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Learning outcomes

* How to use the Mogul geometry check from Mercury
to assess the geometry of a molecule.

 How to run a geometry check on specific features (for
example a torsional angle) of a molecule that you load.

 How to interpret the results obtained.
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CSD-Core - Conformations

Mogul provides precise information on
preferred molecular geometries

« Validate molecular geometries rapidly
using interactive plots & statistics

* |[dentify any unusual features of a given
query structure

« Mine millions of chemically classified
obond lengths, angles, torsion angles and
ring conformations in the CSD

®
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Mogul

* Incorporates pre-computed libraries of bond lengths, valence ahgles
torsion angles and ring conformations derived entirely from the CSD

- Validate complete geometry: retrieve distributions, and figures of merit
for all bonds, angles, torsions and rings in the molecule

- Fragment Generalisation: If fragment specified is rare, Mogul will include
CSD results from the most similar fragments

« Hyperlinking to the CSD: View CSD entries in specific areas of histogram

* Integration with other software: Instruction file permits other programs
to interact with Mogul

Bruno et al, J. Chem. Inf. Comput. Sci., 44, 2133-2144, 2004 ( ( | N
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When could we use Mogul?

* In teaching to help us understand fundamental chemistry |
» To help design and assess new materials such as drug molecules

* To validate conformations

- To analyse calculated conformations

« To filter out protein-ligand docking solutions with unlikely ligand conformations
» To validate geometries

« To check molecular dimensions of new crystal structures
» To create restraint data/ligand dictionaries

* For protein refinement

« To guide small molecule structure solution from powder diffraction data

CCDC



Using Mogul to teach chemistry

Az-Introduction to “Access Structures”

Nuffield 3 Newcastle
szoltm'deamn University

The full CSD database, maintained by the Cambridge Crystallographic Data Centre, contains
over 800,000 real crystal structures. The full CSD software requires the purchase of an
annual site licence, but individual structures may be viewed and manipulated free of charge
using the “Access Structures” option on the CCDC website. It uses a JSMol viewer, thus
enabling them to be viewed on both Windows and Apple devices.

Getting Started

1. To use the CSD “Access Structures” function you will require a computer or laptop or

tablet with access to the internet.
2. You will then need to find CSD “Access Structures” page using one of these two methods:

. Typeinthe web address https://www.ccdc.cam.ac.uk/structures.
Il.  Type into a search engine such as Google “csd access structures” and click on the
link that says “Access Structures”.

Basics

< ‘ i CSD entry: CAFINE (=]

To view a e,
you need to type its refcode
(provided) into the ‘CSD refcode’
box. For the purpose of this
demo, type in the refcode
‘CAFINE’ for the crystal structure
of caffeine.

With the mouse you can hold left
click to manually rotate the
molecule and zoom using the
middle button.

The drop-down headed ‘Style’
can be used to change the
display.

The ‘Labels’ drop-d can be
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You will notice that caffeine also has an H;O molecule
incorporated to the crystal structure which appears to have no

used to label different atoms in
the molecule.

‘Packing’ options can be used to
look at the larger crystal
structure, e.g. the unit cell and
the bulk structure of 3x3x3 unit
cells.

hydrogen atoms! Older X-ray experiments could not pick up the
minimal electron density around the hydrogen atoms, so they
weren't able to be resolved and therefore could not be included in

the calculated crystal structure.

TOPTIP!
When looking at some crystal
structures on the database there will
be two species on a refcode, you may
only need to look at one of them. The:
two species are jons; ane is a pasitive.
ion and the other is a negative ion. It is.
of course not passible to have one ion
without the opposite ‘counter ion’.
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Value in query: 1.396A
15 175

Taken from over 450,000 benzene rings in

reported in the CSD

Nttos//www.ccdc.cam.ac uk/Community/educationalresources/teaching-modules
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https://www.ccdc.cam.ac.uk/Community/educationalresources/teaching-modules/

Journal of Pharmacy

* The term “solid form informatics” was first
|mtr0d uced |ﬂ mld—2000S The integration of solid-form informatics into

solid-form selection

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

« Use of structural knowled ge to inform k ey decisions i o ko o, b, s s, G 0, S,
INn pharmaceutical development e o

Cambridge Structural Database;

qualit-by-design; solid-form informatics; Objectives To demonstrate how the use of structural informatics during drug

solid-form selection development assists with the assessment of the risk of polymorphism and the
sclection of a commercial solid form.

* Now a key part of the solid form development S SRR R
workflow at most major pharmaceutical CrystEngComm
C O m p a n i eS Knowledge-based approaches to co-cgn’r

Cite this: CrystEngComm, 2014, 16, Peter A. Wood,* Neil Feeder, Matthew Furlow, Peter T. A. Galek, Colin R. Groom
5839 and Elna Pidcock

ROYAL SOCIETY
OF CHEMISTRY
o

View Article Online

Received 12th February 2014, The use of knowledge-based methods has been intimately connected with the field of co-crystal design
Accepted 10th March 2014 since the seminal papers of Etter and Desiraju in the 1990s. Here we explain and exemplify how rational
co-crystal design has been carried out in the past using crystal structure knowledge as well as presentin
DOI: 10.1039/c4ce00316k i g i o ° 9
/U - emerging methodologies for knowledge-based co-former selection.

www rsc org/erystengcomm
H Y 1. Introduction the structure of a synthetic f-C-arylglucoside published by

Deshpande and co-workers in 20127 This crystal structure
The definition of a co-crystal,"* whether this is the correct ~ contains water, ethanol, a zwitterionic component and a

- P8
-

Molecule

Form

Particle

term to use® and even whether it should contain a hyphen
has been debated at length in the literature. At the most
basic level, a co-crystal is a crystalline form composed from
two or more components with a particular stoichiometry.
Generally, the definitions used in the Crystal Engineering
field also place some or all of the following requirements on
the solid forms in question:

1. All components are organic species (ruling out inorganics
or organometallics).

2. None of the components are charged (otherwise classified
as salts).

3. None of the components are water (otherwise classified
as hydrates).

Robert Docherty et al Journal of Pharmacy and Pharmacology, (2015) 67, 857. doi: 10.1111/jphp.12394.
Taylor et al. J. Chem. Inf. Model., (2014) 54 (9), 2500. Wood, P. A. et al. CrystEngComm (2013) 15, 65

neutral AP1, so could be described as a co-crystal, hydrate,
solvate, zwitterionic salt or all of the above. Practically, the
definitions used will also vary based on the application of the
resulting co-crystal and the approaches for co-crystal design.
In this paper we focus mostly on systems where all the com-
ponents are neutral, organic species and point out if any
further assumptions or requirements are added through the
use of a certain design method.

Co-crystals are of interest in both academic research and
industrial application as they represent the opportunity to access
new solid forms and therefore modified physical properties.
This contrasts with polymorphism which, when observed, can
be difficult to control and rarely represents an opportunity to
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Characteristics that influence stability - -

Hydrogen Bond
Donor/Acceptor Pairing

‘Non-Hydrogen Bond’ bt
Intermolecular
INnteractions

R N
N
W

Molecular /

Conformation

Hydrogen Bond
Geometry, Symmetry
and Motif

We can mine the CSD to identify
these intra and intermolecular
geometric preferences.
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Using Mogul to check new structural data: .

Distributions a ‘
@ AABHTZ (P-1) - Mercury — [m] e
Fie Edit Selection Display Calculate CSD-Community CSD-COFE SD-Materials CSD-Discovery  CSD Python APl Help Validation
External reference files . i
PickngMode: pickaoms | Cearveas @ Launch WebCSD ms ~ with atom Label v ! XM
Sty Pobhedrel ~ Colours by Hement “['N  ConQuestHitHighlighting.. | | sdectbyswamrsfid | (e-g- Engh & Huber) ‘
D Default view: Launch ConQuest 90 y+90 290 2490 & > L T zoom- zoom+
Structure Navigator & x|

Data Analysis Module...

JCSD FINWEE10
PDB FK5

e Protein

Crystal Structures Spacet A
AABHTZ P

5
s rer pi ligands
AACANIT P21/c e — L : S P — . =

AACFAZ  Pbcn % %

AACFAZI0 Pben MolProbity Mogul Percentiles

AACMAL  P21/c
IsoStar Settings... AACMHX... Pbca

Select Databases... I \ A\

Mogul Geometry Check...
. Launch Megul
Mogul Settings...

IsoStar Interaction Check...

Launch lse5tar

Metric Score

S m a | | Ao s PDF report for depositor and
RSR-Z m = 0.123
Backbone = = 0.056 referees:
Rotamers we " 0.025

statistics and plots for the
Clashscore me -173

' | l O | eC u I eS Underpacking = =13 entry, per chain, per residue,

RNE picactam o and list of unusual features

Display Options

Worse Better
@ Mogul Results Viewer —

showfhide: [Colmns ~| [Fragments...| | |Desclectalfiogmens | | Export.. @ ccoc vegu

File Searches Databases Help

I Double click to view result in Mogul Buidquery | Resits and anclyss | View structures 1. Methods 2. Te;t methods
. ogul scarch - Torson ange - C21 €22 C2¢ 27 development blind with
Type Molecule Fragment Classification No. of hits Query value Lt w e unpublished
3 bond Ritort oy et Eement:Any
Excluce: None targets.
> angle Relevance  Number  Contribution
~ tersion > & 100 137 100.0% 2
v LIM_K21.901-B_pdblhak 1
39038 C1C2 Nt unusual {encugh hits) 13461 169.071 N Crystal Structure
59058 C1C6 Net unusual (enough hit) 13461 -10.086 R Prediction (CSP)
023 C21 11 C12 Nt unusual (enough hits) 43 11.263 H . Blind Test
€24€22 C21 N1 Nt unusual (enough hits) 40 75917 I .
€22 C24 N27 C30 Not unusual [enough hits) 932 -135722 : e O r e I C a
€22 €24 N27 C34 Nt unusual (enough hits) 938 76,119 ——_
€45 052 C43 C32 Nt unusual (enough hits) 2357 71842 ¢
€51C52 €43 C32 Nt unusual (enough hits) 2357 105.277 e —
€22 C21N11 €12 Mot unusual (few hits) 3 -165.684 statitics o =
023 C21 N11 C10 Unusual (enough hits) 45 -158,238 it ° © s ange = A
023 C21C22 €4 Unusual (enough hits) 42 dm) | 27584
o = oo Geeietbrs ik and g o (cejselecta ance .
3 C33 CaA i Unusual {enough fits) 137 oo 910 (st e ano 3, Compare predictions to
31032 €43 52 s 3 aatbrares
e i :::ng: pe istogram dsply anmmn | | e - experimental observations.
€22 €21 N1 C10 Unusual (few hits) 3 Deslayedhits; 17 Dcsonovisupdate [ Guster
- seecedn: 17 SAnsinseaan o o g update [ |

|.J.Bruno, G.P.Shields, R Taylor, Acta Cryst. (ZOH). B67, 333-349 DOI: 10.1107/S0108768111024608 ( < | N



Chemical coverage - the detalils.... Y,

A
L 2 ’ «

Based on data in the CSD - organic and metal-organic experimental structures y J
* Bond Lengths ' i
* Valance angles ” ;
* Torsion angles
« Rings

Large distributions are reduced by random selection

Bond fragments and rings involving metals are characterised in exactly the same way as
organic fragments

The following are not included:
* Bonds, angles & torsions involving H atoms
* Valence angles & torsions involving metals
* Cyclic torsions of rings less than 8 atoms
* Rings containing less than 5 atoms (fused and bridged rings are included)

CCDC



Show One: Mogul — Launch from Mercury:

Style: | Polyhedral

[J | Animate...

Display Options

File Edit Selection

@ AABHTZ (P-1) - Mercury

Picking Mode: | Pick Atoms

~ Colour: | by Element

Default view: b

R

a

b

C

L

at

Display Calculate CSD-Communit —2D-COre sp-Materials  CSD-Discovery  CSD Python API
v|clearve= @ Launch WebCSD

rll-

b"..

ConCuest Hit Highlighting...

Launch ConQuest
Data Analysis Module...

Maogul Geometry Check...

Launch Magul
Magul Settings...

|soStar Interaction Check...

Launch lsoStar

lsoStar Settings...

Select Databases...

— O >
Help
with Atom Label
» | - Select by SMARTS:|[c]

490 <« = J. T zoom- zoom+
Structure Navigator & X
AABHTZ Find
( rystal Structures Spacet N
— AABHTZ P-1

AACANITO P21/c
AACANIT1 P21/c
AACFAZ Pbecn
AACFAZ10 Pben
AACMAL  P21/c
AACMHX... Pbca
AACRHA  Pncm
AACRHC P-1
AACRUB  Cc
AACRUBO1 C2/c
AADAMC  P21/c
AADMPY  P-1
AADMPY10 P-1
AADRIB P21
AAGAGG10 P2121.
AAGGAG10 P21
AALCFE P21/c «
< >




Mogul Geometry Check

C50-Core  C5D-Materials  CSD-Disce
@ Launch WebCSD
ConCuest Hit Highlighting...
‘ Launch ConCuest
Data Analysis Medule...

Mogul Geometry Check...
‘ Launch Mogul
Meogul Settings...

IsaStar Interaction Check..,
’ Launch |so5tar
IsoStar Settings...

Select Databases...

@ Mogul Search Settings — X

Fragment Types
Bond Length Valence Angle Torsion Angle Ring

Search Filter Options

Available filters

R-factor <= 5.0% -

Bxdude |Solvents N

X| Apply filters Heaviest Element U .
> Exdude |Organometallics -

% Exclude

Powder structures

Search Mode
O Only find fragments that match exactly

@ Find similar fragments if number of exact matches is less than

Bonds Angles Torsions Rings

Customise fragment classification ...

Help Search Close

s

A complete analysis of all loaded molecule(s) will be performed.

To analyse just part of the displayed molecule(s), hit 'Cancel’
and select atoms before starting the analysis.

@ search Progress

X

Angle I 54%

Search completed - 41 observations «

CCDC



Mogul Geometry Check - Results R

7] Mogul Results Viewer — O X
Show [ hide : Fragments... Deselect all fragments Export...
Help I Double click to view result in Mogul
Type Maolecule Fragment Classificatior? Mo. of hits Cuery value Mez ™
* bond
» angle
¥ torsion
hd LIM_K21_901-B_pdbThak_1
C59058C1C2 Mot unusual (enough hits) 13461 169.071
C59 038 C1C6 Mot unusual (enough hits) 13461 -10.086
Q23 C21 N1 C12 Mot unusual (enough hits) 43 11.263
C24 C22 21T NN Mot unusual (enough hits) 40 -75.917
C22 C24 MN27 C30 Mot unusual (enough hits) 938 -155.722
C22 C24 N2T C34 Mot unusual (enough hits) 938 76.11%9
C45 C52 C43 C32 Mot unusual (enough hits) 2357 -71.842
C51C52C43C32 Mot unusual (enough hits) 2357 105.277
C22 C21 M11 212 Mot unusual (few hits] 3 -165.684
023 C21 N11 €10 Unusual (enough hits] 43 158.238
023 C21C22C24 Unusual (enough hits] 42 107.065
C21 C22 C24 N2T Unusual (enough hits] 137 22,055
3132 C43 C52 Unusual (enough hits] 131 -140.1
£33 C32C43C52 Unusual (enough hits] 131 47.369
C22 C2T N1 C10 Unusual (few hits] 3 24,815 v
< >

Colour code:

Blue: It is not unusual value in
the CSD and there are enough
data in the CSD for comparison.
Pink: It is not unusual value in
the CSD, but there are only few
data in the CSD for comparison.

Sltisan value
iNn the CSD and there are

IN the CSD for

comiparison.
Brown: It is an unusual value in
the CSD, but there are only few
data in the CSD for comparison.

CCDC
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ogul Geometry Check - Results G
@ Mogul Results Viewer - m} X ®
Show f hide : Fragments. .. Deselect all fragments [ Export... o .
o
Help [ Double click to view result in Mogul
Type Molecule Fragment Classification - No. of hits Query value Mean Std. dev. z-sC0rE x - mean Minimum Maximum Median | d{min) | A £l
W bhond
AABHTZ
W angle
v AABHTZ <

czcian Mot unusual (encugh hits) 10637 117372 118.409 1.966 0.528 1.038 86,903 152,624 118518
cec1cn Mot unusual (enough hits) 443 119477 115.883 1,750 0.227 0.406 111452 136611 119.752 . .
C2C1Ce Mot unusual (encugh hits) 421 123,139 122,057 2.602 0.402 1.082 79.010 129,445 122,401 S | n g | e C | | C k
cada Mot unusual (encugh hits) 10491 119,513 119.405 130 0.073 0.110 80,047 141,490 119.478
c4c3c2 Mot unusual (encugh hits) 20098 119.939 120.239 1325 0.181 0.240 T0.643 140,813 120,159 g
C3c4Cs Mot unusual (encugh hits) 10491 119.834 119.403 130 0.299 0.449 80,047 141490 119.478 t
cacsc Mot unusual (encugh hits) 10637 116.212 118.409 1.966 1.118 2197 86.905 152,624 118.518 O n a rOW O
C6C5CI2 Mot unusual (enough hits) 4419 121.434 119.883 1.790 0.867 1.551 111.452 136.611 118.752 . 3
CAC5CE Mot unusual (encugh hits) 421 122346 122.057 2,602 0.107 0.288 79.010 129,443 122.401
C1CBCS Mot unusual (encugh hits) 170 115125 116.276 3,163 0.364 1152 11.818 151.002 115.873 VI e\/\/ reS u | t | n
C3C6CT7 Mot unusual (enough hits) 142 126.222 122.066 3184 1.301 4136 106,172 133.828 121,766
C1CeCT Mot unusual (encugh hits) 142 118.637 122.066 3,184 1.074 3.429 106,172 133.828 121,766 M
CHCTNT Mot unusual (encugh hits) 63 120.071 121.580 1.633 0.924 1.309 118121 123394 121.710 e rC u ry
CTNT M2 Mot unusual (encugh hits) 304 117.522 117173 2,634 0.133 0.349 112.028 123777 117122
CEMNZ M1 Mot unusual (encugh hits) 16 124440 121412 5.026 0.603 3.028 110.211 126,188 123.650
C1Z N2 N1 Mot unusual (encugh hits) 15 116.721 115241 2607 0.568 1.480 111791 120.406 114.780
M2 T8 M3 Mot unusual (enough hits) 15 125.283 124.096 1376 0.863 1187 121.050 125790 124.354
M3 C8 M3 Mot unusual (encugh hits) 128 110.781 110.483 0.852 0.349 0.208 109,567 112225 110.237
CBMNI N4 Mot unusual (encugh hits) 47 106.679 105.504 2395 0.491 1175 100.785 114792 103.591
CHMNA N3 Mot unusual (enough hits) 150 107177 107.613 1.828 0.238 0.436 101,988 116.826 107.467
N3 C9 M4 Mot unusual (encugh hits) 61 110.746 110,183 0,364 0.995 0.361 108.650 111,600 110.233
CBMN3NE Mot unusual (encugh hits) 13 128,047 123.894 2,689 0.801 2,154 118.623 129.059 126473
CIN5C8 Mot unusual (encugh hits) 13 104613 105.933 1319 1.015 1338 103.742 108,706 103.802
CIMNI NG Mot unusual (encugh hits) 47 126,934 126.891 1,763 0.058 0.102 121,082 133.246 127.067
C10 NE N3 Mot unusual (encugh hits) 15 17419 118.913 1.083 1373 1.484 17419 120,816 118.696
C11 C10 N& Mot unusual (enough hits) 37 114417 114933 1.651 0.312 0.315 112.356 120514 114513
01 C10 M6 Mot unusual (encugh hits) 7 121348 121538 1427 0.133 0.189 116,489 123542 121.784
o1t Mot unusual (encugh hits) 4307 124,224 122,048 1.806 1.205 2177 91.903 161131 121.976
C13C12 N2 Mot unusual (enough hits) 34 117.582 116,154 0.832 1.532 1428 114,081 117.893 116.022
02 C12mM2 Mot unusual (enough hits) 34 117.664 119326 0.583 1.690 1.662 171 121407 118472
021213 Mot unusual (encugh hits) 433 124750 122.007 3.849 0.713 173.076 121.832
M3 C8 M2 Mot unusual (few h 4 7 0.578 1 1
Cl2 M2 C8 Unusual (enough hits) 8 2132

W torsion

A4 AABHTZ v

| — CCDC
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ogul Geometry Check - Mercury view -
@ AABHTZ (P-1) - Mercury - o % o y .,
File Edit Selecticn Display Calculate CSD-Community CSD-Core  CSD-Materials  CSD-Discovery  C5D Pythen APl Help ) »
&
Picking Mode: Lasso Atoms “ | Clear Measurements {b @ @? l:‘ Show Labels for |All atoms with  Atom Label P
£
Style: Wireframe v Colour: by Element or Suppression b Manage Styles... | Publication b Atom selections: RV < g
o >
D Animate. .. Default view: | b ~ | a b ca b* ¥- M+ Y- y+ z- Z+ %90 x+90 y90 y+90 =290 z+80 & = | T zoom- zoom+ | Select by SMARTS: [d
Structure Mavigator g x [ b
°
AABHTZ Find
<
©
Crystal Structures Spacegroup ~
% Databaszes
Fragment and v o3 .
AABHTZ P-1
measurement acann e
AACANITI P21/c
AAMCFAZ Phecn
S h OV\/ n AACFAZI0 Pbcn
AACMAL P21/c
AACMHKI0 Pbca
Pncm
You may want to explore s
y p Cc
C2/c
some the structures
! P-1
I P-1
Mmolecules or fragments
. . p212121
iN More detail
Display Qptions P21/c
) . P21/
DISDIE}-' Optons AARAARID I'!']1'Jf']1 v
|:| Packing l:‘ Short Contact < (sum of vdW radii) Contacts... Show hydrogens D Depth cue == >
l:‘ Asymmetric Unit D H-Bond Default definition D Show cell axes D Z-Clipping Tree View
l:' Auto centre More Info v l:‘ Label atoms Stereo
I:‘ Multiple Structures
Powder...
Reset Structures...
Press the left meouse butten and move the mouse to rotate the structure é
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ogul Geometry Check - Results G
@ Mogul Results Viewer - m} X ®
Show f hide : Fragments. .. Deselect all fragments [ Export... o .
o
Help [ Double click to view result in Mogul
Type Molecule Fragment Classification - No. of hits Query value Mean Std. dev. z-sC0rE x - mean Minimum Maximum Median | d{min) | A £l
W bhond
AABHTZ
W angle
v AABHTZ <

czcian Mot unusual (encugh hits) 10637 117372 118.409 1.966 0.528 1.038 86,903 152,624 118518
cec1cn Mot unusual (enough hits) 443 119477 115.883 1,750 0.227 0.406 111452 136611 119.752 .
c2c1ce Mot unusual (enough hits) 21 123.139 122057 2692 0.402 1.082 79.010 129.445 122401 DO u b | e C | | C k
cada Mot unusual (encugh hits) 10491 119,513 119.405 130 0.073 0.110 80,047 141,490 119.478
c4c3c2 Mot unusual (encugh hits) 20098 119.939 120.239 1325 0.181 0.240 T0.643 140,813 120,159 g
C3c4Cs Mot unusual (encugh hits) 10491 119.834 119.403 130 0.299 0.449 80,047 141490 119.478 t
cacsc Mot unusual (encugh hits) 10637 116.212 118.409 1.966 1.118 2197 86.905 152,624 118.518 O n a rOW O
C6C5CI2 Mot unusual (enough hits) 4419 121.434 119.883 1.790 0.867 1.551 111.452 136.611 118.752 . 3
CAC5CE Mot unusual (encugh hits) 421 122346 122.057 2,602 0.107 0.288 79.010 129,443 122.401
C1CBCS Mot unusual (encugh hits) 170 115125 116.276 3,163 0.364 1152 11.818 151.002 115.873 VI e\/\/ reS u | t | n
C3C6CT7 Mot unusual (enough hits) 142 126.222 122.066 3184 1.301 4136 106,172 133.828 121,766
C1CeCT Mot unusual (encugh hits) 142 118.637 122.066 3,184 1.074 3.429 106,172 133.828 121,766 M |
CHCTNT Mot unusual (encugh hits) 63 120.071 121.580 1.633 0.924 1.309 118121 123394 121.710 Og u
CTNT M2 Mot unusual (encugh hits) 304 117.522 117173 2,634 0.133 0.349 112.028 123777 117122
CEMNZ M1 Mot unusual (encugh hits) 16 124440 121412 5.026 0.603 3.028 110.211 126,188 123.650
C1Z N2 N1 Mot unusual (encugh hits) 15 116.721 115241 2607 0.568 1.480 111791 120.406 114.780
M2 T8 M3 Mot unusual (enough hits) 15 125.283 124.096 1376 0.863 1187 121.050 125790 124.354
M3 C8 M3 Mot unusual (encugh hits) 128 110.781 110.483 0.852 0.349 0.208 109,567 112225 110.237
CBMNI N4 Mot unusual (encugh hits) 47 106.679 105.504 2395 0.491 1175 100.785 114792 103.591
CHMNA N3 Mot unusual (enough hits) 150 107177 107.613 1.828 0.238 0.436 101,988 116.826 107.467
N3 C9 M4 Mot unusual (encugh hits) 61 110.746 110,183 0,364 0.995 0.361 108.650 111,600 110.233
CBMN3NE Mot unusual (encugh hits) 13 128,047 123.894 2,689 0.801 2,154 118.623 129.059 126473
CIN5C8 Mot unusual (encugh hits) 13 104613 105.933 1319 1.015 1338 103.742 108,706 103.802
CIMNI NG Mot unusual (encugh hits) 47 126,934 126.891 1,763 0.058 0.102 121,082 133.246 127.067
C10 NE N3 Mot unusual (encugh hits) 15 17419 118.913 1.083 1373 1.484 17419 120,816 118.696
C11 C10 N& Mot unusual (enough hits) 37 114417 114933 1.651 0.312 0.315 112.356 120514 114513
01 C10 M6 Mot unusual (encugh hits) 7 121348 121538 1427 0.133 0.189 116,489 123542 121.784
o1t Mot unusual (encugh hits) 4307 124,224 122,048 1.806 1.205 2177 91.903 161131 121.976
C13C12 N2 Mot unusual (enough hits) 34 117.582 116,154 0.832 1.532 1428 114,081 117.893 116.022
02 C12mM2 Mot unusual (enough hits) 34 117.664 119326 0.583 1.690 1.662 171 121407 118472
021213 Mot unusual (encugh hits) 433 124750 122.007 3.849 0.713 173.076 121.832
M3 C8 M2 Mot unusual (few h 4 7 0.578 1 1
Cl2 M2 C8 Unusual (enough hits) 8 2132

W torsion

A4 AABHTZ v

| — CCDC



Mogul Geometry Check — Results - e

@ CCDC Mogul 2020.3.0: AABHTZ (P-1) - Mercury - O x e N s P,

File Searches Databases Help = L

Build query Results and analysis View structures 1

I iaator Mogul search - Bond angle - C6 C5 CI2

All hits: 449 110 : ; ] i ° o
Accepted hits: 449 : : Value in query: 121.434° : : "
R-factor: Any Heaviest Element: Any : : :

Exdude: None

\/a|ue|n ______________________ . 3
your
structure

Relevance MNumber  Contribution
> 1.00 449 1000.0% 88 -

Results and
filters

66 -

Histogram -

built with
I
= ‘

View diagrams. .. Mare hits... data frOI I I
SO SRR SO N E N S S structures in
the CSD
Total : 445 :
Selected : 449 §
Mean : 119.883% :
Standard deviation : 1.790° U 1 :
Minimum : 111,452° 110 125 130 140
Lower gquartile : 113.909° Bond angle /
Median : 119,752° - - - |

Upper gquartile : 120,645
Maximum : 135.611%

| z-score | : 0,867 m
Data libraries

Click to (de)select bars; dick and drag to {de)select a range

Cluster only

[
St a t i St i C S Histogram display Select all hits in histogram C5D 5.42

Displayed hits: 449 CSD Feb21 update

available for
Deselect all hits in histogram

4 .
Filters... Cluster ( r I n g S
Selected hits: 445 =

CSD May21 update
Histogram: click in bar to deselect, click again to reselect. Right-click for eptions. C C D C

All fragments... View query...

vl




Mogul Geometr

eck — Results

0 CCDC Mogul 2020.3.0: AABHTZ (P-1) - Mercury

File  Searches

Databases Help

View structures

Build query Results and analysis
Results Navigator
Al hits: 449

Accepted hits: 449
R-factor: Any Heaviest Element: Any
Exdude: None

Relevance Murmber  Contribution

» 1.00 448 100.0%

View diagrams... More hits...

Statistics

Total : 445

Selected : 427
Mean : 119.650°

Standard deviation : 1.205%
Minimum : 111.452%
Lower quartile : 113.881°
Median : 119.667°
Upper quartile : 120.455%
Maximum : 121.884%
| z-score | @ 1.480

Mogul search - Bond angle - C& C5 CI2

All fragments. ..

View query...

1o vValue in query: 121.4:34=
. LIICK Oa rsor ..
~ binsto
UL DU [ A R deselect hits
%
[=]
z
5 “
23 -
o
110
Bond angle / ©
N 5 0 N 0 o N Y 1 1 |
Click to (de)select bars; dick and drag to (de)select a range
Data libraries
Histogram display Select all hits in histograth CSD 5.42 Iil
Displayed hits: 445 CSD Feb21 Update l:l Filters... Cluster
) Deselect all hits in histograth
Selected hits: 427

C5D May21 update

Histogram: click in bar to deselect, click again to reselect. Right-click for options,

-

L ©
o
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.
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Mogul Geometry Check - View structures

@ CCDC Mogul 2020.3.0: AABHTZ (P-1) - Mercury

File Searches Databases
Build query Results and analysis

Help

View structures

Refcode: AABHTZ Data Library: C5D 5.42

AABHTZ

FFFFFFFF

Fragment
@51& shown

Click through hits

Sh aaaaaaaaaaa

Measurement

given

AABHTZ A
ABAWI
ABAWOP
ABYTZL
ACBTZC
ACBTZDN0
ADAPIF
ADENON
AFESEK
AJETAL
AJETALDT
AMACGAH
AMACEL
AMACIP
APIKUH
AWIIA
AWIDG
AWDUM
AXEHIU
AXUTES
AYEZOV
AZITUA
BAKYAP
CAGNUU
CAGPAC
CEBLOM
CEQZI
ClGAD
CLPTBU
COPZOX
DAICAV
DAINUZ
DDDDDDD

H ‘
»
&
o
o

\

Click through
the refcode list

Number of
~ structures

D




Mogul Geometry Check - View structures - -

Dis
con
can g
WA

exf
Mo
geo

Build query

| Information
Diagram

3D Visualiser

sorder
1ments
e useful
/hen
loring
lecular
metries

Wiew entries

File Searches Databases

Results and analysis

0 CCDC Mogul 2020.3.0: AABHTZ (P-1) - Mercury

Help

View structures

Refcode: AABHTZ Data Library: C5D 5.42

O

X

AABHTZ

Identifier

Literature Reference
Formula
Compound MName
Synonym

Space Group

Cell Lengths

Cell Angles

Cell Volume

Lr

R-Factor (%)

AABHTZ

P.-EWerner, Cryst.5truct.Commun. (1976), 5, 873

Cy3 H12 Cla Ng O3

4-Acetoamido-3-(1-acetyl-2-(2 6-dichlorobenzylidene)hydrazine)-1,2 4-triazole

P12
a11.372(9) b 10.272(5) ¢ 7.359(9)

o 10§ @ Customise

769.9

zZ2Z Available Items {Right-dick for options)

4.1 W Cell

Disorder

Reduced Cell Lengths
Reduced Cell Angles

Palymorph

Reduced Cell Valume
W Experimental

Temperature (K)

Pressure
Density (CCDC)
Averane Siaoma (C-C)

Customise

<< Remove

Selected Items (Right-click for options)

Identifier

Literature Reference
Formula
Compound Name
Synonym

Space Group

Up

QK

Down

Cancel

AABHTZ
ABAWI
ABAWOP
ABYTZL
ACBTZC
ACBTZDN0
ADAPIF
ADENON
AFESEK
AJETAL
AJETALDT
AMACGAH
AMACEL
AMACIP
APIKUH
AWIIA
AWIDG
AWDUM
AXEHIU
AXUTES
AYEZOV
AZITUA
BAKYAP
CAGNUU
CAGPAC
CEBLOM
CEQZI
ClGAD
CLPTBU
COPZOX
DAICAV
DAINUZ
nInMLA

196 structures

Click through
the refcode list

=

n



Mogul Geometry Check - View structures

9 CCDC Mogul 2020.3.0: AABHTZ (P-1) - Mercury

File Searches Databases

Build query Results and analysis View structures

Information

Diagram

3D Visualiser

Wiew entries

Help

Refcode: ODAVIZ Data Library: CSD 5.42

O

X

ODAVIZ

Reset display Display fragments

Fragment and
mMmeasurement
shown

IZAQEH
JAKZUE
JEJYEC
JEIYIG
JIVEIM
JUFCUI
KEKVOQO
KEKWOP
KERVOT
KEVQOS
KOCZUA
KOSKIM
KOXWEZ
KUSPAC
KUZVIL
LAPROL
MESXEC
MIFFOX
MNATWA)
MNAVCAR
MNELYAH
MNETZIV
OCOSEG
ODAVIZ
OF0GOoQ
OKADOW
OKIGIA
OPUPAT
PADKUE
PAWWOA
PEGZOQ
PEHCOV
POCOHFK

196 structures

Click through
the refcode list

CDC



Mogul Geometry Check — Mercury

@ ODAVIZ (P21/c) - Mercury

File Edit Selection

Display Calculate CSD-Community  CSD-Core  CSD-Materials  CSD-Discovery  CSD Python APl Help

“ | Clear Measurements {b @@? l:‘ Show Labels for |All atoms

Manage Styles...

Reminder — you
can look at
ADPs when
available by

going to

Style >Ellipsoid

(only available if

iIncluded in file)

?

®..s

/
|

o

Picking Mode: Lasso Atoms
Style: Ellipsoid v Colour: by Element or Suppression
l:‘ Anim Default view: b ~| a b c a b* XN X+

l:' Packing
l:‘ Asymmetric Unit

l:' Auto centre

l:‘ Short Contact

[ ] H-Bond

Reset

< (sum of vdW radii)
Default definition

Press the left meouse butten and move the mouse to rotate the structure

+ z- 2+

Contacts...

More Info b

Powder...

Publication R

Atom selections:

X-90 x+90 w90 y+490 z90 z490

Options

Show hydrogens l:‘ Depth cue

D Show cell axes
l:‘ Label atoms

D Z-Clipping

Stereo

“ with | Atom Label
hvs

&« = J T zom- zoom+

view -,

Select by SMARTS: [c]

Structure Mavigator

ODAVIZ

Crystal Structures

ODAVIZ P21/c

QODAVOE C2/c
P-1
P21/n

ODAVOH 1

QDAVUL

ODAVUN

QDAVUNDT

ODAWAR

ODAWAS

ODAWASDT

ODAWAT

ODAWEYV

ODAWEW

ODAWEX

ODAWEXD

ODAWEY

ODAWIA

ODAWIADT

QODAWIE

ODAWIC

ACLALANIT.

Spacegroup

Tree View

<L

I:‘ Multiple Structures

Structures...

>

CSD Refcode
ODAVIZ

Reminder —
disordered
atoms in the
CSD are often
suppressed and
can pe coloured
differently using
Colour > by
Element or
Suppression

CCDC



Mogul Geometry Check - Build query

2020.3.0: AABHTZ (P-1) - Mercu

Databases Help

Build query Results and analysis View structures

Current Selection:

ggggg

Current
selection

Current
Mmeasurement

eeeee

Exercise 2

T
[=%
m
=
E:
g
[=]
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m
3
a
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m
Q
|
=
9
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=)
m
2
14
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Mogul Settings

@

o

Select Databases...

Display Opticns

@ AABHTZ (P-1) - Mercury - O X ) .
File Edit Selection Display Calculate CSD-Community ©3D-Core CSD-Materials CSD-Discovery (CSD Python APl Help .
o . )
Picking Mode: | Pick Atoms ~ | Clear Measu . Launch WebC5D All atoms with | Atom Label 2 S
Style:  Polyhedral Colour: | by Element Mz e : ¢ @ Mogul Data Library Settings
tyle: Polyhedra ~ Colour: | by Elemen w e ConQuest Hit Highlighting... ns
(]| Animate... Default view: b ~ a b c a* b*
Launch ConCuest
Select which Mogul data libraries to include in new searches Add Delete
Data Analysis Module..,
Include Library Path To Data
Mogul Geometry Check...
1 'CSD 5.42 | C:\Program Files\CCDC\CSD_2021\Mogul V5.42
Launch Mogul
Mogul Settings... 2 C50 Feb21 update CA\Program Files\CCDCVCSD_2021Mogul V5.42\Feb21
lsoStar Interaction Check... 3 C5D May21 update C\Program Files\CCDC\CSD_202T\Mogul V5.42\May21
Launch lsoStar < >
|soStar Settings...
Ok Cancel

AADANT  FZT/C
AADMPY  P-1
AADMPY10 P-1
AADRIB P21

AAGAGG1T0 P2121.

AAGGAG10 P21

AALCFE P21/c «
< >

CCDC




Customise fragment classification

0 Mogul Search Settings

Fragment Types

Bond Length Valence Angle Torsion Angle Ring

Search Filter Options

Available filters

l:‘ Apply filters

Search Mode

R-factor @ <=5.0%
Exdude |Solvents
Heaviest Element U

Exdude | Organometallics

Exdude Powder structures

O Only find fragments that match exactly

@ Find similar fragments if number of exact matches is less than

Bonds Angles

Torsions Rings

Customise fragment dassification ...

Help

Search

Close

0 Custornise Classification of Fragments

Classify geometries as "Unusual”™ if:

Bonds: | z-score | | greater than [2.0

A B (4 F

Angles: || z-score | " | greater than [2.0

Torsions: @ less than h

within |10

re
-
L .

« | deagrees of value in query

O nearest experimental value is more than |3

degrees from value in query

Rings:
< @ less than

within |10

(53]

s
w
rFs
w

O nearest experimental structure has more than

degrees torsion RMSD from query

Classify number of hits as "Few" if less than:

% of experimental values are

%% of experimental structures are

degrees torsion RMSD from query

rFY rFY rFs
Bonds: |5 | Angles: |5 || Torsions: |15 =

Rings:

15

Ll

|:| Store these settings as the default for this session

Help Defaults

Ok

hits

Cancel

o
<
* © -
-
&
=
> Q
2 >
B
P o
°
-

CCDC



Using Mogul to check a new structure: -

1.

* File > Open - to open one of your own files for example a CIF

Load your structure in Mercury
« Do you remember how to do it from the Visualisation session?

« Edit > Auto Edit Structure to assign bond types
* File > Auto Edit Structure on Load to automate

@ AABHTZ (P-1) - Mercury

File Edit Selection Display Calculate

Open... Ctrl+O
Recent Files 4
Sketch Molecule... Ctrl+K

Auto Edit Structure on Load

Save As... Cirl+5S
POV-Ray Image...

Print in 3D...

Exit Ctrl+Q

=)

Edit Selection Display Calculate CSD-C

Undo: Packing off Ctrl+Z
Redo: Not Available Ctrl+Y
Copy Image to Clipboard Ctrl+C

Edit Structure

Auto Edit Structure...

Normalise Hydrogens...

Polymer Expansion...

Transform Molecules...

Change Spacegroup Setting...

L g

Auto Edit Manual Edit

Guess bond types
(@F

(® Only bonds with unknown types

Standardise to Cambridge Structural Database
conventions

Aromatic bonds
Delocalised Bonds

Add missing H atoms

Apply Close




. °
* o
o
o < & © )
= &
-
® «
4
. b Y
2 Repeat the procedure YOou did before 3 .
.
e
0 Mogul Results Viewer — m} X . o
Show [ hide : Fragments... I Deselect all fragments I Export... ¢
-
Help I Double click to view result in Mogul
CSD-CDFE CSD-MatEFIE|5 CSD_DISCC Type Molecule Fragment Classification MNo. of hits Query value Mee *
> bond o
| l.- Launch WebCsD > angle @ CCOC Mogul 1.7.1: LIMK21_901-B_pdb1hak_1 (Unknown) - CSD-Enterprise - o x
¥ torsion File Searches Datsbases Help
= = = = hd LIM_K21_901-B_pdbThak_1 Buldquery  Resultsand analysis  View structures
CDHQUESt Hit nghllghtlng'“ c39058C1C2 Met unusual (encugh hits) 13461 Resulte Havioats ool e~ Torei e 21 22 catnzt
€59 058 C1C6 Not unusual (enough hits) 13461 s oo pousesreh - Torsen enge-
’ |_E| L ﬂch C ﬂ-r‘lﬂu est 023 C2T N1 C12 Mot unusual (encugh hits) 45 agﬁérw 137 Hement: & o \alue in query: 22.055°
€24 C22 C21 N1 Mot unusual (enough hits) 40 e N sk Eements A
Data Ana I]l"5| z Module... C22 C24 N27 C30 Mot unusual (encugh h?ts) 938 Relevance  Number Contribution
C22 C24N27 C34 Mot unusual (encugh hits) 938 > 1.00 137 100.0% 2
C45 (52 C43 032 Mot unusual (encugh hits) 2357
C51C52C43 €32 Mot unusual (encugh hits) 2357
h"l-ngul GEDI‘I\'E“}I' Check... €22 C21N11 C12 Mot unusual (few hits) 3 1
023 C21 N11 C10 Unusual (enough hi 45 £
' Launch Mﬂ,gul ) 023C21C22C24 Unusual (enough h 42 T:
| C21C22 C24 N27 Unusual (enough hi 137 E 2
. C31 32043052 Unusual (enough h 131
Mogul Settings... 33032 €43 C52 Unusual (enough hits) 131
€22 C21 N1 C10 Unusual (few hits) 3 View degrane...| | Morehits s
. <
IsoStar Interaction Check... Statistics \
Total : 137 0 5 £
Selected : 137 :
" Launch |soStar I8t |- 220 T
Clck to (de)select bars; click and drag to (de)sslect a range
|soStar Settings... P
Histogram display Select | allhits in histogram s 537 =
P — — Displayed hits: =37 €D Nov15 Updiate Filters... Cluster
Select Databases... Selcedhis: 157 Desect | atts nhstogran o Febt6 pcate [

Histagram: click in bar to deselect, click again to reselect. Right-click for options.

CCDC

n



©
Why use Mogul? e

» To enable you to validate the complete geometry of a given query '
structure and identify any unusual features °

« Could be useful when looking at your own structure or a CSD structure or in
fact ligands in the PDB

» To rapidly retrieve geometric data and gain new insights from
structures in the CSD

CCDC



A few more tips & tricks

advancing structural science



. ©
Using the D feat iIna M | Q
@ Edit Structure X o " ® °
s
Click on 2 bond to change its type.
T e I ear e @ CCDC Mogul 2020.3.0: AABHTZ (P-1) - Mercury - O X ®
Add File Searches Databases Help 7% Drw 0N
raw - New
Atoms c Build query Results and analysis View structures ) _ ]
= File Edit Atems Bonds Options Help
e | |Click and drag to create a bond.
Hydrogen Atoms 1 : Current Selection: \W‘?‘ Drag to an existing atom to make a connection
Bonds Single c3co
DRAW Cl
Edit I /
EDIT
SetElement Type to c =l ERASE c c o
Update Labels Automatically K &
All fragments. .. // \\
Set Atom Label ...
Cc Cc Cc
" Charge o : Settings... O O \\\ // \
t o) \ ;
peto Single ~ O @ \C____C} OH’]
. . RingMaker
Reset Mogul will standardise bond al
Atoms & Bonds All Hydrogens t es an d a d d an h d rogens i Done
yp y y 9 I? H | o) | M | S | P | F |CI|Any‘ More...‘ Groups...| C Bond: Single —
Molecules All Formal Charges it d etects to be m issi n g =
el Fragments will be invalid if S

Fle Searches

there are unknown atoms or =
Exiit.... b d Current seector:
ona types
dit Structure x
Auto Edit...
Mogul h setti
T Tentify polymeric bonds & Mogulscarch setings
| Guess bond Draw...
gs ond types = General Filters Bond Angle Torsion Ring
al
= Search type
() oy bonds with unknown types >
I:"ad' . O Find exact hits only
Standardise to Cambridge Structural Database @ Generalised o
conventions A generalised search will attempt to find related fragments if there are .
D - e not enough hits that exactly match the query fragment. P
romatic bands & -
T [ 1mpose upper level mits — Sinale click on an
) Setting this option may significantly reduce the time taken for some g
ﬂ:‘e hlydbmlgens Search progr generalised searches, but may also resultin fewer hits being found. Lped atO m tO Se | eCt
Show labels
Add missing H atoms =
[] save setings on exit from Mogu
Drag and drop to input molecule
(aed] [ s Search progress s




Exporting data from

0 Mogul Results Viewer

Mogul search - Bond angle - C6 C5Cl2

Show [ hide : ‘ Columns - | | Fragments... ‘ [ |Deselect all ﬁagments| [ | Export...
Help ’ Double click to view result in M @ Sove spreadsheet %
Type Molecule Fragment 1 ¥ » ThisPC » Downloads [3) Search Downloads

v AMBHTZ File name: ~
ccaian Save as type: |Comma-separated (*.csv) b
CeC1cn Comma-separated (*.csv)
C2C1Ce HTML (*html)
CIC2C] XML (*xml)
C4C3C2
C3C4Cs
CAC5CI2 v Browse Folders | | Cancel ‘
CeC3Cl2 Not unusual (encugh hits,
C4C5Ch Not unusual (encugh hits)
C1Cacs Mot unusual (encugh hits)
C3CeCT Met unusual (encugh hits)
C1Cecy MNot unusual (encugh hits)
Ch CT N1 Not unusual (encugh hits) 63
C7T M1 N2 Not unusual (encugh hits) 304
BN NT Not unususl (enough hits) B | B e e
C12 M2 N1 Mot unusual (encugh hits) 15
M2 C8 M3 Met unusual (encugh hits) 13
M3 C8 N3 MNot unusual (encugh hits) 18
CEN3 N4 Met unusual (enough hits) 47 | o
CO M4 N3 Not unusual (encugh hits) 190
M3 C N4 Not unusual (encugh hits) 61
C& M3 NG Mot unusual (encugh hits) 15
COM3CE Mot unusual (encugh hits) 13

L4
110

Click to (de)select bars; dick and drag to {de)select a range

Right click on the
histogram to bring up
an additional menu

Value in query: 121.434°

125
Bond angle / #

Font...

Selection Bar Colour..
Deselected Colour...

Background Celour...

Select All Bars

Deselect All Bars

Print...

Export selected data »  Refcode and value only

140

130
B




L

Using Mogul to assign tautomeric forms - -

CSD CLTRZL CSD CLTRZLOI CSD GACXOZ CcsD LO'QBIF:’

@

A comparison of the 1,3-thiazol-4-one structures in
— which Mogul queries the C—N bond length of the imine

o e b, 0 g it 8

Following Mogul analysis structure re-determined ~ of GACXOZ, but finds all geometrical parameters of the
in a different tautomeric form amine version to be within expected limits

B.Bax, C.Chung, C.Edge, Acta Cryst. D, 2017, 73,131-140, DOI: 10.1107/S2059798316020283 ‘ ( | ’ ‘
R.Taylor and P.AWood, Chem. Rev, 2019, 119, 16, 9427-9477, DOI: 10.1021/acs.chemrev.9b00155 .



