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Introduction

Structural chemists can use the Mogul Geometry Check tool to validate the three-
dimensional conformation of a particular molecule. The data from structures in
the CSD can be used to show the most likely conformation a particular bond,
angle, torsion or ring would adopt. The information obtained from a Mogul check
can help identify inconsistencies within a crystal structure and can suggest values
to be used for restraints during refinement. In addition, Mogul can also be run on
3D coordinates generated in silico as a validation of calculated structures.

The examples from this workshop demonstrate approaches to gain more insights Moo s Vv
from your data and to critically interpret the results obtained from Mogul. | e = =B

Mo Doubl chok 1o view result i Mogul
Type  Moleae  Fragment Cassitication No.ofhits  Quenyale Mear Sid. de | z-score |- mf
~ [fors

v GUSRERY

cacanIcio 330 177001

30 1084
330 1769%

Learning Outcomes
In this workshop you will learn:
e How to apply filters for the Mogul Geometry Check search.
e How to restrict the visualisation of the results to specific parts of the |
histogram and why you would do that.
e What to look for when analysing not unusual or unusual torsion angles.
e How to complement Mogul Geometry Check with ConQuest 3D search

0000 0.875
0000 1.000
0000 0313
0010 0367
000 0338
00m0 0352
0010 0.876
0000 1.000
0000 1.000
0000 0467
0010 0437
0000 0.138

and Mercury analysis. e e
] ) ) ) ) . [| ~ ) [ @ CoDC Mogut 2094102 GUSRER -1 - eremy e -0 x|
The exercises in this handout will take approximately 45 minutes to be : e e e |
completed. The words in Blue [talic in the text are reported in the Glossary at the ; ' et e |

Refactor: Ay Heaviedt Element; dny
organometalics, Pouwder sructires

end of this handout.

Relevance Number Conribution
Fum 854 1000%

Pre-required Skills

The following exercises assume you have a working knowledge of the program
Mercury, namely, how to display and manipulate structures from a 3D oo ] oot
coordinates file, and basic knowledge of Mogul, namely, how to run a search and
how to access and read the results table. You can find the basics of visualization
in Mercury and the basics of Mogul as CSDU modules (videos, exercises, and final
test) or as self-guided workshops in the CSD-Core workshop area on our website. T

Al fragments.. Vi quary... Histogram display Sekat ol s in histogram
Displayed hits: 8545

Materials —
There are no additional materials required for this workshop. R At e

[ap—"

Desalect | all s in histogram



https://www.ccdc.cam.ac.uk/community/training-and-learning/csdu-modules/
https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-materials/csd-core-workshops/
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Example 1. Using Mogul to assess intramolecular
geometry: torsion angles.

By using the statistical distributions of similar fragments, Mogul can provide
insights on whether your 3D geometry is appropriate, and flag values that are too
far outside the norm.

In this example, you will use Mogul to assess the torsion angles of a given
molecule and investigate patterns in the distribution. You will find results for
four different torsion angles, all resulting as “Not unusual” and will be guided to
further analyze one of them and use additional filtering options for a complete
view.

The CSD entry AXIRUV and a Mogul
torsion assessment histogram

gl ssaree - Torsion engla - €3 C4 C3 G

o
Tarsos argu (@

1. Launch Mercury and type AXIRUV in the Structure Navigator toolbar.

2. To start a geometry analysis, click the CSD-Core menu and then click Mogul
Geometry Check from the dropdown menu.

3. This brings up the Mogul Search Settings dialogue box. You can typically use
the defaults in this window, but we are interested in the torsion angle
between the rings. To streamline our search, we will select Torsion Angle in
the Fragment Types option (untick the remaining types) and tick the boxes
for Apply Filters, Exclude Organometallics, and Exclude Powder structures.
We will leave the remaining default options as is.

4. Click Search to start.

5. Adialogue box will pop up to warn you that you are going to check the entire
molecule. Click OK to continue.

6. Thesearch will beginto run. You can follow its progress in the Search Progress
dialogue box.

Fragment Types

[] Bond Length [ ] Valence Angle] Torsion Angle |[] Ring

Search Filter Options
Available filters
[] Rfactor | <= 5.0%
[ Exclude Solvents

Apoly iters [] Heaviest Element U

1 Structure Navigator F x
AXIRUV Find
Crystal Structures Spacegrot ™
AXIRUY QJc
AXIRUW  P21/n
AXISAB P21/c
AXISAD Pnma
AXISBA P21
@ Mogul Search Settings — e

Exclude | Organometallics v

Exclude Powider structures

Search Mode
() Only find fragments that match exactly

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

Bonds 15 Angles 15 Torsions Rings 15

Customise fragment classification ... 4

CSD-Core  CSD-Materials
@ Lounchwencsd

ConCQuest Hit Highlighting...
. Launch ConQuest

Data Analysis Module...

ﬁ Mogul Geometry Check...

. Launch Mogul

Megul Settings...

IsoStar Interaction Check...

. Launch |soStar

|soStar Settings...

Select Databases...

x
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.

Concel
@ scarch Progress X
Angle I 54%

Search completed - 41 observations o
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7. When the search is complete, your results will be displayed in the Mogul
Results Viewer.

8. The results are colour-coded. Unusual values are typically flagged in orange,
however there are no unusual values here. Please, be aware that the number
of hits might differ based on your version of the database. The data in this
workshop are obtained with the 2024.1 + 2 Data updates version of the CSD.

9. Clicking on each entry in the Mogul Results Viewer will highlight the
corresponding value in the Mercury display window. Although the entries are
not unusual, it is useful to review the torsion angle distribution. Double-click
on the last entry C3 C4 C5 C6 to bring up the data from the Mogul library.

10. The red line marks the value of the torsion angle from your molecule (the
query).

11. The histogram shows the data from the CSD, colour coded by update. Note:
you can click the colour swatches under Data libraries to change the colour.

12. To see which structures contribute to a certain bar on the histogram, first
click Deselect (all the bars will turn grey), and then click the bar directly under
the red query line. This will highlight that specific bar of the histogram in

I
@ CCDC Mogul 2024.1.0: AXIRUV (C21¢) - Mercury - o x|
|
File Searches Databases Help
Build quéry  Results and anolyss  View strudures
Rt vigator Magul search - Torsion ange - C3 C4 C3 C6
e e 50 o Value in query: 7.413¢
R-factor: Ary  Heewviest Elarment: Any
Exchude; Organomatalics, Fowder structures:
Relevance Number Contribution
] 1.00 2 40% 16
091 a8 96.0%
12
Pl
View diagrams... Mare hits... ?
28 12
Statistics
Total : 50
Selected 1 8 N
| &{min] | : .000°
R 0
o 5 50 135 180
Torsion engla / °
CI T T T T 11 I |
Click ta (de)select bars; click and drag to (de)select 3 range
Data libranes
Al fragments... View query... Wistogram display Seletly | 8l hits in histogram 50 545 -
Displayed hits: 50 2] 0 marzs update Fiers... Cluster
Deselect il hits in histogram
Selected hits: & = ol hits in histagrar [2] cs0 Jnz24 update -

@ Mogul Results Viewer - a X
7 Show / hide Fragments... Deselect all fragments Export...
Help Double cick to view result in Mogul
Type Molecule Fragment Classlﬂcauu;w\ No. of hits Query value Mean Std.dev. |z-score| |x-mean| Minimum Maximum Median |d(min)| Local density
v torsion
v AXRWV
C5C4C3S1 Notunusual (enough hits) 109 3.026 0.000 0.991
C5C4C3C2 Notunusual (enough hits) 84 -177.868 0.000 1.000
€3 C4C5 N2 Notunusual (enough hits) 46 -173.313 0.000 0.500
C3C4C5C6 Not unusual (enough hits) 50 7413 0.000 0.580
a Mogul Results Viewer
9
Show / hide : Fragments... Deselect all fragments E
Help Double click to view result in Mogul
- - o -
Type Molecule Fragment Classification Mo. of hits  Query value
~ torsion
N AXIRUV
C5C4 C3 ST Notunusual (enough hits) 109 3.026
C5C4 C3 C2 Not unusual (enough hits) 84 -177.868
C3 C4 C5 N2 Not unusual (enough hits) 46 -173.313
C3 C4 C5 C6 Not unusual (enough hits) 50 7413
e CCDC Mogul 2024.1.0: AXIRUV (C2\c) - Mercury — O X

File Searches Databases Help

Build query Results and analysis View structures
Results Navigator
All hits: 50 20

Accepted hits: 50
R-factor: Any  Heaviest Element: Any
Exclude: Organometallics, Powder structures

Relevance Number Contribution 16
1.00 2 40%
091 48 96.0%
12
2
=
6
8
E

View diagrams... More hits...

Statistics

Total : 50
Selected : 50
| d(min) | : 0.000°

Histogram display

All fragments... View query...

Selected hits: 50

Mogul search - Torsion angle - C3 C4 C5 C6

Value in query: 7.413°%
10
11
1T =

Displayed hits: 50

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

4 80 135 180
Torsion angléy/ ©
Click to (de)select bars; click and drag to (de)select a rans?gcumem was last sved: 2m ago
Data libraries
Select all hits in histogram €SD 5.45 ]
CSD Mar24 upda Filters... Cluster
Deselect | all hits in histogram

€SD Jun24 update | IR
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13.

14.

15.

16.

Return to the Mogul Results Viewer window (seen in Step 7) and double click
on each entry to view the histogram in Mogul. You will notice that the query
falls within the major distribution of observed hits for all torsion angles. We
will take a closer look at the distribution of one of the torsion angles to
understand more about how frequently its observed.

You should have the C3 C4 C5 C6 torsion angle histogram in the Mogul
windows, but if you do not, then double-click again on the entry in the Mogul
Results Viewer. Click Deselect all hits in histogram then select the torsion
angles in the populous region. There are 46 of the total 50 structures in this
region representing 92% of the total hits.

Now click the View structures tab, near the top of the window, to see a list of
refcodes included in this region. The default view for this window is the 2D
diagram. Scroll through the refcodes on the right side of the window to view
different structures.

Click the Information button on the left to see further details about the
structure

@ CCOC Mogul 2024.1.0: AXIRUY (C21c) - Mercury _ o
File Searches Databases Help
Buld query  Results and anabysis  View structures
nformation Refcoda: AYUGEH Data Library: C50 5.45 [avusen
AXIRUV
Diagram AYUGEH
— Identifier AYUGEH BANYEV
Literature Reference Ao MUASIr, AQ.Al-Youbi, KA Alamry, H.M.Faidallah, SW.Ng, ER.T.Tiekink, Acta Crystallogr,Sect EStructR BON :"U
ep.Online (2011), 67, 02315, doi:10.1107/51600536811031941 o
Formula CyyHya N; 02 DEQXOQ
EBERAE
Compound Name  Ethyl (2E)-2-cyano-3-(1-methyl-1H-pyrrol-2-yl)prop-2-encate EQOTOV
EZOZAW
Synanym Ett\y\ (E)-2-cyano-3-(1-methyl-1H-pyrrol-2-yl)acrylate GEMPEX
Space Group P1(2) GEPPOK
GEQI
Cel Lengihs a7.6145(3) b 84964(6) c 9.7023(6) JACBIR
MAHIIS
Cell Angles o 64.898(7) p 89.859(4) y 71.517(5) MAIWEA
Cell Volume 532,686 NIGTEG
OHIMEZ
zz 2z QJIRAB
ONREF
R-Factor (%) 409 PUVGAR
Disorder QEPVED
QOGFIP
Polymarph Qoarov
QoQFOVD1
QUSCAL
QUSCER
RAJDOZ
SEDIW
Custarise
32 structures

@ CCDC Mogul 2024.1.0: AXIRUY (C2\0) - Mercury

Build query Results and analysis

Results Navigator

Al hits: 50

Accepted hits: 50

R-factor: Any  Heaviest Element: Any
Exclude: Organometallics, Powder structures

Relevance Number Contribution

1.00 2 40%
091 48 96.0%

Viewr diagrams... More hits...

View structures k

15

Mogul search - Torsion angle - C3 C4 C5 C6

Value in query: 7.413°

Number of hits

Statistics

Total : 50
Selected : 46
| d(min) | : 0.000°

All fragments... View query...

0 as

Click to (de)select bars; click a1

Select all hitsg
Histogram display
Displayed hits: 50

Selected hits: 46 Deselect

all hits in histogram

a0
angle / ©

180

istogram

Data libraries
CSD 545
€SD Mar24 update
CSD Jun24 update

Filters...

Cluster

@ CCDC Mogul 2024.1.0: AXIRUV (C2\c) - Mercury

file Searches Databases Help

Build query

Information

Diagram

3D Visualiser

16

Results and analysis

View structures

Refcode: AYUGEH Data Library: CS0 5.45

=

Fragment

Show Parameters

o0&t

Torsion angle:
8.152°

AYUGEH
AXIRUV
AYUGEH
BANYEV
BONDIU
BONPAW
DAHKUW
DEQX0Q
EBERAE
EQOTOV
EZOZAW

GEMPEX
GEPPOK
GEQUI

JACBIB
MARIIS
MAWEA
NIGTEG
OHIMEZ
OIIRAB
OJIREF
PUVGAR
QEPVEO
QOQFIP
QoaFov
QOQFOV01
QUSCAL
QUSCEP
RAIDOZ
SEDIW

<< >>

32 dructures.




MOG-002

17. Click the 3D visualizer button to see a 3D rotatable view of the structure.

18. Scroll through the refcodes to view the 3D structures that populate this
region. You will notice that the torsion angles are in structures similar to our
query structure, i.e. not part of a macrocycle (large ring), which influences

the torsion angle.

19. Let’s take a closer look at the structures that may have been omitted from
our histogram and see if it changes our results. Click on the Results and

analysis tab to return to the histogram view.

20. In the Results and analysis window, click Select all hits in histogram to return
to the default view, then click More hits... to bring up the Mogul: Find more
hits [torsion] window. You will notice that the default selection mode is
Select subset (Optimise for relevance) and take note of the other default
values here. Change the Selection mode to Include all hits found (may be

slow) and click OK.

G Mogul: Find maore hits [torsion]

distribution using the following criteria:

Relevance threshold (max. 1.0}

Selection mode

Aim for at least

() Select subset | Optimise for relevanc
== -

I '@} Include all hits found (may be slowr)

Search Filters
[ refactor <= 5.0%
Solvents

[ Exclude

[ Heaviest Element U

Exclude  Organometallics b
Exclude Powder structures
oK

Mogul will look for related fragments to include in the

Default

Default

O Mogul: Find mare hits [torsion]

Megul will lock for related fragments to include in the

distribution using the following criteria:

Relevance threshold (max. 1.0)

Selection mode

Aim for at least

(@ Select subset | Optimise for relevance
-

&4

Cancel

() Include all hits found (may be slow)

Search Filters
[ refactor <= 5.0%
[ Exclude

Solvents

[ Heaviest Element U

Exclude | Organometallics ~
Exclude Powder structures
oK

Default

Default

Cancel

19
dad
@ CCDC Mogul 2024.1.0: AXIRUV (§2\c) - Mercu - [u} X
Build query Results and analysis View structures
IﬂfU m at|0r| Refcode: AYUGEH Data Library: CSD 5.45
AXIRUV ~
AYUGEH
Di BANYEV
MEITE BONDIU
BONPAW
. DAHKUW
3D Visualiser DEQX0Q
EBERAE
EQOTOV
17 zozaw | 18
GEMPEX
GEPPOK
GEQIUI
JACBIB
MAHJIS
MAIWEA
NIGTEG
OHIMEZ
OJIRAB
OJIREF
PUVGAR
QEPVEO
QOQFIP
QoaFov
QOQFOVO1
QUSCAL
QusCEep
RAIDOZ
SEDJIW v
Reset display Display fragments. &2 =2
32 structures.
@ CCDC Mogul 2024.1.0: AXIRUY (C2\C) - Mercury - o
x File Searches Databases Help
Build query  Resultsand analysis  View structures
Results Navigator Mogul search - Torsion angle - C3 G4 C5 C6
Al hits: 50 20 - o
Accepted hits: 50 Value in query: 7.413°
Refactor: Any  Heaviest Element: Any
Exclude: Organometallics, Powder structures
20 Relevance Number Contribution
1.00 2 40% 16
091 8 96.0%
12
E
View diagrams, . More hits...
4 8
Statistics.
Total : 50
Selected : 50 4
| d(min) | : 0.000°
, T L/ =
0 45 o0 135 180
Torsion angle / ©
) |
Click to (de)select bar
Select | all hits in histogram Data reries
All fragments... View query... Histogram display 9 €SD 5.45
Displayed hits: 50 5D Mar24 update Filters... Cluster
Selected hits: 50 CSD Jun24 update -
Deselect | all hits in histogram

Histogram: click in bar to deselect, click again to reselect. Right-click for
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21.

22.

Note that the total number of hits has increased to 440 hits from 50 and now
includes structures with relevance values of 0.84, 0.80 and 0.76. We can also
see that our query value no longer falls within the major distribution of
observed hits.

Let’s take a closer look at the structures in the major distribution now. First
click Deselect and then select the structures in the major distribution. Click
the View structures tab and select 3D visualizer. Scroll through the refcodes
and you will see that the structures that populate this region are in most
instances part of a macrocycle and thus it is reasonable that while there are
more hits in this region, they were omitted in our default results and have a
low relevance value in our search.

@ CCDC Mogul 2024.1.0: AXIRUV (C2\¢) - Mercury

| File Searches

| Busdquery  Resuhts View structures

Results Navigator

O CCDC Mogul 2024.1.0: AXIRUV (C2\¢) - Mercury - O

File Searches Databases Help

Build query

Information
Diagram

3D Visualiser

Results and analysis

Viewr structures

Refcode: AFIFOM Data Library: CSD 5.45

AFIFOM
AHBONM
atellele])
AWEYE)
BALYEU
BALYIY
BANYAR
BAQRIV
BASDUX
BENRIX
BENROD
CACTEI
CADTOT
CADTUZ
CAWVIG
CAXNAU
acy
CIXCOF
cuycoQ
DEQXAC
DEYLEA
DEYLIE
DIRLEY
DISRI
DMPYMO10
DURMIP
EDEVER
EDEVOB
EDEVUH

Reset display Display fragments << >

227 structures

AFIFOM

Mogul search - Torsion angle - €3 C4 €5 C6

10 .
. i que
Exclude: Organometslics, Powder structures
Relevance Number Contribution
Relevance Number Contribution
1.00 2 05%
091 51 11.6%
.
0.84 277 63.0%
0.80 58 132%
076 52 11.8%
Statistics
otal : 440
Selected : 440 38
d{min) 0.000*
o 45 135 180
Torsion angle / ©
1 T
Click to (de)selact bars; dick and drag to (de)select a range.
Data libraries
Al fragments.. View query... Histogram display Select ol hts in histogram ) csp sas
Displayed hits: 440 7] 0 Mar24 updte Filters.
Selected hits: 440 el &l hits i histogram [#] €D Jun24 update -
Histogram: click in bar to deselect, click again to reselect. Right-click for options
@ CCDC Mogul 2024.1.0: AXIRUV (C2\¢) - Mercury - ]
e Searches Databases Help
Build query Results and analysis  View structures
Results Navigator Mogul search - Torsion angle - C3 C4 C5 C6
All hits: 440 180
. » a1
ometallics, Powdel
e Number Contribution
2 05% 152
51 11.6%
22 630%
58 1322
52 1.8%
114
]
View diagrams. More hits. £
ERG
Statistics
Total : 440
Selected : 303 38
d{min) | : 139.637% N
0 —_—
0 45 90 135 180
Torsion angle / ©
Y Y O Y O N ) i
Click to (de)select bars; click and drag to (de)select 2 range
Data libraries
Allfragments. Views query. Histogram display Selet | all hts in histogram ] cso 545
Displayed hits: 440 =] c50 Mar2 update Filters...
Deselect Il re
Selected hits: 303 escledt | allhits in histogram [] €50 3un24 update -



MOG-002

23. Repeat steps 20 and 22 for the other 3 torsion angles. You will notice that

increasing the number of hits shown does not change the histogram
significantly and does not change where the query value falls.

Conclusions for Example 1

In this exercise we have performed a Mogul Geometry Check on a molecule from

the CSD. We have learnt how to analyse our results, reviewing relevant and less
relevant structures and how those determinations are made.

o CCDC Mogul 2024.1.0: AXIRUV (C2\c) - Mercury

File Searches Databases Help

Build query  Results and analysis

Results Navigator

Al hits: 95

Accepted hits: 95

Refactor: Any  Heaviest Element: Any
Exclude: Organometallics, Povider structures

Relevance Number Contribution
> M 100 2 21%
> 091 48 50.5%
> [Fos4 35 36.8%
> o076 10 105%
View diagrams... More hits...
Statistics
Total : 95
Selected : 95

| d(min) | = 0.000°

All fragments... View query...

View structures

Mogul search - Torsion angle - C3 G4 C5 N2

Value in query: 173.313

i<

Number of hits

w

0
0

45 90
Torsion angle / ®

5 N o s |
Click to (de)select bars; dick and drag to (de)select a range

Data libraries
Histogram display Select  all his n histogram o0 545
CSD Mar24 update
€SD Jun24 update

Displayed hits: 95

Selected hits: 95 Deselect | all hits in histogram

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

Filters... Cluster
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Example 2. Using Mogul to explain activity data

In this example you will see how to investigate unusual torsions in Mogul and
how to complement the Mogul analysis with ConQuest and Mercury to gain
more insights into your structure.

Two views of the 4,4'-dihydroxybiphenyl molecule
from GUSRER, highlighting the relative orientation
of the rings analysed in this example.

1. Launch Mercury and type GUSRER in the Structure Navigator toolbar. You will Structure Navigator 8 x
see that the structure has two components. 1 GUSRER —
. . . Crystal Structures Spacegroup 6
2. To start a geometry analysis, click the CSD-Core menu and then click Mogul GUSRER  P-1
Geometry Check from the dropdown menu. GUSRES  Cmec21
GUSRET  P63/m
GUSREU  P-1
3. This brings up the Mogul Search Settings dialogue box. For this example, we 2
are interested in only torsion angles. To streamline our search, we will select s CSD-Core | CSD-Materials  CSD-Disce 'J?_'\‘
only Torsion Angle in the Fragment Types option and tick the boxes for Apply | @  Launch WebCSD
Filters, Exclude Organometallics, and Exclude Powder structures. We will ® Mogui Search ettings - x| ° E"”Q:E:t H'{;H'gh"ght'”g'“
.. . aunch ConCluest
leave the remaining options as the default. FragmentTypes Dot Analveis Modu
[ Bond Length  [] valence Angle ] Torsion Angle [ Ring atalina y31s Module...
i earch Filter Options | Geometry Check...
4. Click Search to start. search Fier Options Mogu .
Available filters . Launch Mogul
[JRfactor | <=5.0% Maogul Settings...
5. A dialogue box will pop up to warn you that you are going to perform the Decide  [sanens
. . |soStar Interaction Check...
check for all loaded molecules. Click OK to continue. [0 Heaviest Element |1
Apply filters . Launch |so5tar
Exdude | Organometallics ~
i . |soStar Settings...
6. The search will begin to run. You can follow its progress in the Search Progress o s elect Databs
cle atabases..
dialogue box.
Search Mode
() Only find fragments that match exactly 0 %
(®) Find similar fragments if number of exact matches is less than
Bonds |15 | Andes |15 | Torsoms o 15 A complete analysis of all loaded melecule(s) will be perfformed.
To analyse just part of the displayed molecule(s), hit 'Cancel’
Customise fragment dassification ... and select atoms before starting the analysis.
Help 4 Close 5 Cancel
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7. When the search is complete, your results will be displayed in the Mogul 7 @ voou Resite Ve .
Results Viewer. Shows / hide : Fragments... Deselect all fragments. Export...
Help Double chick to view result in Mogul
Tﬂ?e Molecule Fragment Classification ) No.of hits  Query value Mea: Std. de' | z-score | x - mear Minimu Maximu Media | d(min] localdens.
8. The results are colour-coded. Unusual values are typically flagged in orange. T G
. . CBCINICI0 Not unusual (enough hits) 330 177.041 0000 0.491
In this example we can see that the unusual values here are found only in one GOONICH  Notumalougnbisl 30 1084 o000 0454
. . . . CI3C14N2C15 Not unusual (enough hits) 330 176999 0.000  0.491
of the two molecules, the 4,4'-dihydroxybiphenyl (listed as GUSRER_2 in the RN Notmmnimoney H0 e prociepd
Mogul Results Viewer). Please be aware that the number of hits might differ Gereres e s s e prcegibost
. . . o01C7C1Ce Not unusual (enough hits) 4328 -175.403 0000 0279
based on the version of the data update. The data in this workshop are QIO Mot ot 00 %A a0 0224
1 Not unusual (enough hits) 4 '
obtained with the CSD 2024.1 + 2 data updates version of the CSD. A g S A b0 o5
REGC  Irmemmeds e aom s
. . . o2C12C3C4 Not unusual (enough hits) 4328 -9.098 0000 0367
9. The four torsion angles analysed for the 4,4'-dihydroxybiphenyl are all @O0 Notwoallwounney 08 Az om0 033
representative of the relative rotation between the two aromatic rings. We GBI e o A o0 0578
will investigate C26 C25 C31 C30. Click once on the entry in the Mogul Results RO Mxmomimopiay o8 1o prectiiu
. . . . . . . 03C17C5C6  Notunusual (enough hits) 4328 -28516 0000 0.137
Viewer to highlight the corresponding value in the Mercury display window. CHCSCITCIE  Notunusal fmovgnhis) 4220 30428 oo 0138
Gwosarce Not unusual Lennughmris] 4220 148.628 0000 0.110
Then double-click to open the Mogul interface with the histogram. Csciencs Nt s 72 ras0o omn osea
Q7 C18CI9N3 Not unusual (enough hits) 100 173394 0000 1.000
hd GUSRER 2
10. From the histogram we can see that the orientation in our molecule (red line, G100 U o0 000m
value 60.784°) is very unusual, compared to data in the CSD that show a : e
preferred orientation at around 35° and 145°.
9 o Mogul Results Viewer _ O % 10 o CCDC Mogul 2024.1.0: GUSRER (P-1) - Mercury — o X
File Searches Databases Help

Build quer Results and analysis  View structures
Show [ hide : Fragments... Deselect all fragments Export... i

Results Navigator Magul search - Torsion angle - €26 €25 €31 €30
Help I Double click to view result in Mogul ';‘L:'::!:?; 8540 Lo Value in query: 60.784°
- Refactor: Any  Heaviest Element: Any
I B Exclude: O tallics, Povid
Type Molecule Fragment Classification No. of hits ~ Query value M ~ pe: Qragnemetelics, Pouder Snucturss
) Relevance Number Contribution
C17C18C19 N3 Not unusual (enough hits) 100 173394 100 8549 100.0% o
v GUSRER_2
C24C25C31C30  Unusual (enough hits) 8549 121171
C26 C25C31C30  Unusual (enough hits) 8549 -60.784
C24C25C31C32  Unusual (enough hits) 8549 -57.675 e
C26C25C31C32  Unusual (enough hits) 8549 120371 g
v s
< > View diagrams...  More hits... %
Z 276
Statistics
Total : 8549
Selected : 8540 138
1 d{min) | : 0.043°
o
] 45 %0
Torsion angle / °
Click to (de)select bars; dick and drag to (dejselect a range
Data libraries
All fragments... View query... Histogram display Select | all hies in histogram [ csp 565 -
Displayed hits: 8549 [ €50 Mar2e update Fiters... Cluster
Selected hits: 8549 Deselect. | all it in histagram [ 5D 1un2s update -

Histogram: click in bar to deselect, click again to reselect. Right-click for options.
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11. To see structures that contribute to the central part of the histogram (~60° @ CCo Mgl 200410 GUSRER (1) erery o x
to ~120° (please keep in mind that by symmetry these are equivalent) and Buid query Resummanﬁml vewstuctres || 12
assess whether these are similar to the query molecule, deselect all the bars Rt ot _ ' voou s Torsan g - 20 25 i a0
that are not in this area by clicking and dragging the mouse arrow on the mé.;"”ii;ﬂ%m;, ] oo in gy 0,74 B
squares under the range of histogram bars to deselect. The deselected bars e e o] || — A
will turn grey. L []
12. Click View Structures to access the visualisation tab and inspect the structures g BERE H | L
that contribute to this part of the histogram. v dogans.| | wermtes. ||| u | |
BpE 11 N
Statistics | — -
13. Scroll through the structures and reflect on the following questions: Are .it'“ﬁizz
these molecules similar to the one we are studying, e.g., do they have oxygen
substituents on the two aromatic rings? Can you identify a pattern or any o 1 .
similarity among these structures that might explain why they are adopting COT LTI T T — " j w—T T T T T T T T T T 1T
this unusual orientation of the rings? You can switch between the Diagram . I s s
. . . . All fragments... VIEW QUETY.. Select  all hits in histagram [ cso 545 -
and 3D visualisation if needed. Depediis: 550 S e, e
Selectod hits: 58 Deselect  all hits in histogram €50 2w update —
14. We observe different types of structures (macrocycles, different substituents premm s A R et
attached to the aromatic rings), but there is not an obvious pattern that might
explain the unusual torsion angle. e i o2
13 /_@_
@ CCOC Mogul 2024100 GUSRER (P-1) - Mercury - =] x f;&
File Searches Databases Help g :USRER
Buld query  Results and analysis  View structures /O »f:m
XEU Data Library: CSD 5.45 BICXEL ‘;:;J;:h\
Information AKUDUH - e
Tarson angle: BICXEU IONAB.
115027 BIRS0O WISHES
Diagram ) ) CANHOR O . s
CAQPAL UTZoH
DOFVON o . P o
P e : ki 65057ttt 255 -
GIZROA oo
GUSRER Torson angle:
HAJKAG S8.878°
Mo aA
[FABEA [ Shew Parameters.
JOBFIT =
JOGSEG
JOINAB
JUSMES. >
KINKOK
KOFWIP
LTZOH
MACRIT < @ o
MOFTEI
MOGYAM
NUBQAF
OLevor o
o @@ @
TIVRIS
WOMKOC v
Show Parameters << >>
38 structures
ZOMHES
View entries ZOMHIW -

38 sructures
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15. To see what the most common orientation looks like, go back to the Results
and analysis tab, deselect all the bars using the Deselect button, and then
click the two highest populated columns (~35° and ~145°) to select them.

16. Go to the View structures tab, and investigate these structures in the 3D
Visualiser to assess what the most common torsion angle looks like.

15

@ CCDC Mogul 2024.1.0: GUSRER (P-1) - Mercury - [u}

File Searches Databases Hejw 16

Refcode: AZUWOI Data Library: €SD 5.45

Information
ABAXEK
ACUKAO
ADARUU
AFIYOG
AFIZIB
AFIZOH
AFOGOU06
AGEQIP
AHUSUU
AJOHIS
AKOCE)
AMAROY
ANUCAP
APAXAT
APUPAF
ASEVOK
ASOGEX
ATEXUT
AWABOS
AXIJAT
AZUWOI
BAJXUH
BALVEQ
BANHEG
BEGBOI
BEGWUG
BENCAC
BEPQUM
BEPROH

Diagram

3D Visualiser

<<

Reset display Display fragments

View entries

|AZUWOI

~

v

>

705 structures

Exercise: Learn more about this unusual torsion using ConQuest.

To investigate further how unusual this torsion is, we will perform a search in
ConQuest of 4,4'-dihydroxybiphenyl and analyse the value of the torsion in our
reference structure compared with other structures.

17. Launch ConQuest . and in the Build Queries tab click Refcode
(entry ID). In the textbox enter the refcode of the structure we are
investigating, GUSRER, then click Find.

@ CCDC Mogul 2024.1.0: GUSRER (P-1) - Mercury - u} X
File SearchqpeeBetaise ®
Build query | Results and analysis  Viev| structures /
Results Navigator Mogul search - Torsion angle - €26 €25 €31 €30
Al hits: 8549 600 - -
Accepted hits: 8549 Value in query: 60.784%
R-factor: Any ~ Heaviest Element: Any
Exclude: Organometallics, Powder structures
Relevance Number Contribution
100 8549 100.0% s52
414 |
P i |
£ L
3 |
View diagrams... More hits.... £
Z 26 [ | 1 1 —
Statistics L 1 —
Total : 8549 (I
Selected : 1316 — —
| d(min) | : 24.798° 138 [ L
n =28 e
0 45 90 133 180
Torsion angle / ©
N Y Y O I I Y |
Click to (de)select bars; dlick and drag to (de)select a range
Data libraries
Histogram display
Al fragments... View query... Select | all hits in histogram CSD 545
Displayed hits: 8549 5D Mar24 update Filters... Cluster
Deselect  all hits in histogram
Selected hits: 1316 CSD Jun24 update -
Histogram: click in bar to deselect, dlick again to reselect. Right-click for options.

17

| File Edit Options _View Databases Results Help

Build Queries ', Combine Queries - Manage Hitlists - View Results

Draw
Peptide
Author/Journal
Name/Class
Elements
Formula

| Space Group

Unit Cell
Z/Density

Exgerimental
Refcnde[enﬂylﬂ]‘

Search Reset

. View Refcode

Enter Refcode (CSD entry code) below

GUSRER

* Go to entry in Database

" Find all Refcodes that begin with query text

Alternatively view full database(s) using the
‘View Databases’ options on the top menu

m} X

Search for Refcode in the following Databases

[¥ CSD version 545 updates (Mar 2024)

[¥ CSD version 5.45 (November 2023)

[ CSD version 545 updates (Jun 2024)
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18. This will bring you to the View Results tab, where the first result is the
structure of interest.

19. We want to use the 4,4'-dihydroxybiphenyl molecule as the starting point for
our next search. We click on Use As Query and select the options Include
hydrogen atoms and Make each chemical unit a separate Query, then click
OK.

20. This will bring us back to the Build Queries tab, where we can see the two
molecules as Query 1 and Query 2. 4,4'-dihydroxybiphenyl is Query 2. Untick
use this query? for Query 1.

21. We now need to set up a search to analyse the torsional angle for molecules
in structures in the CSD like the one we are studying. Click Edit for Query 2 to
access the Draw window. Steps 17 to 21 enabled us to have the diagram of
the molecule we need in a fast and efficient way. Otherwise, you could have
drawn it directly from the Draw tab at Step 17.

22. To access the measurements of the torsional angle during our search, we
need to set up the parameter in 3D. To do so, click Add 3D.

@ CCDC ConQuest (1) - o X

File Edit Options View Databases Results Help

20 Build Quenes\ Combine qamu\ Manage Him’su\ WewRutm\

Draw
Peptide
AuthorlJournal HC
Name/Class
Elements ot HC/é\CH .
Formula query? . | ‘ Edit...
Space Group I~ MeE’N\c:‘-C H\C/C\-CH‘C‘\C//O Delete

@ ccoC ConQuest (1)

File Edit Options View Databases Results Help

Refcode: GUSRER

Diagram
3D Visualiser
CSD Internals

Search Overview

Build Queries | Combine Queries "mms‘ View Results

NMe,,

GUSRER

Analyse Hitlist

GUSRER =]
GUSRES

CSD version 5.45 (November 2023

GUSRET
GUSREU
GUSRIV
GUSRIVO01
GUSRIV02
GUSRIV03
GUSRIV04
GUSRIV05 —
GUSRIV06
GUSRIW
GUSRIW01
GUSRIX
GUSRIY

cucnnn

@ Use-as-Query Options x
Hydregens:

¥ Include hydrogen atoms

2 | Chemical Units (molecules, ions, etc.):

(" Biggest chemical unit only
(¢ Make each chemical unit a separate query

" Include all chemical units in a single query

e} HCI: S y
Unit Cell i
— “on 21/

Exparlmenlal
R From GUSRER

Refcode (entry ID) ’

22

o-c O E-c (O b-on

HC—CH HC—CH @l Delete

HC—CH HC—CH /
use this
query?
I=d

From GUSRER

Search | Reset

Cancel OK
19 :
[~ Show terminal carbons stach ‘
| Use as Query... I Detach
@ Draw (1) - Query 2 - O X
File Edit Atems Bonds 3D Opticns Help
Click and drag to create a bond MNext Atom: C 2! 3D Parameters
W Drag to an existing atom to make a connection Mext Bond: Single 7J
CHy=———CH4 CHI=——CH,
DRAW p e v N
E . £ B\
EDIT 4, & fa Ay
OH,—C cC——=C C —OH,
N / [ 7
N £y \ 7
W // R i =)
ADD 3D CHy===CH, \C f7===Cl Hj1 Options.
Delete
Contacts:
©|@ |
RingMaker
Options..
Templates... Delete
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23.

24,

25.

26.

27.

28.

29.

14

Now click on the four carbon atoms incolved in the torsion, in order: C5, C2,
C1, C3. In the Geometric Parameters pop-up, click Define next to Torsion,
then click Done.

You could include all four torsional angles relevant to the relative rotation of
the two rings. If you wish to do so, repeat Step 23 for the C5 C2 C1 C4 torsion,
the C6 C2 C1 C3 torsion and the C6 C2 C1 C4 torsion. For this example we will
not add any more torsions.

Now, click Search. When asked “Overwrite Query?” click Yes.
. Overwrite Query?
25 .
d;‘ Search
Store
ﬂ Cancel e e |

In the Search Setup window, tick as Filters Only —Single crystal structures and
Only — Organics. This will make the search consistent with the Mogul analysis
performed before.

Then click Start Search.

With CSD version 5.45 and 2 data updates (Mar, Jun 2024), we obtain 44 hits
that we can see in the View Results tab. You can scroll through the hitlist and
see which entries are in the list and in the 2D Diagram. You will see the
fragment we looked for in red and the value of the torsion at the top right of
the visualisation window.

We want to analyse more systematically the value of the torsion. To do so,
we will need to export the data to Mercury. Go to File > Analyse Data in
Mercury.

23

@ Draw (1) - Query 2
File Edit Atoms Bonds 3D Options Help

Select aloms to define 3D Parameters or Objects

DRAW
EDIT OH—

ERASE

ADD 3D

. Geometric Parameters

To construct Parameter/Object:

Current Selection:

Select atoms from main window
Hit 'Define’ to construct Parameter/Object

- ] .
_ 2| 3D Parameters:
13
¢ —"0H,
/4

To construct Parameter/Object:

X

Select atoms from main window

Hit "Options..." to set constraints or change options

Current Selection:

j

Search Name: searchl

Available Databases:

[ Show Updates separately

¥ CSD version 5.45 (November 2023) + 2 updates

You can search complete database(s) or a subset
(e.g., hits found in a previous search)

Select Suhse‘ll Clear Subset

Single query being used. Search will find structures:

where this query is true:

Filers . Advanced Options
[~ 3D coordinates determined
™ Rfactor & <= 0.5
<
<

I Only & Non-disordered
¢ Disordered

™ No errors

[~ Not polymeric

[T Noions

c5C2C1C3 | |
Valid Parameters 2l Parameters...l Valid Parameters P E—— |
|A|| Selected: Define... | Torsion:
T iacts:  |-| G - : .
|Torsi0n' | Define | Defined Objects: Jﬂ Options. . | Defined Objects:
Valid Objects Valid Objects
|P\ane. Define
|Cenlr0|d: Define _J _I
Delete Delete
Reset | Done | Reset " Done | I
‘ Search Setup - O X

3D Parameters:

TORT -

¥ Only @ Single crystal structures

" Powder structures

¥ Only & Organics

" Organometallic

27

Start Search

Cancel

Reset

26
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28 30 @ Znalyse in Mercury — [m| X
@ cCoC ConQuest (1): searc1 [Search] - o X Select the items you wish to include from the choices below
File | Edit Options View Databases Results Help
i ) ' -
29 New Window Ctri+N I view rosurs\ File type:  Mercury data file ( .c2m)
Open »
‘::’i Search Ctrls S i L . AKINAL ¥ Include Defined Parameters
SaveSearc cules CSD version 545 (November 2023
Save Search As... Analyse Hitlist
T Crystal data
Write PDF file to view/print... CtrleP Parameters | [Y/AKINAL -]
»” AKINIT [ R-factor [ Space Gp. Symbol [ Space Gp. Number I Mo. of Coordinates
Read Queries... Ctrl+R v BODJOT
Save Queries » -180.000 v’ COBLAG [~ ZValue [~ ZPrime [ Study Temp. [ Calc. Density
. v COZZEX
Export Entries as... /—@7 j]H v’ CUTYEV Cell data
iew Entries in M CtrleM P v CUVNAI
View Entries in Mercury trl L. \\N/\\ (("\J SR ~a b e
J Il o  DOHDPH10 I Alpha  Beta  Gamma B G EmE
Export Parameters and Data... u ~ v DOHDPH11
View in Excel.. ]ﬂ :E(C:Etg:m ™ Reduced Cell 3 ™ ReducedCellb I” Reduced Cell ¢ " Reduced Cell Volume
Close ¥’ FOQHOI " Reduced Cell Alpha [~ Reduced Cell Beta " Reduced Cell Gamma
Exit Ctrl+Q N O v’ GUSRER
j— v HAJQUF Other
PAHOVRUG I” Publication Year ™ Unigue Chemical Units [ Multiplier Sum " Compound Name
N N v HUVGOW q pl p
j‘ |r v JAKPOB :
&/ . N / v JIKTIJ 0% Reset | Cancel | Analyse in Mercury
N ~ v JOBROK
Me ,N—CHO v KEKGIR
: v’ KEWZUI i
| KEXBAR @ AKINAL (P-1) - Mercury - o X
W KIHYUW 3ia File Edit Selection Display Calculate CSD-Community CSD-Core CSD-Material: CSD-Discovery CSDPython APl Help
F Ho :t:gﬁg Picking Mode: | Pick Atoms | Clear Measurements @ £ @ [ Show Labels for | All stoms with Atom Label
| LF 2 v’ NISLOQ Style: |Wireframe v Colour: | by Element | i ManageStyles... [MyStyle | Atom selections: v | seectbyswartslg ]
\P/ v NISLOQO1 D Animate. Default view: b ~v| a b c a* b* * ¥ X+ y- v+ oz 2+ x50 x490 y90 y+90 z90 z490 & — J T zoom- zoom+
P v NISLOQ02 : vy 50y
F »” NISLOQO3 Structure Navigator & x
v NISLUW
o” NISMAD AKINAL Find
ax 5 Crystal Structures. Spacegroup 2
" v searchl
[V Show Parameters =L AL ]
I~ Show terminal carbons Use as Query...| Detach BODIOT  P21/e
COBLAG P-1
COBLAG P-1
COBLAG P-1
COZZEX P21/c
CUTYEV P21/c
30. In the Analyse in Mercury pop-up ensure the option Include Defined 31b Comar
H H H H CUVNAI P21
Parameters is ticked. You may select other parameters if you want to include coma e
. . . . @ Hit Fragment Display Options cuvnal P21
them in your analysis. Click the Analyse in Mercury button at the bottom DoRoHoz pare
H H H H H H Fi 't Selecti Fi 't Highlighti /e
right to proceed. This will automatically bring you to a new Mercury window. rogmenticecien FagnentHationing Do e
A Tree view [ Load multiple structures ECELONOT  P212121
FOQHOI P-1
[ show only hit atoms GUSRER  P-1
i . HAJQUF  P-1
31. In Mercury you have three new windows open: ractore oo fisr
H H H - HUVGOW  P-1
a. The Mercury interface with the list of refcodes from the search in the VAL HovGow -1
uery JAKPOB Pbcn
Structure Navigator. The torsion angle value is highlighted on the v Frg.. I poca
. -180.0 JOBROK P21/n
1 H KEKGIR P-1
structure in the 3D viewr. P
. . . . . . . KEXBAR P21/c
b. The Hit Fragment Display Options. This is not of interest for this rowar ol
1 LIPXUD cafe
example, so we can close it. - upn
. - - . NISLOQ C/e v
c. The Data Analysis window, which we will use to analyse the data. i = =
Show parameters: | All v act < (sum of vdW radii + 0.1A) | | Contacts... show hydrogens - [] Depth cue o —
User defined P [ show cellaxes (] Z-Clipping
Data Analysis... Close e [ Label atoms Stereo [ Multiple Structures
Structures...

Press the left mouse button and move the mouse to rotate the structure
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32. In the Data Analysis table, select the column for the torsion angle under
investigation, clicking on TOR1. To generate a histogram with the
measurements go to Plots > Histogram.

33. The histogram will appear at the bottom of the Data Analysis window.
Observe the data: what do you notice? Where are the clusterings for this
distribution? How does it compare to the one obtained from Mogul?

search1 Histogram 1

33

File

S

Descriptors  Mouse

Display Selection

14
12
10
8
6
2 h
0

Plots  Statistics a8

Data Analysis - O *
3ic 32 v
File Options
‘ @ Dato Analysis -~ o x searchl Spreadsheet 1 A x
File  Options
search1 Spreadsheet 1 8 % File Tools Descriptors Display Selection Plots  Statistics ﬂ 0
File Tools Descriptors Display Selectien Plots Statistics a v Eind identifier l:l Find next
Frdidentfer [ || Findnext —
|dentifier MAME Query  Fragment TOR1 [al
Identifier NAME Query Fragment  TOR1 ~
search1/AKINALD  AKINAL 7 1 -180.0000 search]AKINALD AKINAL 2 18
search1|AKINIT]1 AKINIT 2 1 179.2200 search1|AKINIT|1 AKINIT 2 1
search1[BODIOTZ  BODIOT 2 1 -16030 search1[BODICT)2 EODIOT 2 1
searchl|COBLAGR  COBLAG 2 10367
search1[COBLAG  COBLAG 2 2 0200 search|COBLAG|2 COBLAG 2 1
searchl|COBLAGIS ~ COBLAG 2 3 2453%0 search1|COBLAG|4 COBLAG 2 2
searchl|COZZEX|S  COZZEX 2 1 -180.0000 search1|COBLAG|S COBLAG 2 3
searchl|CUTVEV]T  CUTYEV 2 1 -1.1460
search1|CUVNAIIE  CUVNAI 2 1103710 search1|COZZEX|6 COZZEX 2 1
search1|CUVNAIIR  CUVNAI 2 2 133170 search1|CUTYEV|7 CUTYEV 2 1
searchl|CUVNAIITD  CUVNAI 2 3 157080 search1|CUVNAI|S CUVNAI 2 1
searchl|CUVNAIITT  CUVMAI 2 4 64590
search1[CUVNAI[1Z  CUVNAI 2 5 87870 search1|CUVNAIS CUVNAI 2 2
search1[DOHDPHO213 DOHDPHO2 2 1 -03010 search1|CUVMAI[1D CUVNAI 2 3
search1|DOHDPH10/14 DOHDPH1D 2 1 -25790 search1|CUVNAITT CUVINAI 2 a
search1|DOHDPH11[15 DOHDPHT1 2 1 -180.0000
search1|ECELON|16  ECELON 2 1 1723010 search1|CUVNAI[12 CUVNAI 2 5
search1|ECELONO1|17  ECELONDT 2 11451610
searchl|FOQHOI[18  FOOHOI 2 100910
search1|GUSRER[19  GUSRER 2 1 -60.7840 File Toocls Descripters Display Selection | Plots = Statistics ﬂ
searchl|HAJQUFI0  HAJQUF 2 1 -179.8350
searchl|HOVRUG21  HOVRUG 2 1 -1547800 i . Histogram
search1[HUVGOW[22  HUVGOW 2 1 180.0000 Find identifier l:l Find ne
search1[HUVGOW[23  HUVGOW 2 2 1800000 Palar histogram
h1JAKPOBI24  JAKPOB 2 100970 ifi
searchi]. I Identifier NAME Query Scatterplot
search1]AKINAL|D AKINAL 2 Pol e
olar scatterplo
search1JAKINIT]1 AKINIT 2 P
search1|BODJOT|2 BODIOT 2 Heat plot

35

T
-150

T
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T
-50

T T T T
o 50 100 150
TOR1

34. From this distribution, we can see clustering towards 180° and 0°, so it seems
that this molecule prefers to have the two aromatic rings nearly in plane with
one another, rather than twisted.

35. To compare the torsion in the molecule from the structure under
investigation with this distribution, we can click on the row corresponding to
the refcode GUSRER in the Data Analysis table and this will highlight the value
on the histogram and show the structure in the Mercury interface. To see all
structures in a bar of the histogram, click on the bar and you will see the
corresponding rows highlighted in the table.

36.

We can see that the 4,4'-dihydroxybiphenyl molecule in the structure with
refcode GUSRER is the only result with a torsion angle of ~60°. Searching for
the relative orientation of two aromatic rings with para OH substituents

Picking Mode: | Pick Atoms

< Clear Measurements@p o (Hm|
| style: | capped sticks + Icolour: | by Element | Atom selections v ™

[]| Animate...

Default view: |b

v a b cav b o

Display Options

Display
L] Facking [ Short Contact < {sum of vdW radii + 0.15A) SIUREE -
As tric Unit -
[ Asymmetric Unit |7 14-Bond User defined e
[] Auto centre
Powder...

Reset

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

@ Data Analysis - [} X
File Options
search1 Spreadsheet 1 8
File Tools Descriptors Display Selection Plots Statistics a b
Identifier NAME Query Fragment  TOR1 A

search1|CUVNAL.. CUVNAL 2

search1|DOHDP... DOHDPHO2 2

search1|DOHDP... DOHDPH10 2

search1|DOHDP... DOHDPH11 2

search1|ECELON... ECELON 2

search1|ECELON... ECELONO1 2

search1|FOQHO... FOQHOI 2

search1/HAJQU... HAJQUF

search1HOVRU... HOVRUG 2

earch1IHUVGO... HUVGOW A
search1 Histogram 1 -]
File Descriptors Mouse Display Selection Plots Statistics a v
B L]

] earch1|GUSRER|19
12+
10+
s
6
4]
2]
od

T T T
50 100 150
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shows that the conformation adopted in GUSRER is highly unusual in this
scenario, even more unusual than indicated in the original Mogul analysis.

Conclusions for Example 2

This example shows how to combine advanced searches technique in the CSD-
Core suite to analyse and validate structures.

The analysis performed with Mogul and ConQuest raises two questions that you
might want to consider if a similar situation arises in your research while analysing
your structure:

1. Isthe refinement correct or is there anything that needs double-checking?
2. What is the reason driving such unusual geometry? E.g., a strong hydrogen
bond network.

Hint!

When you export ConQuest results for analysis in Mercury, you can include more
parameters. You can see the options available at Step 30. Including such
information, if relevant, could complement the Mogul and ConQuest analysis
performed and provide more insights.

| @ CCOC Mogul 2024.1.0: GUSRER (P-1) - Mercury

File Searches Databases Help

BuMquery  Resutsand anahss  viw Rructures

Results Havigator
all his: 8549
Acopted hits: 8549
Bifacior: Any  Heavie

View diagrams...| | Mare his..

Statistics
Total : 8549
Selected 5549

(m) |+ 0043

Al fragmests... View query...

a0

52

o -

Magul search - Tersion angle - C26 €28 C31 €30

jlua in query: 60.754

=

9% 135
Tarsin angle / ©

Click 1o [de)seledt bars; ehck and dray o (de)<elect a range

Histogram display
Oneplayed hes: 8549

Selected his:  E349

Histogram: click in bar 1o deselect click again 1o reselect, Right-clicc for aptions.

Ot Sbraries
sekat | all hes i hiogram [A csn 545 -
B cs0 mMar2s wdse

Deselect  al s i histogram [ €50 mr2s upduta -

search1 Histogram 1

File Descriptors Mouse Display Selection Plots Statistics

& ]
] fearchl|GUSRER|19

124

3]

100

150
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Summary
After this workshop you will be able to perform an in-depth analysis of the
geometry of a molecule in a structure of interest using Mogul in Mercury, with
particular focus on torsion angles. You should now know how to:
o Apply filters for the Mogul Geometry Check search.
e Select and deselect specific bars of the histogram to restrict the
visualisation of the results to specific parts of the histogram.
o Look for patterns and similarities in structures contributing to the same
area of Mogul results.
e Include or exclude structures contributing to the Mogul results based on
their relevance.
e Complement Mogul Geometry Check with ConQuest 3D search and
Mercury analysis.

Next Steps

After this workshop, you can explore more exercises in the self-guided workshops
available in the CSD-Materials workshops area on our website. We suggest trying
the Full Interactions Maps workshop, which complement the Mogul geometry
Check in the assessing of stability.
https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-
materials/csd-materials-workshops/

Feedback

We hope this workshop improved your understanding of In-depth analysis of
geometry in Mogul and you found it useful for your work. As we aim to
continuously improve our training materials, we would love to hear your
feedback. Follow the link on the workshop homepage or click on this link to a
survey, it will take less than 5 minutes to complete. The feedback is anonymous.
You will be asked to insert the workshop code, which for this self-guided
workshop is MOG-002. Thank you!
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Glossary

Conformation

The shape, or more precisely, the spatial arrangement of a molecule is called
conformation. The same molecule can present different conformations (different
shapes).

Fragment
Fragment is the generic word used in Mogul for a bond, valence angle or torsion.

Hydrogen Bonds

Hydrogen Bonding occurs between donor-acceptor interactions precisely
involving hydrogen atoms. The H-bonds interactions are classified as: strong
(mostly covalent), moderate (mostly electrostatic) and weak (electrostatic).
Their strength is observed to be between 12 and 30 kJ/mol.

In silico
The expression in silico is used to refer to values that are generated via computer
calculations or simulations.

Torsion Angles

Torsion angles are used to describe conformations around rotatable bonds. The
torsion angle between 4 atoms A-B-C-D is the angle by which the vector A-B must
be rotated in order to eclipse the vector C-D when viewed along the vector B-C.

Two conformations of succinic acid
molecules, shown on refcodes
SUCACBO?2 (left) and SUCACB19 (right)

In light blue, example of hydrogen bonds
for refcode MULWIC.




