Analysing intermolecular
Interactions 101 -
Full Interaction Maps
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Learning outcomes

 Learn how informatics and data-driven approaches can be used to-
understand the solid state. 0

* Familiarise yourself with what tools are available in the CSD-
Materials suite and what they can be used to do.

* Learn how to use Full Interaction Maps to analyse a structure.

CCDC
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Solid form selection in product development .

Chemical & Physical Stability " v =
Melting - | ’ »
Point Morphology ‘.‘ ‘
. Hydrates Salts Mechanical
Solubility y - L A M. echanica
. Properties
Solvates e o-CrystaIs
Particle S Urfeat
Control urification

Product Process
Control




Number of co-crystals
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Chart showing the number of co-crystals in the CSD by year and

colour coded by the average SMILES length. Image created by Salts Refcode families
Katerina Vriza* a CCDC sponsored PhD student. >1,000,000

*Katerina Vriza, University of Liverpool, PhD on Data driven discovery of functional molecular co-crystal



A solid form landscape
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Impact of Hydrogen Bonding on lattice stabiiitj o
-The Ritonavir story

®

®

facturi blems hit : —
fﬁﬂﬁéﬁHﬁ’%ﬂg rii(r,?livir « ~5-fold decrease in solubility

« Change in Hydrogen Bonding

]

( ::l|)>ulc\' of Abbott Labora-
case inhibitor
Norv r)a

‘Since the strength and completeness of the hydrogen bonding has attained the maximum
possible in the Form Il lattice, it is not thought possible that another undiscovered polymorph
of ritonavir would exist with equivalent or lower solubility than that of Form [1.”

Org. Process Res. Dev. (2000), 4(5), 413-417. Pharmaceutical Research (2001), 18(6), 859-866. < < | H
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Structural Informatics G
Which is the stable wall?

Pyramid SRSl ke
of Giza b~ . ,

The = Y - C - S wamees Ok
CCDC = i Hadrian's Wall
1992 f ‘ c122

Great
Wall

b of China
S C.1368

e | The database of walls indicates that
House T T
c1967 - 0 Alisthe frequently observed

arrangement and therefore we can

oredict it is the most stable form - CCDC




Predicting unlikely interactions %

Predictive analytics is used to identify the likelihood of specific molecular interactions |,
occurring from similar crystal structures
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Galek et al, CrystEngComm, (2009), 11, 2634 - 2639

The integration of solid-form informatics into
solid-form selection

Neil Feeder?, Elna Pidcock?, Anthony M. Reilly?, Ghazala Sadig?, Cheryl L. Doherty®, Kevin R. Back®,
Paul Meenan® and Robert Docherty® i

—

One in half a million: a solid form informatics study of a pharmaceutical
crystal structure

Peter T A Galek,*@ Elna Pidcock® Peter A Wood,® lan J. Bruno® and Colin R. Groom?®

Navigating the Solid Form Landscape with Structural Informatics
Peter T. A. Galek, Elna Pidcock, Peter A. Wood, MNeil Feeder, Frank H. Allen

Book Editor(s): Yuriy A. Abramov

Knowledge-based H-bond prediction to aid experimental polymorph
screening

Peter T A. Galek*3 Frank H. Allen,® L&szI6 Fabian®® and Meil Feeder©
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Characteristics that influence stability - - -

Molecular
Conformation

Hydrogen Bond
Donor/Acceptor Pairing *

Hydrogen Bond
Geometry, Symmetry

and Motit ‘Non-Hydrogen Bond'’

Intermolecular
INnteractions

CCDC



The CSD software R
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CSD-Materials overview @ ©

Crystal Packing
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Full Interaction Maps

Packing Feature Search

Mean H-Bond Co-ordination

Motif Search &
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05 086 .7

2 Donors

Hydrogen Bond Propensity Aromatics Analyser

Solid Form Risk Assessmen

CSD Conformer

Generator

-
Co

. . Solvate Analyser
Detailed Structural Analysi Solid Form Design

Molecular

ey (SO



Full Interaction Maps (FIMs)

* Map interaction preferences
around complete molecules in
a crystal structure.

* Visualise observed atom-atom
contacts with respect to likely
geometries in 3D space.

» |dentify interaction hot-spots
around chemical groups.

hydrogen-bond
donor e

hydrogen-bond
acceptor

hydrophobic
interactions ¢

CCDC



Understanding intermolecular interactions

central group: -CONH,,
contact group: NH

\_>
-

Search for structures containing desired contact

Superimpose hits and display as scatterplots or contour

plots CCDC
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Combining plots into Full Interaction Maps . .

* Molecule is broken down into fragments ALY :

* |soStar maps for each fragment are combined to give the Full Interaction Map .

« Multiple maps can be generated for different probes

P. A Wood et al, CrystEngComm (2013), 15, 65-72



Predicting intermolecular interaction . 0
geometries A

- “Early development candidate”

* Two polymorphs, metastable (a)
and stable (b)

» Packing arrangement of stable
form (b) satisfies Full Interaction
Map particularly well

» Packing arrangement of (a)
does not

N. Feeder et al,J Pharm. Pharmacol. (2015), 67(6), 857-868




Creating a FIM 7

@ HXACAN (Pcab) - Mercury

FIMs enable you to
generate a 3D

File Edit Selection Display Calculate C5D-Community CSD-Core CSD-Materials  CSD-Discovery  (CSD Python APl Help

Picking Mode: Lasso Atoms hv Search > _abels for Al atoms v with Atom Label \ . .
INteraction ma @)
Style: Ball and Stick * Colour: by Element . Atom selections: b l
Calculstions > around a molecule
|:| Animate. .. Default view: b | a b c a* b* y-90 y+90 z-90 z490 & — | T zoom- =zoom+ || Select by SMARTS:

representing
regions of higher
probability to find
interactions with

Polymorph Assessment

Co-Crystal Design

certain functional
groups

@ Full Interaction Maps Full Interaction Maps...

Options Maps Hotspots Log Files

Hydrate Analyser...

Map Contour Levels

Probe Solvate Analyser...

Getting started with Full Interaction Maps

Display first contour with initial level of 2.0 :
Uncharged NH Nitrogen
Charged NH Nitrogen

Display second contour with inital level of -
|| RNH3 Nitrogen
Display third contour with initial level of ] Alcohal Oxygen

Carbonyl Oxygen

<]

Aromatics Analyser...
llaria Gimondi — February 15, 2021

Our collection of educational resources has been growing throughout 2020, welcoming new How fo videos (on aur
“YouTube and LabTube channels). new self-guided workshops and updates to our existing material. We also added a
feedback survey for you to fillin at the end of each workshop to let us know how we are doing and how we can improve.

Conforrmer Generation...

<1

This month we include in our collections 2 new resources_both about Full Interaction Maps (FiMs_for short): an

Hotspots

Water Oxygen educalional vide the right time
o write a blog alf - - bbout FIMs, to
[ Generate hotspots n the map Oxygen Atom @ LunchoasH e\ Ore info available

Methyl Carbon

geiwd (N OUr blog and

RN

Aromatic CH Carbon research?
C-F Fluorine Full Interaction d oresents the
L] regions of highe VIaeo erful tool that
< vie made il avail
Agreat way to gareaes T D O OT NOT e oTe e T EPFEXTDIES et P Give you an idea
about insightiul information that FIMs ¢an provide on your molecules, crystal structures, and ligand interactions. Our new
educational video on FIMs aims exactly at this.
Defaults
Options Full Interaction Maps (FIMs)
Calculate M Clear Maps & Hotspots Load M Save M o ook o eses e
alculate Maps lear Maps & Ho oad Maps... ave Maps... ose s
P P P P Show cell axes D 2Z-Clipping
MoreInfo ¥ D
(e Label atoms Stereo

= https//www.ccdc.cam.ac.uk/Community/blog/getting-started-with-FIMS/ .

Press the left mouse button and move the mouse to rotate the structure Click on the image fo watch the video on YouTube




Creating a hotspot

@ ADEZUF (Pna21) - Mercury

File Edit Selecti

Picking Mode: | Pick A

0 Full Interaction Maps

Options Maps Hotspots Log Files
Map Contour Levels
Display first contour with initial level of

Display second contour with inital level of

Display third contour with initial level of
Hotspots

Generate hotspots in the map

P Python AP

Probe Colour &
Uncharged NH Nitregen [ NNRNRRREEN
[ Charged NH Nitrogen
[ RNHS3 Nitrogen
[ Alcohel Oxygen
Carbonyl Oxygen
[] water Oxygen
[J Oxygen Atom
[ Methyl Carbon
Aromatic CH Carbon
[ C-F Fluorine
[ ¢-CI Chlorine
[ c-Br Bromine
[] C-llodine

Calculate Maps

Defaults

Clear Maps & Hotspots| | Load Maps... | |Save Map:

teraction Maps

Options Maps Hotspots

Edit Existing Contours

Log Files

Help

with Atom Label

3

]l

Probe Level

Level Range
[ min., max. ]

1 Uncharged NH Nitrogen

[0.00, 1045 ]

2 Uncharged NH Nitrogen

[0.00,1045]

3 Uncharged NH Nitrogen

[0.00,10.45 ]

4 Carbonyl Oxygen

[0.00, 61.87]

5 Carbonyl Oxygen

[0.00, 61.87]

Color

H Elue

W Blue

M Elue

B Red

M Red

Visible  Display Type

triangle
triangle
triangle
triangle

triangle

Opacity

Calculate Maps

Clear Maps & Hotspots| | Load Maps...

Save Maps...

Delete
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Tips and Tricks

advancing structural science



Generate FIMs for selected

]

@ JURZOO (C2) - Mercury

File Edit Selection Display Calculate

C5D-Community  C5D-Core  C5D-Materials  C5D-Discovery  C5D Python AP Help

I Picking Mode: | Pick Atoms

with | Atom Label

Style: | Polyhedral ~ Colour: by Element

O Animate... Default view: b w

o Full Interaction Maps

Options Maps Hotspots Log Files
Map Contour Levels

Display first contour with initial level of
Display second contour with inital level of

Display third contour with initial level of

Hotspots

[ Generate hotspots in the map

vICIear Measuremen% [] show Labels for ' all atams

You can generate FIMs for

w Manage Styles... | Cards » || - Atom selections; ~ | - Select by SMAF‘.T‘S:l [c]

a b c a* b* * | x- x+ y- y+ z- z+ %90 x+90 y-90 y+90 z-90 z490 & = J- T zoom- zoom+

Probe Colour QX
Uncharged NH Nitrogen _
[J Charged NH Nitrogen
[ RNH3 Nitrogen
[J Alcohol Oxygen
Carbonyl Oxygen
[] Water Oxygen
[] Oxygen Atom
O Methyl Carbon
Aromatic CH Carbon
[ C-F Fluerine
[ €-CI Chlorine
1 C-Br Bromine

Calculate Maps| |Clear Maps & Hotspots | | Load Maps... | |Save Maps...

a portion of a molecule.

Select the relevant atoms

before calculating the
mMaps.




Change the colour of probes

@ JURZOO (C2) - Mercury

OSelectCnlnr
File Edit Selection Display Calculate CSD-Community CSD-Core  C5D-Materials  CSD-Discovery  C5D Pythg

Basic colors

Picking Mode: | Pick Atoms ~ | Clear Measurements @ ﬂ) ({} [] show Labels for | All atoms

EEEEEENC

Style:  Polyhedral ~ Colour: | by Element w | © Manage Styles... |Cards ~ | Atom selections: - - - -

| Animate... Default view: b ~“ a b c a* b* c* ¥- X+ y- y+ z- z+ x90 x+90 y-90 vy ---- l:”:”:l
(1 1 1 1 e
L J 1 ] | [sieis
HEEEENCC]

Pick Screen Color

Custom colors

I O
N o vai: [170 [2]

Add to Custom Colors

O Full Interaction Maps

Options Maps Hotspots Log Files
Map Contour Levels

Display first contour with initial level of

Display second contour with inital level of
Display third contour with initial level of

Hotspots

[ Generate hotspats in the map

Green:
Blue:

HIM

Cancel

Probe Colour
Uncharged NH Nitrogen —
[ Charged NH Nitrogen
[J RNH3 Nitrogen
[ Alcohol Oxygen
Carbonyl Oxygen
[] Water Oxygen
[] Oxygen Atom
[ Methyl Carbon
Arematic CH Carbon
[ C-F Fluorine
[] c-ClI Chlarine

[T -Rr Bramine

Calculate Maps | |Clear Maps & Hotspots| | Load Maps... | |Save Maps...

You can change the
colour for each
probe by clicking on

the Colour in the
Full Interaction
Maps Options tab

CCDC



Save FIMs

@ FEMPIY (Pben) - Mercury

Picking Mode: |Pick Atoms
Style: |Ball and Stick ~ Col

[ ] Animate... Default

Map Contour Levels

FY

Display first contour with initial level of 20 -

Display second contour with inital level of
Display third contour with initial level of

Hotspots
[ ] Generate hotspots in the map

Calculate Maps

— L X
File Edit Selection Display Calculate CSD-Community CSD-Core CSD-Materials CSD-Discovery CSD Python APl Help
| P —
th Atom Label
@ rull Interaction Maps X
by SMARTS:[]
Options Maps Hotspots Log Files 90 <« = J T zoom- zoom+

Probe

Uncharged NH Nitrogen
[ Charged NH Nitrogen
] RNH3 Nitrogen

[ Alcohol Oxygen
Carbonyl Oxygen

[ ] Water Oxygen

[] Oxygen Atom

[] Methyl Carbon
Aromatic CH Carbon

Colour

.

Clear Maps & Hotspots

Load Maps... - Close

Defaults

FEMPIY-FIMs

|j Aromatic CH Carbon.acnt
|j Aromatic CH_Carbon.err
|j Aromatic CH_Carbon.ins
|j Aromatic CH_Carbon

1] Carbonyl_Oxygen.acnt
1] Carbonyl_Oxygen.err
1] Carbonyl_Oxygen.ins
g Carbonyl_Oxygen

[ ] FEMPIY fim.mol2

|j Uncharged_NH_Nitrogen.acnt
|j Uncharged_NH_Nitrogen.err
|j Uncharged_NH_Nitrogen.ins
|j Uncharged_NH_Nitrogen

You can save a FIM
N the Full
Interaction Maps

Options tab by
clicking Save Maps...

CCDC




CSD Python APl 3.0.4 documentation » Descriptive documentation »

Interaction Maps

For APl documentation
in Mercury go to CSD CCDC

Note: the ccdc.interaction.InteractionMapAnalysis IS available only to CSD-Discovery, CSD-Materials and
pyth on A p/ = CSD CSD-Enterprise users.

ble of . x . ‘ : p {
Doci r);)t Q ,? ?O?,Z/? the Tcpt " Introduction ccdc.interaction.InteractionMapAnalysis

= Use Cases

. . . Analyse Crystal and The ccdc.interaction. InteractionMapAnalysis Uses crystallographic information about non-bonded interactions to
N OVIgOte tO /ﬂ tefO Ct/Oﬂ Small Molecule generate interaction maps around small molecules or within protein binding site. Depending on the settings used,
= Analyse Protein the calculated maps provide the interaction preferences for your molecule as a whole in the context of the crystal
M a pS . oth%lpggt%r?;;e structure, or the interaction preferences for all or selected cavities in a protein.
Previous topic Note: For more information on the details of the fundamental methodology please see:
Analysing molecular
Pyt interactions preferences “SuperStar: A knowledge-based approach for identifying interaction sites in proteins.”, M. L. Verdonk, J. C.
CSD th API HEIP Next topic Cole and R. Taylor, J. Mol. Biol , 289, 1093-1108, 1999, DOI: 10.1006/jmbi.1999.2809.
Analysis » Crystal packing similarity “Evaluation of molecular crystal structures using Full Interaction Maps”, P. A. Wood, T. S. G. Olsson, J. C.
Quick search Cole, S. J. Cottrell, N. Feeder, P. T. A. Galek, C. R. Groom, E. Pidcock, CrystEngComm, 15, 65772, 2013, DOl
Reports » 10.1039/C2CE25849H.
| [ co |
Searches r See also: AP| documentation for the interaction module
user_support.py
Use Cases

welcome.py

Analyse Crystal and Small Molecule
calculate_CSD_diversity_score.py

One common use for ccdc.interaction. InteractionMapAnalysis IS {0 analyse a crystal to determine the preferred
binding sites of particular functional groups. We will exemplify this by considering paracetamol. Firstly, let us
import the relevant modules and classes:

Options...
CSD Python APl Documentation
CSD Python APl Forum

»»» from ccdc import io
»»» from ccdc.interaction import InteractionMapAnalysis

Then we will load a crystal structure for paracetamol

»»» ¢sd = io.EntryReader( 'csd')
»>»» paracetamol = csd.crystal( HXACAN")

CCDC




