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Learning outcomes for today

* 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 .
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A wealth of data in the CSD
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Year

Katerina Vriza, University of Liverpool, PhD on Data driven discovery of functional molecular co-crystal
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Polymorphs
>11,000 polymorphic
families

Refcode families
>1000,000



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

®

®

Manufacturing problems hit | >
ASEStSEHrII\I;%xg rii(r,?livir « ~5-fold decrease in solubility

« Change in Hydrogen Bonding 3

( ::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. < < | ><
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Structural Informatics =
Which is the stable wall? Great P
= Pyramid = et o by
3 = | of Giza | el S
The . | ¢.2560 BC : .
b ‘ . Hadrian’'s Wall
c.1992

C.122

Great
Wall
b of China

B C 1368
My "= .mess | The database of walls indicates that
House . T :
clo67 i A is the frequently observed

arrangement and therefore we can

oredict it is the most stable form — CC DC




Predicting unlikely interactions %

Predictive analytics is used to identify the likelihood of specific molecular interactions |,

occurring from similar crystal struc

tures

Ureido
Carbamate

S
Thiazoyl A (0]
s JL H N./ Thiazoyl B

_<

o ] s
Hydroxy / ids S
Form || 32% /" 40%

Ureido
Carbamat

Thiazoyl A o j\
s JL H N./ Thiazoyl B

- g N
L D@ ™

_<

Hydroxyl s

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 Motif ‘Non-Hydrogen Bond'

Intermolecular
INnteractions

CCDC



The CSD software R
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DASH Python API Mercury partnerships X B

Discovery. CSDCore.
SuperStar  Python AP Mogul  MyStructures CSDCommunity.
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Mercury | Hermhes Python API CellCheck Educational Access MyStructures
[
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CSD-Materials overview @Q ZN A
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/ / Motif Search &

' ) Packing Feature Search
Crystal Packing Hydrate Analyser &

Similarity : : Solvate Analyser
Detailed Structural Analysis / Solid Form Design

CSD Conformer
Generator

Mean H-Bond Propensity
05 086 .7

Mean H-Bond Co-ordination

: 08 2 Donors
0.9 —

M 47 1.0 o
Full Interaction Maps ) -
Hydrogen Bond Propensity Aromatics Analyser Molecular
Complementarity < :< :I >< :

Solid Form Risk Assessment

©




Motifs

« Determine likely hydrogen bond
mMotifs for a specified set of
functional groups

* Assess motifs by their relative

frequency of occurrence in the
CSD

» Search for auto-generated and
bespoke motifs

* Analyse the results of crystal
structure prediction runs by

identifying the range of predicted
mMotifs

Frequency of occurrence of Primary
Amide hydrogen bond motifs

CCDC



Searching for motifs

@ JURZOO (C2) - Mercury

Picking Mode: Lasso Atoms
Style: Ball and Stick * Colour: by Element
l:l Animate... Default view: b ~

File Edit GSelection Display Calculate CSD-Cemmunity CSD-Core C5D-Materials  C5D-Discovery  C5D Python API

~ Search ’
Calculations r
a b c a* b* Polymoerph Assessment »
Co-Crystal Design »

'Create’ option,
Select motif option
(.) Select pre-defined motif(s)
( ) Create new motifs

( ) Open a motif file {gmxml, mxml}

Full Interacticn Maps...

Hydrate Analyser...

Conformer Generatian...

Motif Search Wizard

Select the motif(s) you would like to search for

Solvate Analyser...

Aromatics Analyser...

Display Options
Display
/| Packi =
el |:| Short Contact < (sum of vdW radii)
Asymmetric Unit || H.Bond Default definition
D Auto centre
Reset
Press the left mouse button and move the mouse to rotate the structure

Help

Select one of the following options and then press 'Next'. To build your own moti

Motifs...
Crystal Packing Feature...
Crystal Packing Similarity...

Manage Searches...

Manage Motifs...

hydrogens l:‘ C
cell axes |:| 2
atoms ]

Cancel

om Label

- zoom+ Select by SMARTS:

= Motif Search Wizard

Select search motifs

beta lactam chain
gamma lactam chain
delta lactarn chain
hydroxy chain

trans amide chain
oxime R2,2(8)
MCCHHZ R2,2(10)
amino nitrile B2, 2(10)
COCCOH R2,2(10)
COCOMH R2,2{10)
S00CH3 R2,2(8)
pyrazole R2,2(E)
pyrazele R3,3(9)
COMNH2 R2,3(8)

Pt T T T 1 o s W - e

[

BB select Motif

. De-select Motif

NCNH2 R2,2(8)

Use the 'select’ button to select motif search queries from the list of available motifs,

* homomeric

INCMHZ R2 2(8)




 Perform a substructure search

* Investigate conformations of “ 3 a: S
molecules or bonded fragments i (

« Search for non-covalent
INteractions such as n-wt or
hydrogen bond interactions

» Search for particular spatial
arrangements of functional
groups Query for S..H-N

interaction as found in

- Search for particular spatial ?E}B;fjggfde”va“ve ———
arrangements of molecules

S1HE

CCDC



CSD Refcode: JURZOO

Searching for packing features

®
k| - s a
@ JURZOO (C2) - Mercury >
File Edit GSelection Display Calculate C5D-Cemmunity C5D-Core CSD-Materials  CSD-Discovery  C5D Python APl Help
P Hode: wesso Atoms - | search g Motifs... € Packing Feature Search Wizard
Style: Ball and Stick ~* Colour: by Element Calculations 4 Cljl‘stal Packing Feature... b
I:‘ Animate... Default view: |b ~| a b c a* b= Polymorph Assessment , Crystal Packing Similarity... LAllow variabhle atom and bond t};peg

Co-Crystal Design Manage Searches... Select the atoms and bonds you wish to vary and press ‘Modify'. Or simply press Mext',
Manage Motifs... atoms bonds g
Full Interaction Maps... Past Search Options o oo
. earch Options
B atorn residue  elements hydroger bonds
M2 1 M 2 3 ;
Solvate Analyser... H1 1 H 1 Madify
Aromatics Analyser... M1 1 M 0 2 Rezet
H2 1 H 1
Conformer Generation... H1 2 H 1 Add Constraint
M2 2 M 2 3
Launch DASH H2 2 H 1 Mumber of hydrogens
M1 2 M 0 2 Mumber of bonds
1 2 iC 0 3 H
Charge
1 1 C 0 3
[] cydicity
£ >

Display Options MNext Cancel
Display Options =

.
= [ ] short Contact < (sum of vdW radii) Contacts... show hycrogens [ ] peoth cue
Asymmetric Unit l:‘ H-Bond Default definition Show cell axes |:| Z-Clipping

D Auto centre More Info ] l:‘ Label atoms Stereo
Powder...
Reset
L ]

Press the left mouse button and move the mouse to rotate the structure




Crystal Packing Similarity N7

« Determine whether two crystal
structures are the same

 |dentify, from a list of structures, the
number of distinct polymorphic
forms

* |ldentify iso-structurality in solvates, % |
salts, hydrates & co-crystals

Packing Similarity analysis for:
° Flnd an experlmentally Observed * Nitrofurantoin (Refcode: AZAXEG)

structure within a prediction list * andit's hydrated structure (Refcode: ULECAQ)

Molecules depicted in:

» Quantify similarity between - green show the match between the two structures
polymorphs, solvates, salts, hydrates & - 5out of 15 molecules are a match
co—crystals *  pinkshow where they differ

CCDC



CSD Refcodes: JURZOO

JURZOOOI

Searching for packing similarity

@ JURZOO (C2) - Mercury 1 e ® A » A
File Edit GSelection Display Calculate C5D-Cemmunity C5D-Core CSD-Materials  CSD-Discovery  C5D Python APl Help b4
Picking Mode: Lasso Atoms ~ Search L Motifs... 1
Style: | Ball and Stick ~ Colour:  |by Element Calculations 4 Crystal Packing Feature... | Packing Similarity Wizard
_ N . Crystal Packing Similarity... 1. | "
L] Anmate. Defauftview: [B || 2 b ca b Polymerph Assessment r fysta 9 "ty k
Select structures to compare
i Manage Searches...
Co-Crystal Design . e . ..
Manage Motifs... This toal allows you to identify similarity in crystal packing between structures containing the ©
) _ same compound. All structures added to the ‘reference’ list will be compared with all structures
Full Interaction Maps... Post Search Options added to the 'comparison’ list.
Hydrate Analyser Reference Structures Comparison Structures )
Solvate Analyser... JURZOO JURZOO
. JURZO0M JURZQO01
Arornatics Analyser...
Conformer Generation...
@ Launch DASH
Select... Select...
Add Refcode. .. Add Refcode. ..
Eemove Remove
Dis.play Options : Qﬂmpﬂre ':ar":el
Display Options
foce [ ] short Contact < (sum of vdW radii) Contacts... show hycrogens [ ] peoth cue
AsymmetricUnt [ H.pond Default definition shoncelaxes [ 2Cionng
D Auto centre More Info N l:‘ Label atoms

Press the left mouse button and move the mouse to rotate the structure




Hydrate Analyser

Quickly obtain a summary
describing features of a hydrated
phase

* Assess hydrogen bonding motifs
iNvolving water molecules

* Interpret the space occupied in
the lattice by water molecules

* Analyse extended structural
features such as coordination
polymers including water

« Obtain reports on the
assessments made

Hydrogen bonding and
water space analysis for
frovitriptan succinate
trinydrate

CCDC



Using the Hydrate Analyser

0 AAGAGGT0 (P212121) - Mercury
File Edit GSelection Display Calculate CSD-Cemmunity CSD-Core

Picking Mode: |Lasso Atoms hs

Style: |Ba|| and Stick ~ kolour: |b\r Element

l:l Animate... Defaultview: a b c a* b*

CSD-Materials = CSD-Discovery  C5D Python API

Search

Calculations
Polymorph Assessment
Co-Crystal Design

Full Interaction Maps...

Hydrate Analyser...

Solvate Analyser...

Arormatics Analyser...
Conformer Generation...

Launch DASH

k

k

Help

bels for

Display Options.
Display
Paddng |:] Short Contact < (sum of vdW radii)
AsymmetricUnit|[™] 4 Bond Default definition
D Auto centre

‘ Reset

Press the left mouse button and move the mouse to rotate the structure

Contacts...

All atoms

Atom selections:

90 y+90 z-90 z+90 = =

More Info v ‘

Powder...

Options

Show hydrogens l:‘
Show cell axes |:|
l:‘ Label atoms

0 Hydrate Analyser

Structure Overview Water H-Bonding

Water Space

Water Interaction Maps Coordination Polymer

£ Current structure: AAGAGG10
P
E
5 Matif # Hits Thumbnail
'-'E 1 zero ..-'f ™,
il
g 2 one_d -f\xm
o,
% 3 ‘two_dd s an Row selection shows 3D search hits
E 4 three_a AN Browse multiple hits (of 0): 0 =
5 four_aa hﬁm
6 five dda -‘_, N
7 sn_ddaa .,.H'; \'w“
2 =zeven_da ,-"R;,
9 eight_daa ,/n\
Dnn-.EET,.- Don
10 nine_ddaaa AN
Ace-" " e
< > Highlighting style...




Solvate Analyser

* Quick analysis of the structures
containing one or more solvent
Mmolecules

« Easy selection of solvent molecule(s)

« Assessment of any hydrogen
bonding motifs to/from the solvents

« Calculation and display of the space
occupied by each of the different
solvent molecules

« Obtain reports on the assessments
Mmade

CCDC



. CSD Refcode: ZOJLIV @
Using the Solvate Analyser A,

= e o ) 80
@ ZoILv (P212121) - Mercury © v Y
File Edit Selection Display Calculate C5D-Cemmunity C5D-Core CSD-Materials  CSD-Discovery  CS5D Python APl Help Y | .
Picking Mode: |Lass° Atoms e | | Search ¥ | @ Solvate Analyser st
Style: |Bal| and Stick ~ F:olour: |by Element Calculations »
Solvent Selection and Space Calculation Saolvent H-Bonding Structure Summary
Animate... Default view: b ~ a b ¢ a* b*
L] 1 Polymorph Assessment s
~ L |Add Solvent Fram Selected| |Remmre Snlvent| ICaIcuIate Space [ Hide all molecules
Co-Crystal Design »
1 2 3 Settings
Full Interaction Maps... Solvent Ethanol Acetonitrile Water Probe Radius: |1.2 | 1
Hydrate Analyser.. Formula C2 HE 01 C2 H3 N1 HE 03 Approx. Grid Spacing: |g, 3 | &
Solvate Analyser... i
yse Ls Volume (%) 6.7 5.6 42 Calculate using the | contact Surface v|
Aromatics Analyser...
Volume (A”) 327.64 274.87 206,52 Results
Conformer Generation... ]
5 Space Jolume 18.5 | %% of unit cell volume
Launch DASH | 309.03| k2
Show Solvent
Select Solvent [ ] O] L] Defaults
Inside Colour | ™ | [ ] -
Inside Opacity ' 0.45 ' 0.45 ' 0.45
Qutside Colour EI I:I EI
Display Options. . .
Display GI.“S"I-E ﬂ'pacrl]r ' {:'.45 ' {:'.45 ' {:'.45
facan |:| Short Contact < (sum of vdW radii) 75
AsymmetricUnit|[™] 4 Bond Default definition ]
D Auto centre M
sl =
Reset -

Press the left mouse button and move the mouse to rotate the structure




CSD Conformer Generator

« Generate conformers lbbased on
geometrical statistics from the
CSD

* Visualise overlays of generated
conformers

* Export conformers and further
analyse e.g. in a co-crystal

screen Ensemble of diverse conformations of
AMG517 generated by the CSD
conformer generator.

CCDC



Generating conformers

@ JURZOO (C2) - Mercury

File Edit Selection Display Calculate CSD-Community CSD-Core C5D-Materials  CS5D-Discovery  CSD Python APl Help

Picking Mode: Lasso Atoms i Search b fbels for Al atoms with

Style: Ball and Stick * Colour: by Element Calculations L4 Atom selections: ~

|:| Animate... Default view: |b ¥ | a b c a* b* 90 y+90 z90 490 & = L T oz
Polymorph Assessment r

Co-Crystal Design
Full Interaction Maps...

Hydrate Analyser...
Solvate Analyser...

Aromatics Analyser...
Conformer Generation...

@ LaunchDASH

Display Options
Display Options
padk
ackg |:| Short Contact < (sum of vdW radii) Contacts... SArychvlooens D Depliiue
8 it | ] H-Bond Default definition show cellaxes [ 2:lipping
D Auto centre More Info ] l:‘ Label atoms Stereo

Powder...

Reset

Press the left mouse button and move the mouse to rotate the structure

CSD Refcode: JURZOO

1 a - ®
9 Conformer Generation >
Source molecule
@ From Mercury: | JURZOO b
O From file: Browse
Working directory
C:\temporary Browse
Output format(s)
mol2 |:| sdf
Show advanced options
. . r i
Maximum Mumber of Conformations | 200 - Maximum Conformations to Sample | 1000000 |+
r e
Maximum Unusual Rotamers 2 = Minimumn Rotamer Probability 0,05 =
Minimise input molecule
Defaults
Conformer Generator status
Click "Calculate™ to start Calculate
Cloze




Molecular complementarity co-former .

screening

» Rapidly screen a set of co-formers
against an Active Ingredient

« Assess how molecular descriptors
vary across a set of molecules

* Submit multiple conformations of
one or more molecules and

compare them Sorbic Acid
AMG 517

. . AMG 517:Sorbic
« Designed to filter out molecules | acidipeltal

unlikely to form co-crystals Deltalfass Criteria
AMG 517:Sorbic

Acid |Delta| Meets
Criteria

L. Fabian, Cryst. Growth Des., 2009, 9 1436-1443, DOI: 10.1021/cg800861m

ML axis
ratio

0.50
0.66
0.16

<0.32

Yes

S axis

(IA)

417
6.46
2.29

<3.2

Yes

SL axisratio  Dipole

0.38
0.35
0.03

<0.28

Yes

Moment
(/Debye)
1.03
1.65
0.62

<b6.8

Yes

Fraction of
NO

0.25
0.20
0.05

<0.29

Yes

CCDC



Performing molecular complementarity ' -

®
® @
@ JURZOO (C2) - Mercury °® ¢
®

File Edit GSelection Display Calculate C5D-Cemmunity C5D-Core CSD-Materials  CSD-Discovery  C5D Python APl Help &

Picking Mode: Lasso Atoms hv Search F  abels for Al atoms with Atom Label

Style: Ball and Stick * Colour: by Element Calculations 4 Atom selections: hvs

[] _ fmitvice [B - b - I . . i, Molecular Complementarity Screening Wizard

Animate... Default view: a C a PI:I|}"I"I"II:IFF||'1 ASSESSI"H ent b { ¥ z z ZOOM-  ZOOMm 4

Co-Crystal Design Screen by Molecular Complementarity... Configu re Settings

Full Interaction Maps...
wil nteraction iap= Ise this tool to help identify molecules maost likely to form co-crystals with ane or more

candidate active molecules,
Hydrate Analyser...

Mote that the method has only been validated on neutral molecules,
Solvate Analyser...

Aromatics Analyser... Please cite this artide.

Descriptor Settings

Conformer Generation...
Fraction M, O atoms M/L axis ratio

Launch DASH S axis Dipole moment magnitude
S/L axis ratio
QOutput Settings
Create: Multi-mol2 ] Folder of mol2s
Far:
Molecules which pass
[ ] Molecules which fail
Display Options
Display Options . .
Waorking directory; lalnnew‘Dnmmentstapan_ZD 19/1T/MC_HBP_demao | Browse. ..
facan |:| Short Contact < (sum of vdW radii) Contacts... SArychvlooens D Depliiue
AsymmetricUnt [ H.pond Default definition stoncelaxes [ ] 2ipong
D Auto centre More Info N l:‘ Label atoms Stereo

Powder...

Reset Mext Cancel

Press the left mouse button and move the mouse to rotate the structure




Hydrogen Bond Propensity Gt

Predict likely hydrogen bonds for
a given molecule

Assess crystal forms, e.g., by
identifying sub-optimal hydrogen
bonding

Calculate hydrogen bond
propensities for individual donor
and acceptor groups

Perform a comprehensive analysis
of hydrogen bonding on a set of
structures

VUSDIX06 - Arrangement for the
metastable Form |

Mear\ H-Bond Propensity

\ Lot

A \ ‘
/ﬂ e VUSDIXO03 - another
Other likely —* \ observed form in the CSD
H-bonded
networks .

VUSDIX04 - The most
likely arrangement
which is the
thermodynamically
stable Form XL|

Mean H-Bond Co-ordination

e



Calculating a Hydrogen Bond Propensity - -

D
@ JURZOO (C2) - Mercury
File Edit GSelection Display Calculate C5D-Cemmunity C5D-Core (CSD-Materials CSD-Discovery  CSD Python APl Help
e
. . o ;
Picking Mode: Lasso Atoms Search p Show Labels for Al atoms with  Atom Label
Style: Ball and Stick * Colour: by Element . hvs Atom selections: ks l
Calculations L4
l:l Animate... Default view: b ~ | a b c a* b* T T S, L R YT, -
Polymorph Assessment Hydrogen Bond Propensities... . . .
Propensity Prediction Wizard
. H-bond Coordination Cuick-viey
Co-Crystal Design . . -
Target Selection and Functional Group Definition
Full Interaction Maps...
Working directory: |C:,|1Jsers,|’ward | Browse...
Hyd rate Ana Iyser... Show advanced options
Solvate AﬂﬁlySEI’... Functional group library: |C:,|'Program Files/CCDC/CSD_2021/Mercury ffunctional _groups | Browse...
- Selected datab H CSD 5.42, Feb21 Select...
Aromatics Analyser... Fleciea datahases ik =
Hydrogen bend definition: Edit... Use existing regression data: Load... Clear
Conformer Generation...
@ ounchoasH e
Donors and acceptors Functional groups
D A to
onors Cceptors add‘ y
N5H N2 CI1 v Matched from libra...
Iz ] c acyclic_ar_et.. Sketch...
01 ar_cl
M1 ar M_MNH2
H3 cil "1 N2 pyrazoline_2 ik
o1 N3 M3 saturated_rin...
N5 Edit...
Display Opticns O
Display Options H2 N2 N1 Remove
facan |:| Short Contact < (sum of vdW radii) Contacts... Shoxchydtooens |:
- e Remove Al
Asymmetric Unit l:‘ H-Bond Default definition Show cell axes [ f All donors and acceptors matched
D Auto centre More Info d E‘ Label atoms
Powder...
Reset
Cancel
Press the left mouse button and move the mouse to rotate the structure ,




Aromatics Analyser ~

- Intuitive visualisation & | NN e
guantitative scoring of aromatic T
iNteractions :

» Provides guidance on which et e e
geometries result in stabilising ot o e S B i
aromatic interactions 1 e e Tkl

- Quantitative assessment provides Tt
score between O (no stabilising b m em |
contribution) and 10 (an ideal s1 2 em 0 v 52 | Modms
aromatic |mteract|on) 6 1 3 617 0 Yes 52 Moderate

- Based on an Artificial Neural s s mm v o5 wek
Network trained agal Nnst DFT [ Include Intramolecular pairs [ Exclude symmetry equivalent interactions | Calculate e

calculations

CCDC
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g the Aromatics Analyser f»
@ HXACAN (Pcab) - Mercury
File Edit Selection Display Calculate CS5D-Community C5D-Core CSD-Materials  CSD-Discovery  CSD Python APl Help
Picking Mode: Lasso Atoms b Show Labels for  All atoms with  Atom Label
Search L4
Style: Ball and Stick ~ Colour: by Element Calculations » b Atom selections: hs
I:‘ Animate. .. Default view: b ~| a b ¢ & b K+90 -390 y+90 z-80 z+90 ¢ > ). T zoom- zoom+ - Selectby SMARTS:

Polymeorph Assessment

Co-Crystal Design

0 Aromatics Analyser... HEACAN

Select atoms in just one molecule

Full Interaction Maps...

| ~ Hydrate Analyser,
) ) ) Relative Inter-
Centroidl Centroid2 Distance Orientation molecular Score Assesement
Solvate Analyser...
11 2 4,65 5843 Yes 8.9
Aromatics Analyser...
Conformer Generation...
31 12 5.94 26.95 Yes 59 Moderate
@ ‘eunchoask
4 1 7 8.93 ] Yes 0.6 Weak
51 ] 8.6 5843 Yes 0.6 Weak
6 1 B 9.38 ] Yes 0.4 Weak
71 4 9.88 50.79 Yes 0.2 Weak
l:‘ Include Intramolecular pairs Exclude symmetry equivalent interactions
Calculate Atom info Close

Reset

Press the left mouse button and move the mouse to rotate the structure

Contacts...

More Info o~

Powder...

Options

Show hydrogens E\ Depth cue
Show cell axes l:‘ 2Z-Clipping

|:| Label atoms Stereo




Full Interaction Maps (FIMs)

. : : hydrogen-bond
Map Interaction preferemces donor e

around complete molecules in
a crystal structure

* Visualise observed atom-atom
contacts with respect to likely

geometries in 3D space

e : hydrogen-bond
* |dentify interaction hot-spots agcep?or

around chemical groups

CCDC



Understanding intermolecular interactions

central group: -CONH,,
contact group: NH

\_>
-

Search for structures containing desired contact

Superimpose hits and display as scatterplots or contour

o CCDC




KN G ‘
Combining plots into Full Interaction Maps . .

« Molecule is broken down into fragments T :

* |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 educational videf the right time
to write a blog alf . > pbout FIMs, to
l:‘ Generate hotspots in the map Oxygen Atom . Launch DASH the first steps to M O re | n fo ava | | a b | e

Methyl Carbon

e N OUr blog and

RN

Aromatic CH Carbon
C-F Fluorine Full Interaction d presents the
— regions of highe \/ | e O erful tool that
< wie made it avail
A greatway o TSR T T 1O SHOUT T DT HOW IS (70T 00 ETE EPFEXTDIES et P Give you an idea
about insightful information that FIMs can provide on your molecules, crystal structures, and ligand inferactions. 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 ear Maps & Ho oad Maps... ave Maps... ose S
P P P P Show cell axes D 2Z-Clipping
MoreInfo ¥ D
(e Label atoms Stereo

=y 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

2

Calculate Maps

Calculate Maps

P Python APl Help

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

Defaults

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

R —

Uptions Maps Hotspots

Edit Existing Contours

Log Files

with Atom Label

([ al

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]

Visible Display Type  Opacity

triangle

triangle

triangle

triangle

triangle

Calculate Maps

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

Delete

® 2
®
£
e @ .
@
[
®
® g a\
Q )
k)
P @
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Explore More: More advanced uses

» Not enough time to explore all the insights that you can get from -
Full Interaction Maps. VS

* But here are a selection of more advanced tips and tricks

The session has resumed recording < < I N



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



@ UUMEG (C2/¢) - Mercury

You can also access
FIMs in the CSD-
Discovery menu

File Edit Selection Display Calculate CSD-Community CSD-Core CSD-Materials CSD—DiSCOVEI}’ )l Help

Search Full Interaction Maps...

Calculation Conformer Generation...

Polymorph @ Launch GOLD Docking

Launch Protein Interactions ¢
@ Full Interaction Maps Co—CrystaI °
fe st

Options ~ Maps  Hotspots  Log Files Full Interaction Maps...
Map Contour Levels

@
= Probe Colour A
Display first contour with initial level of 2.0

-

Uncharged NH Nitrogen
Display second contour with inital level of -

[] Charged NH Nitrogen

Display third contour with initial level of L IRNH3 Nitrogen -

[ Alcohol Oxygen
Hotspots Carbonyl Oxygen
(| Generate hotspots in the map [ ] Water Oxygen v

Defaults

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

Display Options g X :
Display Options |
| [] Packing [ ] Short Contact < (sum of vdW radii + 0.1A) Contadts... Show hydrogens [_] Depth cue l
| |:| Asymmetric Unit H-Bond User defined I:‘ Show cell axes I:‘ Z-Clipping l ( : ( : I ) ( :
| [ ] Auto centre DG [ ] Label atoms Stereo :
: Reset Powder... | L
|



Save FIMs

@ FEMPIY (Pben) - Mercury

File Edit Selection Display Calculate CSD-Community CSD-Core CSD-Materials

a Pl

CSD-Discovery CSD Python API

Help

Picking Mode: |Pick Atoms
g @ rull Interaction Maps

Style: |Ball and Stick ~ Col

D AR Default Options Maps Hotspots Log Files

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

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

Defaults

Close

X

— O X
th Atom Label
by SMARTS:[]
90 < —» | T zoom- zoom+

FEMPIY-FIMs

D Aromatic CH Carbon.acnt
D Aromatic CH_Carbon.err
D Aromatic CH_Carbon.ins
D Aromatic CH_Carbon

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

[ ] FEMPIY fim.mol2

D Uncharged_NH_Nitrogen.acnt
D Uncharged_NH_Nitrogen.err
D Uncharged_NH_Nitrogen.ins
= ncharged_NH_Nitrogen
= Uncharged_NH_Nitrog

You can save a FIM
iNn the Full
Interaction Maps

Options tab by
clicking Save Maps...

CCDC



Visualise FIMs In Hermes

@ Hermes — [l X
File Edit Selection Display Calculate Descriptors GOLD Databases CSD Python APl Help

. |
Highlighting [v| © Styles s @ Contour Surfaces i

Labels 4 E p

Colours 4
Show/Hide

»

Picking Mode: |Pick At Create  Edit

Read data from file e

Create Contour Surfaces

Atom selections:

Molecule Explorer

Ribbons & Tubes...

Data to Contour

Contour Surfaces... Choose structure 11GS e

| ‘ Set Field ID |Carb0nyl_0xygen.acnt |
Style Preferences... File [ 'FIMs_Hermes/Carbonyl_Oxygen.acnt|
Display Options... Minimum [o | Maximum [46.436 |

Overwrite on load Surface 1

Allow Multiple Instances Color | == Level [11.609 |

Surface 2

Toolbars 4

b

Color [mm Level 23.218 |

Surface 3

Color | ==

Number of surfaces

Level 34.827 |

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

You can generate FIMs
for a ligand in Mercury
and save the Maps as
seen in the previous
slide.

Load the Maps in
Hermes to visualise
the contour of the

FIMs in the
environment.

Getting started with Full Interaction Maps

Ilaria Gimondi - Egbryary. 15,2021

Our collection of educational resources has been growing throughout 2020, welcoming new How to videos (on our
“fouTube 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 lst us know how we are doing and how we can improve.

This manth we i ort): an
educational vide} o 0 < the right time
1o write a blog al M O re | nfo a\/a | | a b | e zbout FIMs. o

the first steps to

in our blog

Full Interaction Maps enables you to generate a 3D interaction map that wraps around a molecule and represents the
regions of higher probability to find interactions with certain functional groups. We believe it is such a pawerful tool that
wie made it available in Mercury with both the CSD-Materials and the CSD-Discovery licenses

How do
research

A great way to get starled with FIMs is fo show you how FIMs work, together with few examples that will give you an idea
abaut insightful information that FIMs can provide on your molecules, crystal structures, and ligand inferactions. Our naw
educational video on Filis aims exactly at this




Programmatic access to FIMs in our API °

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 AID/ > CSD CSD-Enterprise users.

. Pythotﬂ ?P/ " e Introduction ccdc.interaction.InteractionMapAnalysis
Ocumen O Ion e = Introduction v

= Use Cases

0 o . Analyse Crystal and The ccdc.interaction. InteractionMapAnalysis Uses crystallographic information about non-bonded interactions to
N CJV/QCJ te tO /I’? te I’CJCtIOﬂ 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 @) 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
interactions preferences “SuperStar: A knowledge-based approach for identifying interaction sites in proteins.”, M. L. Verdonk, J. C.
CSD Python APl Help Next topic Cole and R. Taylor, J. Mol. Biol., 289, 1093-1108, 1999, DOI- 10.1006/jmbi.1999.2800.
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, 65?72, 2013, DOI:
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
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pubs.acs.arg/erystal | Anticle |

Interaction Map Driven Cocrystallization of Ambrisentan: Structural
and Biopharmaceutical Evaluation

Jamshed Haneef,* Datta Markad, and Renu Chadha

Ci'ta This: Cryst. Growth Des. 2020, 20, 4612-4620 E Read Online

!E‘\C CESS | L!]_ Metrics & More | Article Recommendations | 0 Supporting Information

ABSTRACT: The present work deals with the development of cocrystal of ue —
ambrisentan (AMT) to improve its biopharmaceutical profile. Full interaction (%f{;ﬁ_;@:‘; )
maps (FIM) of AMT were explored to find out the potential sites for hydrogen

bonding and prediction of supramolecular synthons. This information was further AHBIEERT PR ——— Mrchamoseml
applied to the screening of amino acids as prospective coformers for Fredistion

cocrystallization of AMT. Mechanochemical reactions have resulted in two
cocrystals with L-aspartic acid and glycylglycine (dipeptide). The crystal structural
analysis revealed that the hydrogen-bonding pattern in the developed cocrystals
corroborated well with the predicted supramolecular synthons. The developed
cocrystals showed a remarkable improvement in solubility, intrinsic dissolution
rate, and im wivo systemic absorption as compared to the parent drug.
Complementarily, Hirshfeld surface maps together with crystal features established
a good structural—performance correlation of the developed cocrystals. Thus, the
systematic coerystallization driven by structural informatics tools is valuable in the
development of novel solid forms with improved biopharmaceutical attributes.

Jamshed Haneef, Datta Markad, and Renu Chadha, Crystal Growth & Design 2020 20 (7)

DOI:10.1021/acs.cgd.0c0042

Systematic cocrystallization

Novel solid forms with

Improved biopharmaceutical
attributes
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Get a certificate and help us improve

Do you want to earn a How did it go today?
completion certificate for this S
session? What do you want to learn

' next? K

| Complete the test . .
* Let us know in our short post-
2. Score 10/10 workshop survey

5. Recelve your certificate

» Test available until Friday at
2:00 pm BST!

Find the links for both survey in the

chat box or in tomorrow's email




Want to explore more? G
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https://www.ccde.cam.ac.uk/Community/educationalresources/

Training and Educational Resources s A=

®
The wealth of information contained within the Cambridge Structural Database (CSD) extends far beyond a collection of crystal structures. Knowledge derived from these materials pE @
informs much of chemistry, biochemistry, and biclogy. Chemical and structural concepts are often difficult to grasp without real world, interactive examples for students to explore.

The CCDC and our colleagues continually produce educational materials for use in classroom and computer lab settings, or as independent study modules. Many of these materials

°
LY are an educator looking for supplementary teaching materials, find out more about the Teaching Database here. If you have devel§ped your own modules using the
like to share them with the broader community, please contact us at education@ccdc.cam.ac.uk.

Register for * ¢
» ep up to date with the latest news from education and outreach at the CCDC, sign up for the Education and Cutreach Newsletter here.

CSD-Materials “f e . = ,, E&O N GWS|ett%~|’

' SN
Tools to help you to understand your material’s P [ ] ° \ ) |
behaviours and refine its properties. ‘ \
¥
L = -
Information on the Teaching Subset Access a series of teaching modules for use in the

DECOR: Educational Resources for Teaching

Self-guided

classroom Crystallography

WOrkshops ———
\/ I! »___%?;?

Download a series of self-guided workshop materials
for CCDC tools and features

On-demand
Mmodules with
completion
certificate

YouTube and LabTube

e channels
= : » | & :f
Explore the Periodic Table through Crystal Structures °

ol

g eb Leam

I

Access fun science activities for kids through the
CCDC Home learning page


https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/

