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Learning outcomes

Learn how informatics and data-driven approaches can be used to-
understand solid form design and risk assessment. 0

Learn how to use Motif searching.

Learn how to perform crystal packing feature searches.

Learn how to perform crystal packing similarity searches.

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

The Cambridge Structural Database - -

>1,170,000
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The 1.1 millionth CSD structure
A CSD Communication
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II * Every published structure

2021

* ASAP &early view

« CSD Communications
* Patents

* University repositories
* Theses

Every entry enriched and
annotated by experts

Discoverability of data and
knowledge

Sustainable for over 56 years

A CoreTrustSeal repository

Certified as Trustworthy
SEALJ by CoreTrustSeal

CCDC



CSD Refcode -
ELOFUJ

CSD Refcodes G T

What is ELOFUJ?
e A CSD Refcode

« A database reference code
« Containing 6-8 characters
« Used to identify entries in the CSD

PiS!

Refcode families

The same substances are assigned the same 6 letter code plus an additional 2 numbers
 Polymorphs

« New determinations or re-refinements of the same substance
« Determinations at different temperatures/pressures
Stereoisomers or different solvates, co-crystals, etc are assigned different refcode families

CCDC
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Inside the Cambridge Structural Database = .

Organic Additional data

4.39% 579, Agrochemicals ! 3 2 171,683 melting points
At least one transition metal, Dig ments L | B 909,992 Crystal colours

lanthanide, actinide or any of Al, .
Ga, In, Tl, Ge, Sn, Pb, Sb, Bi, Po EXp|OSIV€S 778’663 Crystal shapes

Protein ligands : 3 24,916 bioactivity details
11,387 natural source data
Metal-Organic > 250,000 oxidation states

Not Polymeric
899, Metal Organic Frameworks

Models for new catalysts - Links and subsets

Porous frameworks for gas storage g DrugBank

Fundamental chemical bonding e Druglike

. ' MOFs
Single Multi PDB ligands

e A oy ‘ W, T e ' ‘8
Component Component AR e ! . - | | PR PubChem
S56% 44% P QKO P by ’ ' '
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Number of co-crystals
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Year
Chart showing the number of co-crystals in the CSD by year and
colour coded by the average SMILES length. Image created by o
Katerina Vriza* a CCDC sponsored PhD student. Refcode families

Salts >1000,000

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



A solid form landscape

e

Y VUQOFO?

@%Yf%*$
T et
"&‘?‘f

*j:ﬁ@ @i:yf

IVUQEV

UPOQAS

B8 ~ope

<
“po
' {

VUQIZ

UPOQEW

Co-crystals




Impact of Hydrogen Bonding on lattice stabiiityi
-The Ritonavir story

facturi blems hit | >
fﬁﬁ‘(‘,‘tﬁﬁ H?;%Efg rii::;savﬁ « ~5-fold decrease in solubility

« Change in Hydrogen Bonding

hibitor

apsules of Abbout Labora-
ase inhibi
orv r)a

N, ) are likely to
becol c by the
lllll 1d e compa-
ny ha the man-
ufacture  of the anti- HIV
capsules w annot re-
solve at pre:

-,

‘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. ‘ < | N




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

Ureido
Carbamate

S
Thiazoyl A (0]
s JL ',I,' N.f Thiazoyl B

_<

o ] s
Hydroxy / ids S
Form |l 32% /" 409

Ureido
Carbamat

Thiazoyl A o j\
s JL ',:,' N.f Thiazoyl B

- g N
L D@ ™
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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

Jneed ‘Non-Hydrogen Bond'

Intermolecular
INnteractions

CCDC



The CSD software

CSD

Discovery.

©

SuperStar

©

GOLD

Mercury

Python API

CrossMiner

CSDMaterials.

00

DASH Python API Mercury

CSDCore.

Mogul MyStructures

ConQuest IsoStar

Hermes Python API

ald = e @ ®
Professional °
Services ¥

[ ] ® [ ]
T
Research

& Knowledge
partnerships

CSDCommunity.

® 000

Mercury enClFer Symmetry Deposit
CellCheck Educational Access MyStructures
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CSD-Materials overview @ © ZE
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Overview T

a structure to determine how

- Allow the exploration of aspects of e ’} .lv.y&»

/ \ b
usual a feature is, in context of the % “< " 1o
1.5%
CSD. o
37.7%
* Searches are easy to set up and . ‘ﬁ
By 9

return results in a useful format. 'f{ ...... J%:

we | C5D-Materials  C5D-Theory  C5D-Discovery  CSD Python APl Help

EI Search k Motifs... 22 3%

= Caleculations r Crystal Packing Feature... H —bOnd Motlfs
«

Crystal Packing Similarity...
- Polymorph Assessment  F rystal Facking similarity

M Searches..,
Co-Crystal Design L anage searches

Manage Motifs...
Full Interaction Maps...

Post Search Options

Hydrogen Bond Statistics...

Hydrate Analyser...
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Solvate Analyser...

Aromatics Analyser...

Conformer Generation...

Crystal Packing Feature C C D C
DASH has moved
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Searching motifs and crystal packing

- Motifs . e CrysjcaI.Paf:klng S
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Motifs )\

« Determine likely hydrogen bond l
Motifs 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. = Zﬁ v

* Analyse the results of crystal } Y
structure prediction runs by J < 22.3%
identifying the range of predicted -
motifs. Frequency of occurrence of Primary

Amide hydrogen bond motifs

CCDC



Searching for motifs

@ HXACAN (Pcab) - Mercury

File Edit Selection Display Calculate CSD-Community CsD-C¢ Coll-Materials  p-Theory CSD-Discovery CSDPython APl  Help

Picking Mode: |Pick Atoms ~ | Clear Measurements Search b Motifs...

Style: Ball and Stick  ~ Colour: | by Element or Suppression Manage Style . h

| s b o | Calculations s Crystal Packing Feature...

|:| Defaultview: a b c a* b* X-

Crystal Packing Similarity...
Polymorph Assessment r rystal Facking similanty

Co-Crystal Design r

Full Interaction Maps...
Hydrogen Bond Statistics...

Options

Hydrate Analyser...

Solvate Analyser...

Motif Search Wizard

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

Select one of the following options and then press 'Mext’. To build your own motifs, select the
'Create’ option.

Select motif option

Select pre-defined motifis)
() Create new motifs

bespoke
motifs

() Open a motif file {gmxml, mxml)

| | Cancel

€ Motif Search Wizard

Select search motifs

Use the 'select’ button to select motif se

> heteromeric
> Water Motifs E

€ Motif Search Wizard

Select search motifs

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

*  homomeric ~
CONHZ R2,2(8)
beta lactam ... |
gamma lacta...
delta lactam ...
beta lactam ...
gamma lacta...
delta lactam ...
hydroxy chain
trans amide ...
oxime R2,2(6)
MNCCMH2 R2,...
NCMNH2 R2,2(8)

amine nitrile ...

Linoa

B select Motif

.De—selectMoﬁf
LA N NN ] :
"-m S

COOH R2,2(8)

% homomeric
CCOOH R2,2(8)
COO0OH chain

Cancel




& Motif Search Wizard

Select search motifs

Use the 'select’ button to select motif search queries from the i

* homomeric
CONHZ R2,2(8)
beta lactam ...
gamma lacta...
delta lactam ...
beta lactam ...
gamma lacta...
delta lactam ...
hydroxy chain
trans amide ...
oxime R2,2(6)
MCCMNH2 R2,...
MNCNHZ R2,2(8)

~

amino nitrile ...
v

B3 select motif

. De-select Motif

COOH R2,2(8)

earch Wizard

Select search structures

&«

Motif Search Wizard

Enter a name for this search

Enter Search Mame

motif_search_1

Use the buttons to select/deselect items you wish to use

Available Structures

* [atabases
Mard2

=
|

T®,

-

Selected Struc

* Databases

{CSD 543

Mext

|| Cancel

=
e,
®
& v
°
L
L 2
-8 e
Al
®
® L8
= P .
0 .
=
P
»
® e
o °
"
€ ©
°

Start Search

Cancel

CCDC
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motif_search_2 ~ | | Options =

motif #Fstructures % frequency | i o

COOHRZ,.2(8) 7286 20,7
COOH chain 403 1.15

Searches g X e

motif_search_1 Options  *

Ll

motif #structures % frequency
COOHRZ,2(8) 3608 205

v COOHchain 217 1.23
ACEDACT
ACEDACT2
ACEDACT3
ACEDACT4
ACEDACTS
ACEDAC16 View Options
ACEDACTT ®
ACEDACTE
ACEDACT9

ACEDAC20 ) .
ACETACOT [ vist all matches [ Multi-view mode

ACETACO2 [] show negative results
ACETACO3

ACETACO7 .
ACETACOS Structure Navigator Searches
ADAGIY
AFOREU Post Search Opticns g X
ALILIS

AMALUW .
AMBZGUT motif_search_1 complete

AQONCJ
ARUVAK Would you like to:

ASUSAL
ATAXIE

View results: | by motif w

Save Results. ..

5 X View Options

Options

View results: | by motif ~

Edit Search...
Contacts... Show hydrogens  [] Depth cue [ List all matches [ Multi-view mode

[ show cell axes ] Z-Clipping [ Show negative results
[ Label atoms Stereo Filter Results...

Powder... MOXDOTO1 '-,-L- Pause

Structure Navigator Searches

More Info

These options are also available via the options button
located at the top right of the searches window

CCDC



Searching for a bespoke motif

Ar_al_tra ns_amide

-

* If a motifis not in the pre-
defined list you can create it.

« Additional steps: | v

1. Specify groups involved 2. Define contacts

@ Select substructure X

Substructure: |ar_al_trans_amide w

amine_5ring_1 ~ € Motif Search Wizard
amino

ar_al_amine
" Al
Al ar_al_ester

Elements

% ar_al_sther_2

N ar_al_ether_1 Specify contacts that will make up the motif search queg

T
ar_al_sulfone \/glﬂl
X ar_ar_amide_1 =
€ Motif Search Wizard ar_ar_ether 9

Specify groups that will make up the motif search queries

Functional groups

elect substructure X

Substructure: | ar_hydroxy ~

Elements

All c H o}
N si P ]

Remove

Next

Add...
Edit...

Remove

Cancel

Remove Al

b [}
®
o ® 8
(2]
P D
¥ Ar_hydroxys  * PN
Y ®
P g .
® » i\
o 8 o
1"\) o
™ ®
L J
¢ ¥ \
@ Contact picker X

Make a contact by selecting a group and an atom from both the “from™ and "to” lists.
From To

Group: |ar_hydroxy v Group:
Ator: Ao

T
OH. =
T .y
~—
T,
—
S

‘h""‘--. H“'-h..
=

S

"o

Contact Definition (between O atom and O atom)

Distance < sum of wvdW radi +0.1 Angstroms
=

h-bond angle unspecdified

oK | | Cancel |

CCDC
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Investigating intermolecular interactions: - .~ ..

* HXACAN

Ar_al_trans_amide

Ble]gle]g Acceptor Hits Frequency of
Occurrence

Ar_hydroxy Ar_al_trans_amide 41.6
Ar_hydroxy Ar_hydroxy 3413 12.3
Ar_al_trans_amide Ar_hydroxy 37 195
Ar_al_trans_amide Ar_al_trans_amide  113] 32.8

*Searched best representative list




Investigating possible co-formers

For the pure form, the frequency of occurrence of interactions:

NH of trans amide to OH 20% Trans-amide to trans-amide 33% /ety e
OH to C=0O trans amide 42% OH to OH 12% ’ :
Look at possible co-former groups: COOH, aromatic_nitrogen, saturated ring NH Y
rmotif B # structure % frequency Observed cocrystals

inter_A-B- (|A=MNH1 of ar_al_trans_amide B=0 of al_cooh_1) 60 35.7 O

inter_A-B- (|A=MNH1 of ar_al_trans_armide BE=N of aromatic_nitrogen ) 46 274 P

inter_A-B- (|A=NH1 of ar_al_trans_amide E=NH1 of saturated_ring_NH} | 3 9.09 2

inter_A-B- (|A=0 of al_cooh_1 E=0HT1 of ar_hydroxy } 135 25.1 1

inter_A-B- (|A=N of aromatic_nitrogen B=0OH1 of ar_hydroxy ) 1252 £3.8 12

inter_A-B- (|A=MNH1 of saturated_ring_NH E=0H1 of ar_hydroxy ) g3 44.1 4

CCDC



Crystal Packing
Similarity

Searching motifs and crystal packing

\__________—




Crystal Packing Feature Search e

 Perform a substructure search

* Investigate conformations of | TR . ~

.
.
-
.
.

mMolecules or bonded fragments

« Search for non-covalent
INteractions such as w-m or
hydrogen bond interactions

» Search for particular spatial
arrangements of functional

groups Query for S..H-N
interaction as found in a

thioamide derivative
(DUXXOJO]) I I2..I‘.‘IIII!I I 2.‘|1I!II I aniI:l:l I Z.BIII I ; I 3.EIEI: I

Sl HE

CCDC

» Search for particular spatial
arrangements of molecules



ol ]
[ J [ J -
Searchlng for packlng features “ SV
0 DUXKOIOT (P21/n) - Mercury — O X ‘ hd
File Edit Selection Display Calculate CSD-Community CSD-Core CSD-Materials |\ o piscovens  cSDPuthon AP Helo
Picking Mode: | Pick Atoms s | Clear Measurements IE Search 3 Motifs... Packing Feature Search Wizard
Style: |Ball and Stick  * Colour: |by Element ~ Manage Styles.. . b = = ] ] ]
: ) = el HiE Use this wizard to search for a crystal packing feature
[ Animate... Default view: b “ a b ¢ a* b* c* X- 3 i .
Crystal Packing Similarity...
Polymorph Assessment  # d a crystal structure in the visualizer and then select atoms to select the
arrangement of atoms you wish to search for.
: Manage Searche
Co-Crystal Design »
b Manage Motifs...
§ Full Interaction M ] ou have selected 6 atoms of 2 molecule(s) from DUX{0101
$ o ull Interaction Maps... Post Search Options

Hydrogen Bond Statistics...

-

Hydrate Analyser...

Solvate Analyser...
Aroratics Analyser... Next

Conformer Generation...

DasSH has moved

Select the
packing feature

CCDC
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% € Packing Feature Search Wizard

€ Packing Feature Search Wizard Allow tolerances on the geometry of the packing feature

Level of Geometric Similarity Reguired

Allow variable atom and bond types O veryhigh (O High ® Medium ) Low () Custom

Select the atoms and bonds you wish to vary and press 'Modify'. Or simply press Mext', Custom Tolerances

4k

atoms bonds Distances must match those of selected feature to within +or - |30 kS

R ” | t= hvd bond Search Options Angles must match those of selected feature to within +or - 20 + | degrees
atom residue  elements hydroger bonds
M4 1 M 1 3 Madify - |
M3 1 N 1 3 Match Options
s 1 C 0 3 Element ¢ c
Ha 2 H 1 H [ all matched fragments must belong to same molecule
]
N3 2 N 1 3 . Hydrogens o
51 1 5 0 1 Charge ’ \
Mumber of bonded atoms P}
Cyclicity b 5 [] show distances [ ] Show angles
L =narge P
] cydicity F [ et | cancel
£ >
Cl
Any
| MNext | | Cancel More L4 Any Halogen
Other Elements... Any Metal
Any Mon Metal

You may set some atoms or Ary Transition Meta
bonds to be variable. E.g, the Cork
CorM

selected ones could be Not Hydrogen
eithera Coran N [ 0o

= | SEDC




| Hs
bz

You may set to monitor
some parameters such
as distances, angles
and torsions

€ Packing Feature Search Wizard 3 N
@
Select Parameters P . .
@
Select atoms in the visualiser to select distance, angle or torsion parameters. Or simply g Iy ®
press "Mext', ° . ° L * ®
L ]
Parameter List ¥ \ by p !
o g @/ X
Current Selection: Delete
e )
84
| 51 H8 | | Rename " P
o ®
| Add Distance > | Y
% Packing Feature Search Wizard
Select search structures
lUse the buttons to select/deselect items you wish to use
Available Structures Selected Structures { 1161919 )
 [Databases + Databases
Mar22 (CSD 543

=l
il
T2,
=

Next || Cancel




Select filters and name
the run and start the
search!

Searches

g X

Packing Feature_feature_searcl ~ Options ™

Analyse the results’

1762 hits
ABEFAP
ABESUW
ABOVEW
ABOVOG
ACAFEQ

‘ ACAFEQDT

ACAFIU

ACAFUG

ACESOR

ACEXIQ

ACIZAP

ADAHET

ADAVOR

ADEZAL

ADEZALDZ

ADISIR

AFUGOZ

AFULOE

AGAVIP

RMS
0.043
0,143
0,118
0.133
0.253
0.156
0.245
0.24
0.231
0.181
0.146
0,192
0,147
0.187
0.198
0.077
0.236
0.1
0.209

51_H8 el
270176
2.51547
2.58532
2.56231
247326
2.54067
2.50152
2.64227
2.50903
2.69929
2.65814
2.64739
2.61819
2.54114
2.52302
277197
2.50472
2.60527
251117 v

View Options

[ show packing feature

[ show negative results

List all matches

Spreadsheet. ..

Structure Mavigator

Post Search Options

Searches

g X

Packing Feature_feature_search complete
Would you like to:

@ Data Analysis — >
File  Options
Packing Feature_feature_search Spreadsheet 1 g X
File Tools Descriptors Display Selection | Plots | Statistics [
Find identifier | Histogram
Polar histogram
|dentifier Scatterplot 1 H& ~
Packing Feature_feature_search|ABEFAP|O Pol S 2.7018
Packing Feature_feature_search|ABESUW|1 plar scalterplot b 5455
Packing Feature_feature_search| ABOVEW|2 Heat plot 2.5853
Packing Feature_feature_search|ABOVOG|3 ABOVOG 01330 2.5623
Packing Feature_feature_search|ACAFEQ4 ACAFEQ 02330 24783
Packing Feature_feature_search|ACAFEQD|3 ACAFECOT 01360 2.5407
Packing Feature_feature_search|ACAFIU|G ACAFIU 0.2430  2.3013
Packing Feature_feature_search|ACAFUG|7 ACAFUG 0.2400  2.6423
Packing Feature_feature_search|ACESOR|2 ACESOR 02310 2.5090
Packing Feature_feature_search|ACEXIQ|9 ACEXIQ 01810 2.6993
Packing Feature_feature_search|ACIZAP|10 ACIZAP 01460 26581 v
Packing Feature_feature_search Heat plot 1 g X
File Axes Mouse Display Selection Plots  Statistics [
0.500 — :_ 20
0.500 E 7
] - 60
] L 50
- E 40
E o
] :_ mn
0.100 C
] - 10
0 - :

2,200 2,400 2,600

2,800 3

S1_H8




Interactions that are not H-bonds

LAQKEV



CF< interaction with carbony! CF< interaction CF« ¢ T
Packing Feature search Packing Feature search
367 hits (5735 structures searched) 6.4% 2114 hits (12406 structures searched) 17.0%

-

Rf values for F...O interactions ~0.3 Rf value for CF;-CF; up to 1.26

Cole, J. C.; Taylor, R. Intermolecular Interactions of Organic Fluorine Seen in Perspective. Crystal < < I N

Growth & Design 2022, 22 (2),1352-1364. https//doi.org/10.1021/acs.cgd.1c01315.



https://doi.org/10.1021/acs.cgd.1c01315

Intramolecular geometry

- * Intramolecular bond

« How common is this?

ABACAJ

CCDC



Intramolecular geometry

Packing Feature Search Wizard

Use this wizard to search for a crystal packing feature

Load a crystal structure in the visualizer and then select atoms to select the
spatial arrangement of atoms you wish to search for.

Or load a previously defined feature

You have selected 6 atoms of 1 molecule(s) from ABACA)

€ Packing Feature Search Wizard

Allow variable atom and bond types

atoms bonds

atom residue elements
51 1 S
1 1 C
01 1 o}
(o1 1 C
N3 1 N
H& 1 H

Select the atoms and bonds you wish to vary and press ‘Modify', Or simply press Next'

Search Options
Modify e

Reset

Add Constraint

1 Number of hydrogens
] Number of bonds

[ charge

[ cydicity

€ Packing Feature Search Wizard

Select Parameters

select atoms in the visualiser to select distance, angle or torsion parameters. Or simply

press Mext',

P

arameter List

Current Selection:

Add =

51_01
01_C5_N3_C1
51_C1_N2.C5

Delete

Rename

MNext

|| Cancel

| mext || canel




S1_C1_N3_C5

et
- vl
tgf' }/},, p i P
‘ 7 - i ° p, ° @ "
% / 4 ; 3 ®
¢ . q 4 ®
- 4 ‘ b o .
/K\ \'/X\:ﬁ/ ° 9
)

E J . Intramolecular interaction not .. .. *
=y possible due to chemistry of * AN
' ‘ fragment

3
°

w2
® P ep oo e o & %;}' - w
T awe o= o = we \ ¥ . .
' - % When physically allowed, intra
S1_C1_N3_C5=-0.0702%01_C5_N3_C1-13.9 (R*0.00291) =

¥ | fS H bond, observed frequently
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Crystal Packing
Similarity

Searching motifs and crystal packing

\__________—



Crystal Packing Similarity ke

* Determine whether two crystal
structures are the same

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

 |dentify iso-structurality in solvates,

salts, hydrates & co-crystals
Packing Similarity analysis for:

« Find an experimentally observed * trans-rac-4-((4-(dimethylamino)phenyl)diazenyl)-N-(1-
o o - phenylethyl)benzamide (Refcode: URUCAN)
structure within a pl’edICtIOﬂ list « and its hydrated structure (Refcode: URUCEL)
« Quantify similarity between Molecules depicted in:
polymorphs, solvates, salts, hydrates & * magenta show the hydrated structure
co—crysta B *  blue show the anhydrated structure

CCDC
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[ ) [ ) [ ] [ ) [ ) -
Searching for packing similarity T
- o x ® al o5 )\ 8
@ URUCAN (C2/c) - Mercury @
®
File Edit Selection Display Calculate CSD-Community C5D-Core CSD-Materials  CSD-Discovery  C5D Python APl Help 1 &
g v ®
Picking Mode: Lasso Atoms N Search 3 Motifs... i tom Label o . ® [ e
Style: | Ball and Stick ~ Colour:  |by Element Calculations k Crystal Packing Feature... ° £
) ! C | Packing Similgatty... ; ® >
: = = M- -
|:| Animate. .. Default view: [b |l a b c a* b*| Polymorph Assessment b rysta ng I} m- zoom+ |: Select by SMARTS: . v
_ Manage Searche ¢
Co-Crystal Design r o
Manage Motifs... _ »
Full Interaction Maps... Post Search Options \
Hydrogen Bond Statistics... g Sirnilarity Wizard | &
Hydrate Analyser... Select structures to compare @ Enter Refcode W
Solvate Analyser... This toal allows you to identify similarity in crystal packing between structurs
. d. All structu: dded to the refel list will b d
Aromatics Analyser... :ng:dczomﬁ:-r;mp;is:n- “;ESE ® ® TRIRTENCE ISt W DE COMPAEY b e frode: |UF‘.UCEF'.|
Reference Structures Comparison Structures Refcode
- : LURUCER
Conformer Generation... URUCAN Family:
DA5SH has mowved
et Select ] Enter refcode family
Add Refcode... Add Refcode...
Remowve Remowve Cancel
|
Compare Mext Cancel

_ CCDC



€ Packing Similarity Wizard

@

Select Options e

 Reference
structure: grey
carbon atomes.

« Comparison
structure: green
C if in matching
molecules, red
C If missed
Mmatches.

Packing shell size

Size of molecular duster to compare: molecules

[ Filter comparisens that do not have all 30 molecules in common

Geometric tolerances

Distance tolerance: ljl S
Angle tolerance: ljl degrees

Defal X

€ Packing Similarity Wizard

Select Options

When comparing crystals

[ Allow molecular differences ] Allow structure inversion

] 1gnore hydrogen positions [ Ignore each atom's hydrogen count
] 1gnore bond types [ 1gnore each atom's bond count
When comparing multi-component crystals

[] 1gnore smallest molecular components

When comparing Z' = 1 crystals

] show only the highest similarity result

Default x

| Searches

g2 x
€ Packing Similarity Wizard crystal_comparison_1 v/ | options ~ |
reference comparison  molecules in corr RMS reference group

Enter a name for t URUCAN  URUCER 30 out of 30 0.096 groupl

S— Select
O Reference O Comparison O V\/h at to

| ) ’ ) Show missed matches

[ Group by similarity VISLJa | |Se

Structure Navigator Searches
: : ° : :

Enter Search Name

|crysia|_comparison_]]

|Cornpare|| Cancel

II | Post Search Options g x




Carbamazepine

- CBMZPN

* Quickly identify similarly
packed structures/
oolymorph families

W
,j:;‘

’kﬁ%?:z;cﬁ”

~ p
..'*\«c #_- é _-:Tﬁ:_ - “g‘/ j;:;,; -

24

Packing Similarity Wizard

Select structures to compare

This tool 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
added to the ‘comparison’ list.

Reference Structures Comparison Structures

@ Enter Refcode >

Refcode: |CBMZPN

ﬁeﬂ?lﬂde CBMZPN A
ami: | cemzPNOT

CEMZPNO2
| sekt| CBMZPND3
| AddRefeod CEMZPNI10

Remove CBMZPM11
CBMZPM12 W
WO -’1‘:» Enter refcode family lancel

.

" Tick Enter
refcode family
to add all the
structures of

carbamazepine

CCDC



Carbamazepine %

Show Structure -

Reference Comparisan Both s

Show missed matches °

« Quickly identify similarly packed o — /
structures/ polymorph families Stuchrs Neigaor | serches e

Es

reference comparison  molecules in corr RMS reference  PXRD similarity group spacegrouj density a b c alpha beta gamma
CBMZPMNOT CBMZPNOZ 15 outof 15 0.011 group? 1 v group] v
CEMZPNDT CBMZPMOZ 2 out of 15 0288 group?  0.803 CBMZPN13 P-1 1235 51856 20.57.. 22.24.. 84.19.. 87.97.. 85.1053
CBMZPNO1 CBMZPNID 15outef1s 0008  group2 1 CBMZPNOS R-3 1235 33454 33434 5233 %0 90 120
CBMZPNOT  CBMZPNTI 2 out of 15 0.306 group? 0,829 5 cazmzpwﬂ P-1 1239 51705 20574 22.245 284124 23.008 85.187
CBMZPNO1 CBMZPN12 2 outof 15 0127 group2  0.919 group

CBMZPM17 P21/n 138 74874 11.04.. 1377. 90 92939 90 c

[

CBMZPMNO1 CBMZPMN13  2outof15 0.274 group?  0.888 CBMZPNIZ P21/n 0 71874 1104 1377 80 o203 %0 ShO\/\/ m|556d matches
CEMZPNOT CBMZPN14 15 out of 15 0.028 group? 0,998 CEMZPN19 P21/n 138 7487 11041 13975 S0 @28 90
CBMZPMNO1 CBMZPMN16  1outof15 0.074 group? 0918 CBMZPNZD P21 1342 7542 11155 13913 90 92.885 90
CEMZPND1T  CBMZPN1T 15 outof 15 0.024 groupd  0.593 CBMZPM21 P21/n 1374 7498 11.058 13789 90 92.338 90
CBMZPNDT  CBMZPMN1E 15outof13 0.024 group2  0.993 CBMZPNZ2 P21/n 1382 74893 11.03. 13764 80 92953 90 ° |g Nore srMma | |eSt COon IpOﬂeﬂt
CBMZPMOT  CBMZPN19 15 out of 15 0.084 group2  0.993 CBEMZPMN23 P21/n 1,382 7.48%3 11.03.. 13.764 90 92,953 90
CBMZPMNOT  CBMZPN20 15 out of 15 0.015 group? 1 CBMZPNZT P21/n 1373 7494.. 11.06.. 13.80.. 90  92.91. 9D
CBMZPNO1 CBMZPN21 15 out of 15 0.078 group? 0,994 CBMZPNZE P21/n 1326 7578 11176 13991 90 93.08 9D A|| | | dﬁc
CBMZPNOT  CBMZPN22 15 outof 15 0.09 group?  0.992 CBMZPN2S P21/n 1327 7576 11188 13967 90 87.03 9D ° oW Mmolecular ditrerences
CBMZPMO1  CEMZPM23 15 out of 15 0.00 group? 0992 CBMZPMN3D P21/n 1283 768 1144 1382 90 9122 90
CEMZPMO1 CBMZPM27 15 out of 15 0.059 group?  0.995 CBMZPN31 P21/n 1386 746 11.04 1376 90 9261 9D
CBMZPNO1 CBMZPN28 15 out of 15 0073 group2  0.998 CBMZPN32 P2T/n 1334 7334 1115 13917 90 9294 90
CBMZPNOT CBMZPN29 15 out of 15 0.057 group2  0.998 CBMZPN33 P21/n 1376 74907 11038 13.78.. 90 92903 90
CBMZPNOT CBMZPN30 15 out of 15 0229  group2 0982 Egmimg‘l ﬁif 1$ 12‘3 m‘f’ 1:'3:? £ ;;_Zf x
CBMZPNOT — CBMZPN3T 15 out of 15 0.093 group2 0993 CBMZPNID P?_U: 1343 7537 11156 13972 90 9286 90
CBMZPMNO1 CBMZPNIZ 15outof 15 0.161 group? 0,997 CBMZPNI14 P21/ 133 7o 11136 13954 90 92938 90
CBMZPNO1 CBMZPN33 15 out of 15 0.07 group? 0,994 v group3
CBMZPNDZ CBMZPN10 15 out of 15 0.012 group? 1 v groups
CBMZPMNO2  CBMZPN11 2 outof 15 0.309 group?  0.89 CBMZPN1E Phbca 1326 91245 1045.. 2482.. 90 80 9D
CBMZPMNO2 CBMZPM12Z  2outof15 013 group? 0919 s



[ ] [ ]
Review of basics of Mercury |
@
@ AABHTZ (P-1) - Mercury — O X
File Edit Selection Display Calculate CSD-Community C5D-Core  C5D-Materials  C5D-Discovery  C5D Python AP1 Help
Picking Mode: | Pick Atoms ~ | Clear Measurements @p @ |:| Show Labels for | All atoms with  Atom Label
Style: Balland Stick ™ Colour: | by Element or Suppression ™ Manage Styles... |Work b Atom selections: bed
l:‘ Animate. .. Default view: |b v| a b c a* b* c* X- X+ y- y+ z- z+ x-90 x+90 y-90 y+90 z90 z+90 & = J T zoom- zoom+ | Selectby SMARTS:|[c]
Structure Navigator & X
AABHTZ Fod
Crystal Structures Spacegroup 2
AABHTZ P-1
AACANITO0 P21/c
AACANIT1 P21/c
AACFAZ Pbcn
AACFAZ10 Pbcn
AACMAL P21/c
AACMHX10 Pbca
AACRHA Pncm
AACRHC P-1
AACRUB Cc
AACRUBO1 C2/c
AADAMC P21/c
AADMPY P-1
AADMPY10  P-1
AADRIB p21
AAGAGGT10  P212121
Display Options g X AAGGAG10 P21 &
Display Options
<< =
[ pading [ ] Short Contact < (sum of vdW radii) Contacts... show hydrogens || Depth cue -
I:‘ Asymmetric Unit I:‘ H_Bond Default definition I:‘ Show cell axes I:‘ Z-Clipping
l:‘ Auto centre More Info v |:| Label atoms Stereo l:‘ Multiple Structures
Reset Powder... Structures...

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




The 3D window basics

| eft mouse button and move — rotate
molecules

Middle Mouse wheel — move molecules up
and down

Right mouse button and move up and down
—zoom in and out of molecules

. Shift + Left mouse button and move - rotate

N the plane molecules

Ctrl +

i:
EEER

a3 a8
+

o Ctrl + Left mouse button and move - translate

mMolecules
CCDC



Right mouse click

Near a molecule

Selection

Styles

Colours
Labels
Show/Hide

Contacts

Delete this Molecule
Rotation Centre

IsoStar Interactions Check...

e

Measure
Clear Measurements

Packing

Selection
Styles
Colours
Labels
Show/Hide

Contacts
Picking Mode
View

Rotation Centre

New

Draw Backdrop

Display Options...

o

CCDC



File Edit Selection Display Calculate

CSD-Community CSD-System  CSD-Materials

Picking Mode: | Pick Atomr Styles [ 3 easurements@ f:) @3 [] Show Labels for All atoms
Style: | Capped Sticks = Manage Styles... Work - | - Atom selections:
: Labels
[] Animate... De b* ¢ | % w+ y y+ z- z+ %00 x+90 y-90 y+90
Colours L4 . :
»" Display Options
Show/Hide L4

Mare Information g

Symmetry Elements...

Voids...

Manage Styles...

Wiew along r

Dial box...

Splash screen

Toolbars

Display Options

Graph Sets
Intermuolecular Potentials
Searches

Post Search Options

Display Options... I

Structure Mavigator

Picking Toolbar

Labels

Display

Style Manager Toolbar
Atom Selection Toolbar
Select by SMARTS
Animation Toolbar

Crystal Orientation Operations

LA LR LKA X

Alignment and Crientation Operations

Display Options
|:| Packing D Short Contact < (sum of vdW radii) Contacts... Show hydrogens |:| Depth cue
[ ] Asymmetric Unit [] H-Bond Default definition R [ ] show cellaxes [ _] Z-Clipping
[] Auto centre ] Label atoms Stereo
Powider...
Reset

CSD-Discovery CSD Python API

Help
with Atom Label

z-90 z+90 < =+ L T zoom- il

Select bx SMARTS: >

Structure Navigator g X
] Find
Crystal Structures Spacegroup ~
AABHTZ  P-1
AACANITO P21/c
AACANITT P21/c
AACFAZ Pbcn
AACFAZ10 Pben
AACMAL  P21/c
AACMHX10 Pbca
AACRHA  Pncm
AACRHC  P-1
AACRUB Cc
AACRUBOT C2/c
AADAMC  P21/c
AADMPY  P-1
AADMPY10 P-1
AADRIB P21
AAGAGGT0 P212121
AAGGAGT0 P21
AALCFE P21/c
AALPRO P21/c
AAMAND  P212121
AAMTCO P
AAMTCO10 P-1
AAMTXP  P21/n
AANHOX  Pna2l
AANHOXO01T Pnall
& x AANOPM P21
AAPUNI P21/a W
<= ==
Tree View

[] multiple Structures

Structures...

ol 2
@
&
£}
e @ .
®
®
©
® ®
a
® B
o 3
@
e ®

Handy tips:
« Recovering
Toolbars
* Resetting

view

CCDC



Changing display - Style

Display Calculate CSD-Community CSD-System CSD-M

File Edit Selection Display Calculate C

_Picking Mode: Pick Atoms

Style:

Spacefill

. |E=:|I::|L

Styles 4 I Wireframe

Labels 4 Stick

Colours 4 Ball and stick

Show/Hide 4 Spacefill

More Information * Ellipsoid
Polyhedral

Symmetry Elements...

Voids Stick settings...

Display Options...
Manage Styles...

View along
Dial box...

v Splash screen

Toolbars

Ball and Stick settings...

Spacefill settings...
Ellipsoid settings...
Polyhedral settings...

Contact settings...

Measurement settings...

Selerted atnms

Animate...

r: by Element

ault view: b ~




] Packing and Slicing

Packing

Show cell axes
Label cell axes

Y
Y

Reset

+

0.5

Display Options
Display
[v/| Packing |
|:| Asymmetric Unit

|:| Auto cenfre

Reset T

C50-Materials

C5D-Discovery S0 Python AP

\[b Q @} I:‘ Show Labels for | All atoms

@ AABHTZ (P-1) - Mercury
File Edit Selection Display = Calculate C50-Community  C5D-Core
Picking Mode: Expand Contacts C EntrDidS... rements
Style: | Ball and Stick » Colour: PIEHES...

Animate. .. Default view . .. X+ y-
L] Packing/Slicing...

Contacts...
Molecular Shell...
Graph Sets...

ndude atoms

O ... that Fit
@ .« in molecules whose Centroids fit
O ... in molecules where Any atom fits

... in molecules where All atoms fit

Reset
button:
a friend!

|:| Short Contact < (sum of vd

H-Bond

Click on a red contact to see the whole molecule

Manage Styles... |Publication

¥+ - z+

Contacts...

Mare Info -

Poweder...

X-90 x+90 y-90 y+90 z-90 z+90

b Atom selections:

Options
Show hydrogens D Depth cue

I W | Show cell axes ID Z-Clipping
I:‘ Label atoms

Stereo

= = J T zoom+

with | Atom Label

- O
Select by SMARTS: »

Structure Mavigator g X
AABHTZ |
Crystal Structures ™

ABRHTE P

Al NI P

ARLANITT P

ANCEAL Phon

Al AT b

A BASL P

Al MHXTD  Phoa

ASLRHA P

ASCHHC P-1

AL e

AACRUBDT  Ca%

A8 DARMIC P

A LAY -1

AAMAPYID P

Al iRIH P

AAGAGID P22 .

AAGGAGIO P21 W
< >

<< =5

Tree View

|:| Multiple Structures

Structures...




@ HXACAN (Pcab) - Mercury - O *
File Edit Selection Display Calculate CSD-Community  C5D-Core  CSD-Materials  CSD-Discovery  C5D Python APl Help e
Picking Mode: Expand Contacts VI Clear Measurements ‘[b Q @} I:‘ Show Labels for | All atoms with | Atom Label
@
Style: Ball and Stick ~ Colour: by Element ~ Manage Styles... |Publication h's Atom selections: s F3
|:| Animate. .. Default view: |b »lla b c a* b* c* ¥- X+ y- y+ z- Z+  ¥90 x+90 y-90 y+90 z-90 z+90 < > ) T zoom- =zoom+ | Selectby SMARTS: »
® ]
Structure Navigator g X B
L
HXACAN Fd ||, XA
[ £l
Crystal Structures ™
@ Define H-bonds X o
Select options and dick OK or Apply when done
l:‘ Require hydrogen atom to be present
D-H...Aangle == 120.0 : degrees
9
Doner atom types: Acceptor atom types:
l:‘ all donors ~ Vl:‘ all acceptors ~
v nitragen V nitrogen
metal bound N metal bound N
imine N terminal M (cyano, etc.)
arematic (6-ring) N arematic (G-ring) N
[ /] aide o th de other 2-coordinate N
3-coordinate M
unclassified M
BMH s [ 7] nvunen R

C | i C k O n - D efa u | t assified properly for non-Cambridge Structural Database structures

definition” to

stance

re
Eptor separated by > bonds

w e ]

Display Options Cha nge the s |5.oo
iz )
= — default H-bond EEE
D Packjng _ D Short Contact e (eur of v W o radu’ Contacts... Show hydrogens d f. PO
|:| Asymmetric UnitI H-Bond Default definition I:‘ Show cell axes I:‘ e I n It | O ﬂ
|:| Auto centre - More Info hd I:‘ Label atoms
Reset Fowder... Default Cancel
Click on a red contact to see the whole molecule




@ HXACAN (Pcab) - Mercury
File Edit Selection Display Calculate CSD-Community  C5D-Core  CSD-Materials  CSD-Discovery  C5D Python APl Help
B —

Picking Mode: Expand Contacts | Clear Measurements {b Q @? I:‘ Show Labels for | All atoms
Style: Ball and Stick ~ Colour: by Element ~ Manage Styles... |Publication h's Atom selections:
|:| Animate. .. Default view: |b »lla b c a* b* c* - X+ y- ¥+ zZ- Z+  x90 x+90 y-90 y+90 z-90

Left click on the
atoms at the end
of the dashed lines
(known as
hanging contacts)
to expand the
network

Display Options

Tip - Change H-bond thickness by

Display>Styles>Contact settings...

Click on a red contact to see the whole molecule

z+30

Selection

Styles

Colours
Labels

Show/Hide

Contacts

Delete this Molecule

Rotation Centre

|so5tar Interactions Check...

Tip - Change H-bond colours by
Display>Colours>Contacts...
>colour by distance>All contacts

- O >
“ with Atom Label \
& > | T zom- zom+ = Selectby SMARTS: » r
Structure Navigator g X - B
X HXACAN
, Crystal Structures ng ht Cllck on
R hanging contacts
, O see more
advanced options
Expand All . .
X including delete
Expand Contact .
S Nonging contacts
Expand Contacts from this Atomn
2

Expand Contacts from this Melecule

Find Contacts from this Atom

Find Contacts from this Molecule

Delete Hanging Contacts

Delete Contact

Delete Contacts from this Atom
Delete Contacts from this Molecule

Delete this Molecule

JC

Reset Contacts



Graph Sets

Calculate  C5D-Community

Centroids...

Planes...

Packing/Slicing...
Contacts...
Maolecular Shell...

Graph Sets...
Powder Pattern...

Structure Overlay...

Molecule Overlay...

Craph Sets describe the

H-bonds pattern.
Learn more in the Glossary
on the handout.

Display Options
Display

Graph Sets

@ HXACAN (Pcab) - Mercury — O
Eile Edit Selection Display Calculate CSD-Community C5D-Core  CSD-Materials  CSD-Discovery  C5D Python API Help

Ficking Mode: Expand Contacts ~ | Clear Measurements @ Q @? |:| Show Labels for | All stoms

Style: Ball and Stick ~ Colour: by Element A Manage Styles... |Publication h's Atom selections: b
|:| Animate. .. Default view: | b V¥ oa b ocoa® bT ot ox xd oy oy+ z-oz+ x50 x480 y-80 y480 7' select by SMART:

»

_ A
descriptor

C1,1(7) a
C1,1(9) b
C2,2(6) »a>b
€2,2(16) »a<b

R4 4(22) »a»b<a>b

R6.6(30) »a=a=h<a
R66(40) »a=b>b=<a

<

C4.4(22) »a»b=a<b

level  pericd #rolecules

1
1
2
2
2
2

<a=h 2
*h=>b 2

=T = T N S R
(= T = TN S I, T K I K (N 8

Click through the
graph set descriptors
to see the different H-

bond patterns

|:| Packing I:' Short Contact =<
l:' Auto cenfre

Reset

(sum of vdW radii) Contacts...

[ ] Asymmetric unit H-Bond Default definition

Maore Info -

Powder...

Click on a red contact to see the whole molecule

Options

Show hydrogens |:| Depth cue
|:| Show cell axes |:| Z-Clipping

|:| Label atoms Stereo




2]

Explore More: Tips and tricks G

* What else can you do with It o e U : %@
. . . £ X £ if* g T °
CSD-Materials to investigate 4, A 4 similrity 7 8- SPIAR |/ o e eR
: T, T~ MotifSearch &  Hydrate Analyser & ‘€SD.Conformer
your solid form? /" /" Packing Feature Search SolvateAnalyser - Generafor *
« What else can we learn from BiillselSultede] SellelRa el
- , Analysi n o FPLH¢
the 1.1 million structures in the = c ool
e oI T riad W

CSD to guide solid form design

ﬁL ésg- s Mol |
. TR T omplementarit
and risk assessment? 1 *’g : - complementEny

. Hydrogen
Full Interaction Bond

Maps N oolid Form Risk
ASsSessmen
The session has resumed recording < :< : I >< :



Full Interaction Maps (FIMs)

» FIMs enable you to generate a deroge”'bond
. . onaor
3D interaction map around a |
mMolecule representing regions
of higher probability to find
interactions with certain
functional groups.

* Visualise observed atom-atom

contacts with respect to likely hydrogen-bond
geometries in 3D space. acceptor

» |dentify interaction hot-spots '
around chemical groups.

CCDC



Creating a FIM

@ HXACAN (Peab) - Mercury

@ Full Interaction Maps

Options Maps Hotspots

Map Contour Levels

Display first contour with initial level of

Display second contour with inital level of 4.0

Log Files

Probe

Uncharged NH Nitrogen
Charged NH Nitrogen
RMH3 Nitrogen

<]

Display third contour with initial level of ] Alcohol Oxygen

Hotspots

l:‘ Generate hotspots in the map

Calculate Maps

Carbonyl Oxygen

<1

Water Oxygen
Oxygen Atom
Methyl Carbon
Aromatic CH Carbon
C-F Flugrine

RN

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

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

Defaults

Close

File  Edit Selection Display Calculate CSD-Community CSD-Core

b

C5D-Materials = CSD-Discovery  CSD Python APl Help

Search » _abels for | All atoms with | &tom Label

. Atom selections: ~
Calculations »

y-90 y+90 z90 z+90 & —» L T zoom- zoom+ | Select by SMARTS:

Polymorph Assessment
Co-Crystal Design
Full Interaction Maps...

Hydrate Analyser...
Solvate Analyser...

Aromatics Analyser...

Conforrmer Generation...

. Launch DASH

Reset

g X
Options
Contacts... Show hydrogens l:‘ Depth cue
Show cell axes \:\ Z-Clipping
Morc Iofo & D Label atoms Stereo

Powder...

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

ol 2
®
@
e @ .
®
[
®
a
® o
e £l
%
e @
°
®

CCDC



Hydrate Analyser S

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

Hydrogen bonding and
water space analysis for
frovitriptan succinate
trinydrate

« Obtain reports on the
assessments made

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
molecules

« 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 ST

= 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

« Designed to filter out molecules
unlikely to form co-crystals

Sorbic Acid

AMG 517

AMG 517:Sorbic
Acid |Delta|
|Delta|Pass 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
Moment
(/Debye)
1.03
1.65
0.62

0.38
0.35
0.03

<0.28

Yes

<b6.8

Yes

Fraction of
NO

0.25
0.20
0.05

<0.29

Yes
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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 L

Predict likely hydrogen bonds for
a given molecule

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

Calculate hydrogen bond
oropensities for individual donor
and acceptor groups

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

VUSDIX06 - Arrangement for the
metastable Form |

Mean\H-Bond Propensity

\ Lot
% »_\" f

) , ;
/ﬂ o VUSDIX03 - another

Other likely —* \ observed form in the CSD

H-bonded o

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 ,




Hydrogen Bond Statistics

« Hydrogen Bond Statistics allows OJ\’,&* T ‘

analysis of the usual- or unusual-

ness of observed hydrogen bonds )\{‘y‘;\; \

in a crystal structure.

* The interaction geometries are
out in the context of the million+ | e e e e e e ey Y
crystal structures in the CSD. :

« Contribute to assess the stability
of a given crystal structure.
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Crystal Structures Spacegroup
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Hydrate Analyser.., DEDNAC ~ P21/n
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DEDMEG Cmeca Results and analysis  View structures
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Hydrogen Bond Definition Edit
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Search
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Structures. ..
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Aromatics Analyser

* Intuitive yisualisaﬁion & |
guantitative scoring of aromatic
iNteractions

* Provides guidance on which
geometries result in stabilising
aromatic interactions

* Quantitative assessment provides
score between O (no stabilising
contribution) and 10 (an ideal
aromatic interaction)

 Based on an Artificial Neural
Network trained against DFT
calculations

®
® ® .
®
L
®
® aQ
Q 8
L]
P ®
°

OAromatics Analyser... ZZZPROO03 X

Bond types may be edited using Edit | Edit Structure... from the main window e

Centroidl  Centroid2  Distance Relativ_e Inter-_ Score
Orientation  iolecul:

1 1 8 4.79 46.23 Yes 83

2 1 9 4.79 46.23 Yes 83

31 10 4.79 46.23 Yes 83

4 1 11 4.79 46.23 Yes 83

5 1 2 6.17 0 Yes 5.2 Moderate

6 1 3 6.17 0 Yes 5.2 Moderate

7 1 4 9.04 43.74 Yes 05 Weak

8 1 5 9.04 43.74 Yes 05 Weak

D Include Intramolecular pairs |:| Exclude symmetry equivalent interactions Calculate Export Atom info

Close
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sing the Aromatics Analyser -»f

@ HXACAN (Pcab) - Mercury

File Edit Selection Display Calculate CS5D-Community C5D-Core CSD-Materials  CSD-Discovery  CSD Python APl Help
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Search L4
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Scientific research using CSD-Materials -

*ChemPubSoc
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 Pharmaceuticals |Hot Paper|

DOI: 10.1002/chem.201404693

CHEMISTRY

A European Journal

Full Paper

@ Insights into the Crystallisation Process from Anhydrous,

"

Abstract: Diatrizoic acid (DTA), a dinically used X-ray con-  reveal to b
trast agent, crystallises in two hydrated, three anhydrous  functionaliti
and nine solvated solid forms, all of which have been and whilst |
chamacterised by Xray crystallography.  Singlecrystal  ised in all ¢
neutron structures of DTA dihydrate and menosodium DTA  the hydrate
tetrahydrate have been determined. All of the solid-state  a hydrogen
structures have been analysed using partial atomic charges  water squal
and hardness algorithm (PACHA) calculations. Even though  formation ¢
in general all DTA crystal forms reveal similar intermolecular  solvates inv
interactions, the overall crystal packing differs considerably  hypothesis
from form to form. The water of the dihydrate is encapsul-  broken du
ated between a pair of host molecules, which calculations  process.
Introduction from physic
dissolution.
Pharmaceutically relevant small organic molecules tend to  ceutical cor
exist in more than one crystal form ™ These materials can  body fuids
represent different crystalline arrangements of the compound  reach the 1
itself leading to which differ by the c i rectly affect
of the molecule, by the overall packing, or by a combination  drug formul
of both® In addition, solvent molecules from the crystallis- Polymorp
ation process can be included into the crystal lattice, leading  studied,”!
to hydrates in the case of incorparated water and solvates for ~ compound
any other solvent.” Both hydrates and solvates are a special in order
case of cocrystal formation!®! Different crystal forms can  accessible |
exhibit quite varied physica-chemical characteristics, ranging  possible/
However,
it does not

Nttps://pulbs.acs.org/dol

Hydrated and Solvated Crystal Forms of Diatrizoic Acid

Katharina Fucke,**' Garry J. Mclntyre,"™ 9 Marie-Héléne Lemée-Cailleau,” Clive Wilkinson,"™
Alison J. Edwards,” Judith A. K. Howard,™ and Jonathan W. Steed*™

crystals

Review

Intermolecular Interactions in Functional Crystalline
Materials: From Data to Knowledge

Anna V. Vologzhanina'

pubs acs org/crystal

Packing Polymorphism Affecting the Optoelectronic Properties of a

n-Conjugated Organic Compound

Gilles H. Roche, David Flot, Joél J. E. Moreau, Olivier J. Dautel, Jean-Sébastien Filhol,

and Arie van der Lee™

.(im This: Cryst. Growth Des. 2021, 21, 3850-3863

I:I Read Online

ACCESS |

Ll Metrics & More |

Aticle Recommendations |

@ Supporting Information

ABSTRACT: [1]Benzothieno[3,2-b]benzothiophene (BTBT) deriva-
tives are widely employed as hole transport materials in organic field-
effect transistors. The electronic properties of these materials depend
critically on the crystal packing, which in turn depends on the choice of
the attached functional group. With symmetrically attached alcohol
chains, the structure may display different packing modes depending on
the number of CH, groups in the alkyl chain. The dipentanol BTBT
derivative has two polymorphs 1 and II, erystallizing from different
solvents, with distinct packing modes and consequently different
electronic properties. Whereas the conformational changes are very
small between 1 and IL and the hydrogen bonding networks in the
structures are identical, the adjacent BTBT cores are differently shifted

Investigating.
palymorphic organization

and oriented with respect to each other. It is shown by density

functional theory that polymorph I having unfavorable electronic properties is slightly more stable than polymorph IL. This is caused
by the much more attractive cross stacking between BTBT cores and CSOH chains in I than in IL The stacking in II originates
rather from electrostatic interactions between the BTBT cores. The differences and similarities with the packing modes of the
dibutanol and dihexanol derivatives are discussed. Both polymorphic forms I and II display negative uniaxial thermal expansion, but
in different directions with respect to the packing of the molecules. Different scanning calorimetry measurements suggest that more

than two polymorphs exist.

1. INTRODUCTION
Polymarphism is a widely occurring phenomenon in erystalline
materials.'~” Physicochemical properties of polymorphs can be
very different and thus have implications on how they interact
with their environment.”” Especially in pharmaceutical
the of po as been
recognized as an inevitable process, which needs to be
screened at an eady stage of the development of new

reflecting at the same time the huge number of new
compounds being discovered and deposited in the CSD.
This confirms in some sense McCrone's thesis'” that the
discovery of polymorphs is positively correlated with the
energy and time put into the study of the compound, or in
other words most single crystalline compounds are not
investigated in depth anymore whenever the growth of single
crystals suitable for X-ray diffraction analysis appears to be

a0s/T0 102 1/acs cad . 1cOOT//

Nttps//chemistry-europe.onlinelibrary.wiley.com/doi/abbs/101002/chem 201404693

ment Cnmpnul\ds, RAS. 28 Vavilova street, 119991 Moscow, Russia;

check for

tember 2019; Published: 13 September 2019 updates

organic, inorganic, and organometallic compounds are the
structure—property networks. In this review, some of these
Cambridge Crystallographic Data Center (CCDC) to analyze
properties are described. The potential of studies supported
(CSD)-Materials tools for investigation of dynamic processes
active, high energy, optical, (electro)conductive, and other
the prediction of novel solid forms (polymorphs, co-crystals,
unusual applications, the potential for further development
reported.

tabase; crystal structures; knowledge-based analysis;
rty relations; supramolecular chemistry

to the analysis of networks between chemical composition,

numerous properties of compounds dates back to 1960s.
technique and computational routines allowed to collect
ty of inorganic, organic, organometallic, and macromolecular
composition-structure-properties networks of these solids
lar geometry [1,2], steric, and electronic effects of functional
ing [5], role and energetic of numerous intermolecular
the crystallographic community to present crystallographic

- rings

L oLy

- discrete chains
Generate motif search

Define the functional

groups Select contact(s) View, sort and analyze all matches

Figure 2. Flowchart for the CSD Motif Search.

(a) (b)

Figure 3. Examples of the (a) Packing Feature and (b) Packing Similarity search hits. A sandwich of
a TPPM with two aromatic Cg rings was constructed as the Packing Feature from a reference (red)
[MOXMIV]* molecule and was also found in (blue) (QATTAH). The Packing Similarity comparison of
an orthorhombic polymorph of TPPM (blue) [MOXMANO02} with its’ three monoclinic polymorphs
gives the best similarity with (red) [MOXMANO03]. ® Here and below a six-letter CSD-Refcode of a
compound is given in Figure braces.

(a) (b) (c)

Figure 4. Carbamazepin molecules packed in (a) “translation stacks” in {CBMZPN11}, (b) “inversion
cups” in {CBMZPNO01} and (¢) “co-former pairs” in {UNEZAO}.
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What have we learnt?

How informatics and data-driven approaches can be used to understand’
solid form design and risk assessment.

How to use Motif searching to investigate motifs frequency in the CSD.
« Using a pre-defined motif or a bespoke one.

How to set up and run crystal packing feature searches.
* How to analyse the results generating plots.

How to perform crystal packing similarity searches.
« On a pair of structures (e.g., anhydrous-hydrate).
« Within a refcode family to identify polymorphs.

What other tools available in the CSD-Materials suite can be used to do.
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Want to explore more?
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CsD-Materials

Tools to help you to understand your material's
behaviours and refine its properties.

Self-guided worksho

S o T,
;x‘x )

https://www.ccdc.cam.ac.uk/Community/educationalresources/

Training and Educational Resources

The wealth of information contained within the Cambridge Structural Database (CSD) extends far beyond a collection of crystal structures.
informs much of chemistry, biochemistry, and biclogy. Chemical and structural concepts are often difficult to grasp without real world, inter.

owledge derived from these materials
tive examples for students to explore.

The CCDC and our colleagues continually produce educational materials for use in classroom and computer lab settings, or as independ
make use of the Teaching Subset - a freely available set of over 750 structures that can be investigated with the free version of our Merc
course, our database of over one million entries are available for free through our Access Structures portal.

t study modules. Many of these materials
visualisation and analysis program. Of

If you 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 CSD and
would like to share them with the broader community, please contact us at education@ccde.cam.ac.uk.

To keep up to date with the Iatest news from education and outreach at the CCDC, sign up for the Education and Outreach Newsletter here.
*f —-__o
\ .
o . P °

. L ] |
Y v '
« - -
Information on the Teaching Subset Access a series of teaching modules for use in the DECOR: Educational Resources for Teaching
classroom Crystallography

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

CSDU modules

ALHIMe Leafnipd channels

!

Access fun science activities for kids through the Explore the Periodic Table through Crystal Structures
CCDC Home learning page

Register for WORE
EKO newsletter * -

On-demand
modules with
completion
certificate

YouTube and LabTube

CDC
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