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• Going to present Powerpoint slides, then live demos with MCPairs
Online in Google Chrome

• What MCPairs gives to the experienced medicinal chemist?
• From SAR to Matched Molecular Pair Analysis
• How MCPairs works?

• SAR analysis with Compound-To-Pairs
• Testing your ideas with SpotDesignTM

• Ideas and new directions with RuleDesign

For the training today:
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What does a project need?

GAINS
• New ideas
• Clearly 

describable plans
• Maximizing value 

from testing

PAINS
• Pursuing dead-end 

series and projects
• Running out of time or $

ESSENTIALS
• Improved 

compounds 
quicker

• Applicable ideas
• Confident design 

decisions
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Training will use a literature example

http://dx.doi.org/10.1021/jm301762v

Download%20paper
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Capivasertib (AZD5363) – AKT inhibitors

AKT pIC50 7.89 (13nM)
LogD 2.9
Sol (pSol) -5.3 (5 – 150µM)
hERG pIC50 5.2 (5.2 µM)
Potent enough
hERG and improved 
solubility

DpIC50 + 0.2
DLogD - 0.2 (?)
DpSol + 0.5
DhERG ~ 0.2

DpIC50 ~ 0.0
DLogD - 0.3
DpSol + 1.4
DhERG - 0.5

0 F%
High Cl

CHEMBL598194

AKT pIC50 8.4 (3nM)
LogD 2.5
Sol (pSol) -3.1 (780µM)
hERG pIC50 <4.0 (>100 µM)
Potent 
No hERG and improved 
solubility

CHEMBL2325741

CHEMBL2325742

CHEMBL2325729
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A B pSol A (μM) pSol B (μM) ∆pSol

- 4.1 (77 μM) - 3.1 (870 μM) 1.0

- 6.0 (1.0 μM) - 3.7 (178 μM) 2.3

-5.7 (2.0 μM) - 4.1 (82 μM) 1.6

3 pairs +ve Sol
Median 1.6

CHEMBL2325741CHEMBL2325742

From SAR to MMPA…..

CHEMBL3356658 CHEMBL218767

CHEMBL456322CHEMBL456802

MCPairs Rule finder required 6 matched pairs for 95% confidence 



Not for circulation

Exploiting medicinal chemistry knowledge to accelerate projects June 2020Exploiting medicinal chemistry knowledge to accelerate projects June 2020

Not for circulation

From SAR to MMPA…..

Actual Rule from MCPairs
Endpoint:
Aqueous Solubility at pH 7.4
[CHEMBL2362975]

n-qual 69 
n-qual-up 47
n-qual-down 21
median ∆pSol 0.26
std dev +/- 0.636
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Identify and group matching SMIRKS 

Calculate statistical parameters for each unique 
SMIRKS (n, median, sd, se, n_up/n_down) 

Is n ≥ 6? 

Not enough data: 
ignore transformation  

Is the |median| ≤ 0.05 and the 
intercentile range (10-90%) ≤ 0.3? 

Perform two-tailed binomial test on the 
transformation to determine the 

significance of the up/ down frequency 

transformation is 
classified as ‘neutral’ 

Transformation classified as 
‘NED’ (No Effect Determined) 

Transformation classified as 
‘increase’ or ‘decrease’ 

depending on which direction the 
property is changing 

pass	fail	

yes	no	

yes	no	

Rule selection

0 +ve-ve
Median data difference

Neutral IncreaseDecrease

NED

• No assumption of normal 
distribution

• Manages ‘censored’ = 
qualified / out-of-range 
data

Leach et al. J. Chem. Inf. Model. 2017, 57, 2424 - 2436 
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Exploiting data derived ADMET Knowledge

Measured Data
(MedChemica’s DB + 
Organisational DB)

rule 
finder

Exploitable 
Knowledge

RuleDesignTM

Problem molecule

Solution molecules

Matched Pairs 
pair 

finder

Benchmark 
molecule

Idea molecule

SpotDesignTM

Compound 
to Pairsmolecule

paired 
molecules

data

data

data

RF and kNN
model build

Pharmacophore / 
Toxophore models

predicted 
potency

molecule

pair 
finder

rule 
finder

User-inputted 
measured data

User-specific 
Matched Pairs

User-specific 
Rules

pMMPA Permutated 
molecules

DATABASE TOOLS

MyPAIRS
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Exploiting data derived ADMET Knowledge
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Exploiting data derived ADMET Knowledge
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• Input chemical name for lead molecule CHEMBL2325997 
– Choosing the property to improve (setting the Goal)

• Find Phys_Prop -> Solubility (Broad Goal)
– Filtering the results down by substructure and phys-props
– Export the results – controlling the output
– Exploring results in Excel

• what do the numbers mean?
• How do I use these to make a knowledge based decision?

– Drilling back to the original source (looking at the matched pairs)

Exercise – New Idea based on rules (Show me the Gems’!)
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Icon indicates that these 
tools use the central 

database of knowledge
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Rule Design

Copied from 
SpotDesign

Goal from 
SpotDesign

Check the 
direction

GO!
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Save Your 
results

Focus your 
design

Rule Design
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TopTip : Other methods to get a structure in

• Pasting structures in and out
Click blue 
triangle 
square
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TopTip : Other methods to get a structure in
• Upload a file of multiple compounds

• File can contain compounds + measurements or just compounds

Click here to input a 
multi-compound file

Hover over for info 
on the different file 
formats accepted
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What molecule should I put in?
The more specific the ‘seed’ molecule, the fewer rules will apply to it

Suggestions to 
increase solubility

612

664

216

Hit

Lead

Candidate
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Filtering down the output
• Adding a locked structure (eg pharmacophore)

• Highlighting the atoms to changes
• Blocking H substitution
• Variable atoms
• ‘Complete SMARTS patterns’
• Also see Tips’n’Tricks document for a detailed work flow

• Charge control
Filtering by the charge of the final compounds (neutral, acidic, basic)

• Simple Lipinski property filters
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Highlight the part you want to change
• Add a locked structure with Substructure-Lock (eg pharmacophore)

Click atoms with highlighter tool

Enable tool, click
Blue circle
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Alternatively lock out specific hydrogens
• Add a locked structure with Substructure-Lock (eg pharmacophore)

Delete to groups you want to change
Lock out hydrogens to stop substitution
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Defining H-atoms to block out
Blocking H Variable atoms

Close the box, then click on atoms in the picture to change their filter types
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Combined Filters

History Box
1st run Solubility ideas 612
2nd run with Sub-Structure Lock 338
3rd Run no neutral molecules 1
4th with single cation 123

Sub-Structure Lock

Goal Selection

Charge and Calc 
Props
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Common Goal Patterns

Example Goal Directions

1 Solubility increase

2 Metabolism decrease

3 HLM_Clint_generic_uL.min-1.mg-1 decrease

4 Absorption increase

5 Caco-2_A_to_B_perm_CHEMBL614058 increase

6 Transporter decrease

7 MDCK-dog-perm-log(ER)-dog decrease

8 Fraction unbound increase

9 PPB_hum_log(proportion_Free) increase

10 LogD_TM decrease (usually)

11 Anti-target_cardiac decrease

12 hERG_hum_inhib_pIC50 decrease

13 Anti-target_DDI

14 CYP_inhibs_3A4_pIC50_hum

15 CCR5_human_pIC50_CHEMBL274 decrease (reduce off target)
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How many pairs? – deeper Goal setting

Specific Goal 
settings

’All Rules’
– all of the Increase and Decrease Rules for all datasets
– warning output can be large
– not suitable for Excel spreadsheet

‘Hit to Lead’
– most frequent transformations chemists perform

’Min 3 pair Trans’
– all transformations with 3 OR MORE matched pairs

‘Min 6 pair Trans’
– all transformations with 6 OR MORE matched pairs
- Actually Increase, Decrease, Neutral and NED

Non-rules transformations 
from pair counts
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Griffen, E. et al.  J. Med. Chem. 2011, 54(22), 
pp.7739-7750. 

How much environment is captured?

Δ Data 
A-B1

2
2

3
3

3

4

4

4
12

23

3

34

4

4A B

• Matched Molecular Pairs – Molecules that differ only by a 
particular, well-defined structural transformation 

• Capture the change and environment – MMPs can be 
recorded as transformations from A! B

• Statistical analysis to define “medicinal chemistry rules”
Defined transformations with high probability of improving 
properties of molecules

• High specificity are environment size 3 and 4, low is 1 and 2.
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Specificity of Transformation

Specificity setting

‘Specificity slider’
– Range 1 to 4
- 4 being the most specific
- setting 3-4 (or 3,4) only apply the most specific rules.

- The number refers to the amount of environment 
captured with the change in the group

Useful combinations
- Min 3 pairs Trans with high specificity

- with Kinase – best rules for kinase potency

- All Rules with high specificity
- The most specific ADMET solutions
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Click the Blue circle to see run results in Browser

Hover mouse over to see larger structures

Results are paginated
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Sort the results – select option here

Select one of the dataset chosen by the Goal
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Selected Dataset / Goal

Select sort order – Median Change is the size 
of the change expected

Select preferred example to export
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Click the Goal view to see more detailed data

Save Selection is available once compounds 
have been selected
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Input molecule and suggested molecule

Select 
compound. Use 
Right and Left 

arrows to 
browse through.

Hover over to see more detailed matched pair data
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Select base_array to get the basic ADMET properties

Use the arrow symbol to drag-and-drop the pizza 
wheels around
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Export results

Select output file style

Select preferred stats fields

Customise which datasets 
are exported. Default is 
your Goal and the Base 

Array
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Using the results

• Download the Excel file
• Inspect the structures

– Filtering and sorting is possible as structures locked to cells
• Look at the breadth of data
• Unhide columns for more data
• Or export csv and use Spotfire, Vortex, Datawarrior….
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Looking at the results
Results sorted in 
increasing RMM 

(Mol Weight)

Yellow highlight is 
the overlap with 

the input 
compound

One column per assay
– colour and direction
- LogD decrease, Sol increase
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Looking at the Stats

Click the hyperlink 
to see the source 

data

n-qual – number of matched pairs used in analysis
n-qual-up – number of +ve delta measurements
n-qual-down – number of –ve delta measurements
n-median result – middle delta measurement
Std-dev – standard deviation – give an idea of the spread 
of data
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Looking at the Stats

Looking at this example – Cl to H to decrease hERG binding
133 matched pairs
114 pairs are –ve so pIC50 is lower for the phenyl
19   pairs are +ve so pIC50 is higher for the phenyl
-0.411 – so half of the pairs are -0.411 or greater improvement
0.357 – std dev – small spread – very good chance of 3 fold improvement
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Summary
• Choose a ‘reasonable’ start point
• Focus your results by iterative runs
• Use Substructure locking

Remember:

Always download your results – server stores nothing!
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Questions on RuleDesign?

Please use Webinar tools if you are on-line
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Exploiting data derived ADMET Knowledge

Measured Data
(MedChemica’s DB + 
Organisational DB)

rule 
finder

Exploitable 
Knowledge

RuleDesignTM

Problem molecule

Solution molecules

Matched Pairs 
pair 

finder

Benchmark 
molecule

Idea molecule

SpotDesignTM

Compound 
to Pairsmolecule

paired 
molecules

data

data

data

RF and kNN
model build

Pharmacophore / 
Toxophore models

predicted 
potency

molecule

pair 
finder

rule 
finder

User-inputted 
measured data

User-specific 
Matched Pairs

User-specific 
Rules

pMMPA Permutated 
molecules

DATABASE TOOLS

MyPAIRS
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• Input chemical name for lead molecule CHEMBL2325997
– Choosing the property to improve (setting the Goal)

• Find Phys_Prop -> Solubility (Broad Goal)
– Returning results, exploring results

• what do the numbers mean?
– Drilling back to the original source (looking at the matched pairs)
– Running multiple ideas

• Search – Inspect – Export
– Save with structures or as .csv for other applications

• (Structures saved as SMILES)

Exercise – Explore ideas to improve solubility
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SpotDesign : How good is my idea?

Entering a reference compound

Compound name?

Other methods

SMILES structure
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SpotDesign : How good is my idea?

Selecting a Goal

Text search

Select Goal
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SpotDesign : How good is my idea?

GO!

Draw your 
idea molecule

Hover to 
explore results

Click to drill 
deeper
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Quick tip…

Shortcut to RuleDesign
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Questions on SpotDesignTM?

Please use Webinar tools if you are on-line
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Exploiting data derived ADMET Knowledge

Measured Data
(MedChemica’s DB + 
Organisational DB)

rule 
finder

Exploitable 
Knowledge

RuleDesignTM

Problem molecule

Solution molecules

Matched Pairs 
pair 

finder

Benchmark 
molecule

Idea molecule

SpotDesignTM

Compound 
to Pairsmolecule

paired 
molecules

data

data

data

RF and kNN
model build

Pharmacophore / 
Toxophore models

predicted 
potency

molecule

pair 
finder

rule 
finder

User-inputted 
measured data

User-specific 
Matched Pairs

User-specific 
Rules

pMMPA Permutated 
molecules

DATABASE TOOLS

MyPAIRS
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Fast SAR understanding via Matched pairs
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SAR worked example: AKT inhibitors

3 32 37
CHEMBL598194 CHEMBL2325997 CHEMBL2325984
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• Input chemical name to return matched pairs (CHEMBL598194)
– Add assay data and explore the SAR tables
– Add structures, Add ALogp98
– Change units and sort the data
– Understand the “gaps” in data

• Search – Inspect – Export
– Save with structures or as .csv for other applications

• (Structures saved as SMILES)

• Extras:
– Finding compounds in ChEMBL and patent literature

Exercise – Rapid exploration of SAR for literature compounds
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SAR worked example:
AKT inhibitors 3

CHEMBL598194

Click to show structures 
in results
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SAR worked example:
AKT inhibitors 37

CHEMBL2325984
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SAR worked example

32
CHEMBL2325997

Click to see 
data
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AKT inhibitors

Click to show all 
structures

Or click to show 
just one pair
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Instant SAR table Click to add 
lipophilicity 

data Click to 
change units

Click to sort 
pair with large 
change to the 

top
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Questions on Compound-To-Pairs?

Please use Webinar tools if you are on-line
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Exploiting data derived ADMET Knowledge

Measured Data
(MedChemica’s DB + 
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Exploitable 
Knowledge

RuleDesignTM

Problem molecule

Solution molecules

Matched Pairs 
pair 

finder

Benchmark 
molecule

Idea molecule

SpotDesignTM

Compound 
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pMMPA Permutated 
molecules

DATABASE TOOLS

MyPAIRS



Not for circulation

Exploiting medicinal chemistry knowledge to accelerate projects June 2020

Toxophore and Pharmacophore prediction models

• Models that utilise knowledge from the central database to predict 
potency

– Potency at a toxicologically-linked Endpoint = Toxophore
– Potency at a target Endpoint = Pharmacophore

• 2 types of models are used:

– Regression Forest (RF)
• Decision trees trained on central database data  
• Descriptors = pairs of features connected by shortest bond path

– k Nearest Neighbour (kNN)
• Compares query molecule with central database molecules 
• Descriptor = Morgan fingerprint
• Distance metric = Tanimoto distance
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• Input compound name: CHEMBL2325997
• Select Toxicologically-linked Endpoints
• Run Toxophore prediction
• View results

– Take a minute to understand the predictions using the help 
information provided (click ?)

• Export as ready-to-use PowerPoint presentation

Exercise – Assess potential toxophore activity of CHEMBL2325997
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Toxicity predictions for CHEMBL2325997

Input query 
molecule

Select toxicity 
Endpoint(s)Go!
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Toxicity predictions for CHEMBL2325997
Scroll 

through 
resultsRed = predicted 

potency at toxic 
Endpoint Green = predicted 

inactivity at toxic 
Endpoint

Click on Endpoint 
for breakdown
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Overall heat 
map of atom 
contributions RF prediction 

(based on 
Cohen’s d and 

R2)

Most important 
descriptors 

from RFkNN prediction 
(based on activity 

of NN and  
Tanimoto distance 

to NN) 
Nearest 

neighbours in 
database

Tip: click ? for 
more info

Tip: click to 
design less toxic 

compounds
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Same methods as 
Toxophores but 
green = active
red = inactive
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Questions on Toxophores / 
Pharmacophores?

Please use Webinar tools if you are on-line
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Exploiting data derived ADMET Knowledge
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These tools do not 
interact with the 

central database 
of knowledge
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MyPairs

• Applies MCPairs methods to user-inputted data
– Does not interact with central database

• Available methods:
– Pair Finding
– Rule Finding
– Permutative MMPA (molecule suggestions based on application of 

transformations)

• Example use on a live project:
– COVID moonshot 

• Open-source antiviral discovery project
• Targeting SARS-COV-2 main protease

– Input data = protease binding data dated 14-12-2020
– Does pMMPA used on historical project data suggest our current lead 

compound (3-02-2021)? 
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Input data 
file

Choose pair 
finding 

method

Click here to 
edit pair 

finding settings
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Hover over to read 
information on 

each parameter
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Click here to 
enable rule 

finding

Click here to 
enable 

permutation of 
molecules 
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Hover over for 
description of 

each parameter

Default is to apply 
1 generation of 
permutations

Option to add seed 
molecules (subset of 
input data you wish 
transformations to 

be applied to)

Option to add 
additional 

transformations for 
permutation

Option to filter 
results by physical 

property

Go!
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Export zip file 
of results
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MyPairs – COVID results

• task_message.txt = breakdown of results
• pmmpa_results_gen_1.csv = suggested compounds

Generation 0 = 
seed compounds

Scroll down for 
generation 1 
predictions

Scroll across for 
prediction statistics
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• Use excel to apply project-relevant filters e.g:
– Sort suggestions by predicted median binding measurement 
– Filter for CLogP < 4 
– And we find our current lead compound as a suggestion:

– Project benefit:
• Alternative lead compound found with better antiviral and ADMET properties

Lead Compound 14-12-2020
pIC50 = 6.7

Moderate antiviral cell activity 
High microsomal clearance

Lead Compound 3-2-2021
pIC50 = 6.6

Good antiviral cell activity
Moderate microsomal clearance

MyPairs – COVID results
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• pmmpa_evidence_gen_1.csv 
– Provides matched pair evidence for suggestions

MyPairs – COVID results

Matched pair structures 
and data listed for each 

suggestion
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Questions on MyPairs?

Please use Webinar tools if you are on-line
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And Finally…

• Problems, suggestions, ideas for interface / calculation engine
– contact@medchemica.com


