Structures from two clusters readily identifiable
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QSEA: HCAI

e Combinatorial library
— One global series
— many local series
e Continuous increase of:
i HE L — Maximum distance within
Tfﬂ_'{f;li:’ i&i,ija’ |-|-| training set (brown curve)
L 5._!:"‘**‘% H“:.. — Redundancy (g2 — blue curve)
: — Predictivity (pred_r2 —
yellow/magenta curves)
08 700 o “Well-behaved dataset”
- o — Continuous and independent
0s il jzz variation

T 100

-0
1 10 19 28 37 46 55 64 73 82 91 100109 118 127 136
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QSEA: D1

700

| - 600
0.8 |
0.7 | 1 500
0.6 1 / 1 400
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First two clusters with consistent
behaviour

— Tetrahydro-isoquinolines with
two different substitution
patterns

Third cluster destroys
predictivity

— Benzodiazepines
Some outliers

— Thioxanthenes
Problematic dataset:

— Better divide dataset into
subsets



TopCoMFA Contours: D1

e Tetrahydro-isoquinoline
— Robust model
¢ Q2=0.81;
e 12=0.9,
o stderr=0.1
— Green contour around
pendent phenyl

indicates favoured
region

 Benzodiazepine

— Weakest compound
penetrates favoured
region of model
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QSEA: Guiding Synthesis: Selwood

» Highest activity (max_act)
associated with the center of the
dataset

* No incentive to move away from
center

— A new direction might be
desired to direct synthesis

600
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max_dist

max_act
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QSEA: Guiding Synthesis: Selwood

» Highest activity (max_act)
associated with the center of the
dataset

* No incentive to move away from
center

— A new direction might be
desired to direct synthesis

* Rollercoaster ride of activity
(act_next)

— Important points for SAR

8 600

7.5 500
7 400
6.5 300
6 200

55 100

5 0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
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max_act act_next max_dist




QSEA: Guiding Synthesis: Selwood

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

‘ max_act act_next max_pred max_dist

600

- 500

1 400

—+ 300

-+ 200

-+ 100

0
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Highest activity (max_act)
associated with the center of the
dataset

No incentive to move away from
center

— A new direction might be
desired to direct synthesis

Rollercoaster ride of activity
(act_next)
— Important points for SAR

Using QSAR aggressively:

— Report highest predicted activity
(max_pred) at each step

— QSAR would not have
suggested these compounds!

— Search large Fragment-DB
(Allchem) for better structures



V.V E DR TAEVEIRY TR
Procedures Part 3 : Fully automated TopCoMFA

Dataset with structures and activities

A\ 4

Calculate similarity distance matrix

A\ 4

Determine centroid compound

\ 4

Generate all possible 2-piece splits of centroid compound

For each centroid-split:
«find best matching 2-piece split of all other compounds
Collect splits with their distances
*Determine mean distance for all collections

A

Pick collection with lowest mean distance

A 4

Generate TopCoMFA
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Fully automated TopCoMFA: Applied to 24 Datasets

« Comparison of model statistics

1.00
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* Average g2 from literature: 0.61
« Average g2 from Auto-TopCoMFA: 0.54
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Fully automated TopCoMFA: Leave-some-out validation

o Split up datasets into training and test

— 24 datasets from literature
— 67% train / 33% test
— Repeat each one 10 times

o Use training set
— To determine centroid compound

— To generate TopCoMFA
— To predict test set
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V.V E DR TAEVEIRY TR
Fully automated TopCoMFA: LSO-Validation

] e >7,500 predictions

5 | . * Trapezoidal distribution of

3 residuals versus topomeric
distance reflects good
neighbourhood behaviour
of descriptor

residual
w

1 10 100 1000
topdist
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Fully automated TopCoMFA: LSO-Validation

« Comparison of prediction statistics

B SDEV(actual) O SDEP
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 Average SDEP is <1 with average SDEV of activities >1.3
 To be improved by QSEA
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Conclusions

 “The standard approach is to generate a QSAR model from
all structures that have already been synthesized and
tested, and then to use the model to predict for new
molecules.”

* Molecular Similarity works more often than not!

o “3D-QSAR is only applied at the end of a project, when
every direction has been explored and nothing more could
be done.”

 3D-QSAR can also be applied in early stages of the project
to identify turning points or to confirm known trends.
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