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Interactions with Mogul and Aromatics
Analyser
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Introduction

This workshop demonstrates the use of Mogul to analyse the conformation of a molecule and the use of
Aromatics Analyser for assessing aromatic interactions in a crystal structure.

Structural chemists can use the Mogul Geometry Check tool in Mercury to validate the three-dimensional
conformation of a molecule. The data from structures in the CSD can be used to show the most likely value
a particular bond, angle or torsion should adopt, as well as to assess how typical a ring conformation is.
The values of these measurements can be classified as unusual or not unusual by comparison with the
values stored in the Mogul Database. Unusual features could arise for several different reasons, including
intermolecular interaction-driven conformational preferences.

Aromatics Analyser is a tool in Mercury which is built on a neural network, which facilitates quantitative
assessment of aromatic ring interactions. The model is based on a geometric description of aromatic
interactions involving the position of two phenyl rings relative to each other and is based on a large
number of quantum mechanical calculations. The outcome of this model is a score indicating whether the
aromaticinteraction is weak, moderate or strong. This approach provides insight into aromatic interactions
by quickly visualising them and picking out stabilising interactions.

Learning Outcomes

By the end of this workshop, you will be able to:
e Select atoms in Mercury using a SMARTS substructure.
e Use Mogul Geometry Check in Mercury to find unusual torsions.
e Use Aromatics Analyser to calculate aromatic interaction of molecules in different environments.

This workshop will take approximately 25 minutes to be completed. The words in Blue Italic in the text are
linked and reported in the Glossary at the end of this handout.

Pre-required Skills

For this tutorial, we recommend being familiar with the basic functions of Mercury. If you have not used
Mercury before, we recommend studying visualization with Mercury on this page, or attempting this
online module. A summary guide is also provided at the end of this handout.

Materials

No additional materials are required for this workshop.


https://www.ccdc.cam.ac.uk/solutions/software/mogul/
https://www.ccdc.cam.ac.uk/discover/blog/2020-04-17-new-for-20201-release-aromatics-analyser-in-merc/
https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-materials/csd-core-workshops/
https://www.ccdc.cam.ac.uk/community/training-and-learning/csdu-modules/visualization-101/
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Example: Exploring the Conformations and Interactions of
Dibenzylketone in an Anthraphane Co-Crystal

a-Monosubstituted ketones are known in general to prefer a conformation in which one substituent
eclipses the C=0 bond. Such a conformation is optimal for hyperconjugation, as shown in the Figure 1

below.

H H

Figure 1. Hyperconjugation involving C—H bonds is generally preferred, therefore it is usual to find at
least one H-C(a)-C-O torsion around 90-120° in a-monosubstituted ketones.

Dibenzylketones are of interest because they undergo decarbonylation reactions (sometimes in the solid
state) and the ease with which this reaction occurs has been linked to intermolecular interactions® and
conformation.? In the two known polymorphs of pure dibenzylketone (DBK), (refcodes: WUXDOJ and
WUXDO0J02), numerous intermolecular aromatic interactions can be identified, however, the DBK
molecules’ conformations are considered typical (no unusual torsions for the rotatable bonds). In CSD
entry EHUDAO, there are two molecules of DBK co-crystallised with one molecule of anthraphane (Figure
2, right). This presents an interesting case study for how the conformation of DBK can be influenced by
interactions with a different molecule. In this example we will use Mogul Geometry Check and Aromatics
Analyser to explore potential relationships between conformation and aromatic interactions.

Figure 2. Left: dibenzylketone (WUXDO)J). Right: anthraphane-dibenzylketone co-crystal (EHUDAO).

1 J. Zhang, M. Gembicky, M. Messerschmidt and P. Coppens, Chem. Commun, 2007, 2399-2401 DOI:
10.1039/B700073A
2 M. J. E. Resendiz and M. A. Garcia-Garibay, Org. Lett., 2025, 7, 371-374 DOI: 10.1021/100087a005
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1. Open Mercury by double clicking on the Mercury icon. In the Structure Navigator, type "EHUDAQO".3

= u A

Structure Navigator

& X

EHUDAO|

Find

Crystal Structures

EHUDAO
EHUDAP
EHUDAQ
EHUDEQ
EHUDER
EHUDES

EHUDET
EHUDEU
EHUDIU

Spacegroup

P-1

12/a

Pbcn

P21/n

P2/n

C2/c

12/a

P-1 |
P21/c

2. In the Select by SMARTS box, delete [c] and type "C(=0)Cc" and press enter. This is the SMARTS
substructure pattern for the part of the molecule we are interested in analysing with Mogul. The

selected atoms will be highlighted in yellow.

)-Community CSD-Core CSO-Matesials  CSD-Theory CSD-Particle  CSD-Discovery CSDPython API  Help

reenents (5] QO T | |0 Show Labels for A stoom with Ator 757

Manage Styles... Publication ~ | Atomksts: - Select
bea b ¢ xoxe oy oy oz 0B xRy pR 20 20 &

SMARTS: C(=0)Cd

S

Select by SMARTS: C{=0)Cc

3 Please follow the instruction in the Materials section if you are using a workshop license or have not downloaded

the CSD.
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3. From the top menus, click CSD-Core.

CSO-Matesisls  CSO-Theory  CSO-Particle  CSO-Discovery  CSDPython APl Help
B R T O showlabelstor At stoms with Atom Labe

w Publication - Atom lists: v Select by SMARTS: C(=0)Cd
b a b xoxe oy oy 2oze x50 xe%0 550 ye® 290 2% € 2 L T z00m- z00me

4. Click Mogul Geometry Check...

@ EHUDAO (P-1) - Mercury
File Edit Selection Display Calculate CSD-Community CSD-Core CSD-Materials CSD-Theory CSD-Particle CSD-Discovery CSDPython APl Help

Picking Mode: Pick Atoms v Clear) @  Launch WebCSD il atoms with Atom Label
Style: Ball and Stick  Colour: by Element v ConQuest Hit Highlighting... im lists: ~ | Select by SMARTS: C(=0)Cc
) Animste.. | Defauitview: b v a b c g pr @ LaunchConQuest %0 y+% 290 20 | & > L 1 zo0m- zooms
Disorder: None e

Launch Moaoul

Mogul Settings..
IsoStar Interaction Check...
Launch IsoStar

IsoStar Settings..

Select Databases...
Subsets in CSD version 6.01 (Nov 2025)  »

5. Untick Bond Length, Valence Angle and Ring from the Fragment Types area.

Picking Mode: Pk Atoms | Choae Messuremerts () 0| T 00 show Labeltfor 8 storn with Atom Label
Style: Ballnd Sk~ Colour: by Element Manage styes.. Publicaion Atom bt Select by SMARTS: C(=0)Cc
O Animete..  Detaukview: b S B kre gy bon ) Ry ye® B0 10 € S b P oom zome
Discrder Hene
© Mogul Search Settings - X
Fragment ypes

) BondLength (] valence Angie 8 Torsion Angle. () Ring

Seamch Mode




MAT-010

6. Tick Apply filters, and tick Exclude Organometallics and Exclude Powder Structures.

@ Mogul Search Settings - X
Fragment Types
(J Bond Length [ Valence Angle @ Torsion Angle [ Ring
Search Filter Options
Available filters
O Refactor <=5,

O Exclude  Solvents

O Heaviest Element U

@ Exclude  Organometallics v

O Exclude Powder structures

Search Mode

O Only find fragments that match exactly

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

Bonds 15 Angles 15 Torsions 40  Rings 15

Customise fragment classification ...

Help

7. Click Search.

O Rfactor  <=50%
O Exclude ~ Solvents
(O Heaviest Element U
@ Apply filters
@ Exclude  Organometallics v

B Exclude Powder structures

Search Mode
O Only find fragments that match exactly

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

Bonds 15 Angles 15 Torsions 40 Rings 15

Customise fragment classification ...

Help
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8. The Mogul Results Viewer will appear when the analysis is finished. The unusual torsion angles are
highlighted in red. Double-click on a row to view the underlying histograms of data used for
comparison of a query value. In this instance, we will look at 01B C1B C9B C10B, so double-click on

that row.

‘ Type

v torsion
v EHUDAO_2

Molecule

Fragment

Classification

No. of hits Queryvalue Mean Std.dev. |z-s

% O1ACIAC2AC3A  Not unusual (enough hits) 303 -27.074
Q C9A CIAC2A C3A  Not unusual (enough hits) 297 153.238
O1A C1A C9A C10A Not unusual (enough hits) 303 -10.482
‘ C2A C1A C9A C10A  Not unusual (encugh hits) 297 169.209
| v EHUDAO_3
O1BCIBC2BC3B  Not unusual (enough hits) 303 -25.876
__C9BCIBCIBCIB  Notunusual (enough hits) 297 1567
O1B C1B C9B C10B__ Unusual (enough hits) 303 57.026
C2BC1B CSB C10B  Unusual (enough hits) 297 -125.599

The Mogul histogram relevant to the O1B C1B C9B C10B torsion will appear. The value measured in
the query (the molecule from EHUDAO that was selected) will be marked as a red line. In this case we
can see it lies in a relatively unpopulated region of the histogram. Why would you expect this region
of the histogram to have relatively few measurements in it? See the introduction for some hints. To
see the structures that have torsions most like the query, first click Deselect at the bottom of the
window.

EHUOEQ P2l

@ CCOC Mogu 2025..; EHUDAD (P1) - Mercsy
Cobwes .+, 9l fie Searches Databases Halp.

s Buikd query  Resuits and snalysis

View structures

T Results Navigator
Allhits 303
cepted e

olecule  Fragment

0.2
OIACIAC2ACIA
24034

94 C104
C2ACIACSACION
WoR03
018.C18C2BC38
9B CIBC28CI8
o1 c18 con il

| Total: 303
Selected : 303
| | dmin) | 0.000°

Al fragments, View query

Mistooesme

Mol sesrch - Besion angle - 018 C18 C38 C108

vakie i query: 57,0267

Poanber of hes

o « ®
rson ange / *

Chk t(de)aelect bars; ok e drag o (de}aslect a range

Data libearies
Histogram dplay
Dosplayed hits: 303
Selected bt 303

T —
@csosn | - Fan,
C e

EHUDER.
EHUDES
EHUDET
EHUDEY
BUoU
EHUOV
Do
EHUDN
EHUDIY
EMUDOA
EHUO0E
EHUDOC
BHUD0D
EHUDOE
EHUOUG
BHUOUH
EHUDU
BHuou)
EHUOUK
EMUFAD
EHUFAD
EHUFAQ
EMUFAR
BHUFAS
EHUFES
EMUFET
EHUFEU
EHUFEY
EHUFEW
EHUFIA
B
EHUFLX
BRI
Bz
EHUFOC
EMUFOD.
EHUFOE
EHUFOF
PAEOG

fee View
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10. Click on the small grey box directly underneath the relevant bar of the histogram.

- _
= — -
prt | | — -
2
E 12
=z
ore hits... I
6
0 I, l
0 45 90 135
Torsion angle / ©
T o] [0 ] 0
Click to {de)select bars; dick and drag ¥ {de)ssfect a range
5 5 Data libraries
Bl Histogram display Select all hits in histogram
i Displayed hits: 303 ®:csoeni (o9 Filters...

Selected hits: 0 Deselect  all hits in histogram

11. Click the View structures tab.

C CCDC Mogul 2025.3.1: EHUDAO (P-1) - Mercury

Frag) File Searches Databases Help
Build query  Results and analysis|  View structures

‘esul

" Results Navigator
All hits: 303 30
Accepted hits: 303

c3A R-factor: Any Heaviest Element: Any

:SA Exclude: Organometallics, Powder structures

104 |Relevance Number Contribution 5

104 | > 8 1.00 303 100.0%
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12. By default, the Diagram panel will be displayed. Here you can see the structures which are in the
selected histogram bin. The fragment where the measurement originates from is highlighted in red.
Click through the structures to view them.

EHUDEQ P2/

@ CCDC Mogul 2025.3.1: EHUDAD (P-1) - Mercury - o X EHUDES ovs
moe® FO9 o Semches Outsbases Help EHUDET @7
D T TS R — Bhow) U !
ragment ‘nformation Refcode: AVLEW  Data Library: €S0 601 AVILEW EHUDIW P21ie
AW o e
NACIACACIA Torson ange: WIVHUF EHUDOA L4
SACIACACIA 30 Visuskiser S8a41° EHUDOB el
JACIAGACIO Bwoc  pve
EHUDOE P
scicmon Bup ot
- owow e
EHUFAP P3c1
Sune ol
EHUFEU e
| our b
A ouRs P
sum
suz e
Buro e
] oure oot
@ Show Parameters. FHUEDG. Pealt
o % -
Ev
T—

13. When you are finished, click the close button.

EHUDAD P
EHUDAP (/s
£ EHUDAQ  Pben

HUDEQ  P2Un

CIACIAC2ACIA

© CCOC Mg 200831 E4UR0 - - ey = i, ate
Comns * | F29 fiy Souches Dutabases Help HUDET 2%
Suid Results andanshysic  View structures Buw P
sl chickto view resul 29 €7 - GO Pave
Mo sewth -rson anle 018 18 CRRC108 oy P
e Fragment Novigater EHUDW  P2i/c
bt 393 » T = 1 Buox P
P Accepted hits 03 s 57039 Buoy P
< " Refoctor. Any._ Heviet lment %
omciaaacl Lo e v mscures @unos  p1

EHUDOR  P-1
OIACIACIACIR  Relevance Number Contiibution EHUDOC  P21/c

CACIACOACIOA | ETO0. 30T 00K o EHUDOD P2
03 SUD0E  P-1
omcBcEcE owoUG P22
cseciecBCn SHUDUH -
15¢5 C108 » BuoU e
18 . oW B2V
] HUDUK G
3 BURO P
i. P
€HURAQ
View diagrams... More hs. B
EHURAS
eHUFES
— 6 EHUFET
Statistics EHUFEY
4 ol 363 i
Selected 3 BURW P2
B e ,
° “ » 15 0 SR
orson ange /* GURX  Pavn
e 5 Uy @
0k o (de)elec brs; ik and 39 9 (delec a3 Rz R
o SR P2Ve
2 aries EMUFD  Phes
| At i » ’ Sdect | ahitsin istogram i GiuroE  paa
Displayed bt 303 i cosn (@ Fikers BUROF e
RS Descect sl it i historam L sumne st
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14. For comparison, look at a "Not unusual hit", such as 01B C1B C2B C3B.

Help [ Double click to view result in Mogul
Type Molecule  Fragment Classification No. of hits Query value Mean Std. dev. |z-score| |x-mea
V' torsion
v EHUDAO_2
O1ACIAC2A C3A  Not unusual (enough hits) 303 -27.074
COACIAC2AC3A  Not unusual (enough hits) 297 153.238
O1A C1A C9A C10A Not unusual (enough hits) 303 -10.482
C2A C1ACSA C10A  Not unusual (enough hits) 297 169.209
v EHUDAQ-2-
01BC1BC2BC3B  Not unusual (enough hits) 303 -25.876
C98 C1BC2B C3B  Not unusual (enough hits) 297 156.764
[ S =1 3.7 A S L LR LU sos 7020
C2BC1BC9B C10B  Unusual (enough hits) 297 -125.599

15. You will see that it lies in a well-populated region of the histogram, albeit towards the edge of that
region. When you have finished examining the histogram, click the close button.

ol e
@ CCDC Mogul 202531 EHUDAD (P-1) - Mercury. - B §e
File Searches  Databases Help ~ s

Bubdquey  Resulsandansiyss  View structures

Results Navigator Mogu search - s ane - D8 CBCBCE

Accepted hts: 303 ot i query: 25 575¢
St Refector Any Hesviest Bement: Any
" Exclude Organometatics, Powder tructures
| | Relevance Number Contribution
snBE N ETCR R 2 |
Kl
vi

_—_
Naberof hes
& [

Total: 303

Seected 303

I dimin) |- 0.000°

N m
° - 0 13
rson sl [+
= Ok o (deelectbors; ok and g o (deloslectaronoe
Dsta fibraries
Alfragments.. View query.. Seect
Cisplayed has: 33 o — Filtrs..

Pacolacs il hinc i ictnncamn
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16. Make sure that one row with an unusual value is selected and deselect the others before closing the
Mogul Results Viewer. The selected torsion will remain marked on the molecule so you can identify it
easily. This is important because we will analyse the aromatic interactions of each unique DBK
molecule separately in the next section.

S 2

de: Fragments... Deselect all fragments Export..

Double click to view result in Mogul

sults Viewer

Molecule ~ Fragment Classification No.of hits Queryvalue Mean Std.dev. |z-score| |x-mean| Minimum Maximum Median |d(min)| Local density
EHUDAO_2
OIACIAC2AC3A  Not unusual (enough hits) 303 -27.074 0000 0076
COACIAC2AC3A  Not unusual (enough hits) 297 153238 0000 0.064
OTACIACOACIOA Not unusual (enough hits) 303 10482 000 0215
C2ACIACIACI0A Not unusual (enough hits) 297 169.200 0000 0199
EHUDAO_3 i i
OTBCIBC2BC38  Not unusual (enough hits) 303 25876 0000 "0.076
CSBC1BC2BC3B  Not unusual (enough hits) 297 156.764 0000 0.108
18 C1B C9B C10B_Unusual (enough hits) 0.023

0.020

C2B C1B C9B C10B  Unusual (enough hits)

17. Locate the DBK molecule with the unusual torsion. Ensure that no atoms in the other molecules are
selected by clicking in any empty region of the visualiser, then hold down Shift and left-click on the
DBK molecule to select all atoms in it.

)| Animate..  Defauh view: b ShCa B C mome yoye +ome xR @ y0 yel 10 10 € 3 4 T oo zoome

Disceder None

12
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18. Right-click near to the molecule in the visualiser area and from the drop-down menu that appears,
select Colours > Red (or whichever colour you prefer).

- ~
— N S
% :
u ANy e
Selection » -
Styles »

LN

Colours » Custom Carbon...
Labels » Colour By Element
Show/Hide » Colour By Symmetry Equivalence

o - Colour By Atomic Dlsplacerr.mnt
e Colour By Symmetry Operation

Element colours...
Rotation Centre » =

Symmetry Equivalence colours...
White u
Light Grey

Grey

B DarkGrey
B Black

IsoStar Interactions Check...

il
Red

Yellow
Light Green
B Green

Light Blue

19. Repeat this process for the other DBK molecule but chose a different colour, such as blue.

Contacts > TR S B R e AT
. Colour By Symmetry Operatior EHUDUI Ca/e
Delete this Molecule i S
S : Element colours... EHUDUK  C2c
Symmetry Equivalence colours... EHUFAO P-1
IsoStar Interactions Check... EHUFAP P-3c1
e White EHUFAQ  P212121
Light Grey EHUFAR 212121
EHUFAS P21/c
L (i) EHUFES P21
B DarkGrey EHUFET p21/c
B Black EHUFEU P21
) EHUFEV p-1
Ui EHUFEW P21/c
B Red EHUFIA p-1
& [Orzroe EHUFIW coe
EHUFIX P21/n
etol EHUFIY <3
Light Green EHUFIZ P21/c
B Green EHUFOC  P2l/c
EHUFOD  Pbca
g ELve I EHUFOE p212121
B Blue EHUFOF coe
Options | L FHUEOG  Peadi
<< >>
Contacts... 8 show hydrogens () Depth cue W Violet -
Tree Vi
Morelnfov ) Showcellaxes (0 Z-Clipping B Magents bablinn
Powder. O Label atoms bt Colour O Muttiple Structures
Structures..

13
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20. To make it easier to view the molecules in the next steps, change the style by clicking on the Style
drop-down menu and choosing Capped Sticks.

@ EHUDAO (P-1) - Mercury
File Edit Selection Display Calculate CSD-Community CSD-Core CSD-Materials !

Picking Mode: Pick Atoms v Clear Measurements@ PONIAY
Style: | Ball and Stick | Colour: by Element v | : Manage Styles... Publication
(8] V\ﬁreframe. ilt view: b v [lia S bitc a% b =c” X- X+ y- y+ z-
Capped Sticks
Disare gli-and-Sticke
Spacefill
Ellipsoid
Polyhedral

L2

21. We will now use Aromatics Analyser to analyse aromatic interactions involving the DBK molecules.
From the top menus, click CSD-Materials.

AQ (P-1) - Mercury

lit Selection Display Calculate CSD-Community CSD-Core | CSD-Materials | CSD-Theory CSD-Particle CSD-Discovery CSD Python APl Help

Mode: Pick Atoms ~  Clear M Loyt : (] Show Labels for All atoms with Atom Label
apped Sticks - Colour: by Element ~ | © Manage Styles... Publication v | Atom lists: |- Select by SMARTS: C(:
imate... | Default view: b vila ‘b ca b*

X- x+ y- y+ z= z+ x-90 x+90 y-90 y+%0 z-90 z+90 & > | 1T zoom
: None

. 1O

14
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22. Click Aromatics Analyser...

e CSD-Community CSD-Core CSD-Materials CSD-Theory CSD-Particle CSD-Discovery CSDF

~ Clear Measurement Search » All atoms with

t v . Manage Styl Calculations " ltom lists: v [%Se

vijia b c a* b* ‘™ X- Polymorph Assessment  » | .90 y+90 2-90 2z+90 €
Co-Crystal Design 4

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

Hydrate Analyser...
Solvate Analyser...

Contormer Generation...

23. Hold down Shift and left-click on the red molecule to select it. Then click Calculate in the Aromatics

Analyser window to start the analysis.

| Help
el
ARTS: C(=0)Cc

@ Aromatics Analyser

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

T zoom- zoom+

Spacec
P-1
12/a
Pben
P21/n
P2/n
Qe
12/a
P-1
P21/c
P-3
B\otramolecular pairs || Exclude symmetry equivalent interactions e
P43
e P
‘ EHUDOA P1
EHUDOB P-1
EHUDOC P21/c
EHUDOD P21/n
EHUDOE P-1

Atom info Close

15
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24. Aromatics Analyser typically takes 1-2 minutes to run. When the calculation is complete, you will see
the table is populated with likely aromatic interactions, identified by the two centroids of the
interacting rings. Click on a row in the table to display an interaction in the visualiser.

e The orientation and distance help to identify the type of aromatic interaction. For example, a
relative orientation of 0° (parallel planes) indicates a stack, 90° indicates an edge-to-face
interaction and so on.

e The interaction strengths are scored on a 1-10 scale, with 7-10 being strong, 3-7 being
medium strength and 0-3 being weak interactions.

Cc
@ Aromatics Analyser... EHUDAO x B

zoom+

Select atoms in just one molecule

Centroid1 Centroid2 Distance Pbl.elati\(e m:::::m Score Assessment | =
g it 29 49 84.87 Yes 10 P
Z 79T TEUE & ) |
3 1 24 4.97 86.04 Yes 73
4 1 70 525 85.04 Yes 71
5 k2 76 572 0 Yes 6.5 Moderate
6 2 kA 575 3553 Yes 6 Moderate
7 A i 4 5.6 1241 Yes 59 Mod
(O Include Intramolecular pairs () Exclude symmetry equivalent interactions
Calculate Atom info Close
fla N 7 EHUDOA

25. Click rows individually to explore specific interactions.

@ | ' Show Labels for All atoms with Atom Label
cation | Atom lsts: | Select by SMARTS: C(=0)Cc

Pz e (00 xe00) 1y-90) y+00] Z:00 zs90 [ 5>l T zoom- zoom @ Aromatics Analyser... EHUDAO

Select atoms in just one molecule

Relative Inter-

Centroid1 Centroid2 Ditaie | ool | it

(Zhl
2 7 499 68.08 Yes :
3 1 2 497 86,04 Yes i

4 7 525 85.04 Yes
5 |2 7% 572 0 Yes |
6 |2 72 575 3553 Yes 1

v z I3 4 56 1241 Ye:

> [ Include Intramolecular pairs [ Exclude symmetry equivalent interactions
@ Calculate Export Atom info

16
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26. Click and drag with the mouse over the Strong rows (so that all the relevant interactions are visible at
once). Explore these in the visualiser. What type of aromatic interactions are present?

with Atom Label
v | - Select by SMARTS: C(=0)Cc

z+90 ¢ > | 1 zoom- zoom+

| Select atoms in just one molecule

¢ . -
Centroid1 Centroid2 Distance O::::::tliin m::l::;lar Score
\ A 1 29 49 84.87 Yes 10
; [ 282 ] 499 68.08 Yes 85
} (_ 2 1 24 497 86.04 Yes 73
4 70 525 85.04 Yes 71
L 7% 572 0 Yes 65
Q 6 2 72 575 3553 Yes 6
72 11 4 5.6 1241 Ye: 59
> ([ Include Intramolecular pairs () Exclude symmetry equivalent interactions
Calculate Export Atom info
g

27. When you have finished exploring, click Close. Then click Reset.

CSD Python APl Help
with Atom Label

| Select by SMARTS: C(=0)Cc

< > 1 1 zoom- zoom+ ®

Select atoms in just one molecule

- 1 5 x
; y y Relative Inter- .
Centroid!  Centroid2  Distance  ReRE Mer Score Assessment =
1 i 29 49 e4.87 Yes 10 Strong
Spacegroup
2 2 kel 499 6808 Yes 85 strong Pt
12/a
1 2% 497 3604 Yes 73 strong i
o 1 70 525 8504 Yes 71 Strong P2i/n
P2/
5 2 13 572 0 Y 65 Moderate e
2
6 2 n 575 3553 Yes 6 Moderate P-1 ]
1 4 6 1241 59 Moderate R2YC
P-3
O Include pairs () P21/
Calculate Export Atom info P43
\ P-1
NSEe0s 1
EHUDOB  P-1

EHUDOC p2i/c
EHUDOD  P21/n

EHUDOE p-1
EHUDUG p212121
EHUDUH p-1
EHUDU! e
EHUDUJ p2i/c
EHUDUK e
EHUFAO P-1
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28. Select the other DBK molecule (the blue one shown below) and run Aromatics Analyser, following
steps 21-23.

.. Publication Atom fots: Select by SMARTS: C(=0)Cc
ey oy oz 1N e y%0 y® 2 20 € > 4 T zom zoome

stive Inter

2l R
Orientation  molecular S Ay

Contiod]  Centoid2  Distance

\/I
AT
—\

s
EMUDOC
EHUDOD
EHUDOE
EHUDUG
EHUDUH
EHUDUL
EHUDU
EHUDUK
EHURAD
EHURAD
EHURAQ
EHURAR
EHURAS
EHUFES
EHUFET
EHUFEY
EHUFEY
EHUREU
EHURA

29. Notice that two strong interactions have been identified for this molecule compared to four in the
previous instance. Click on them to explore. Are any of these interactions also identified in the analysis
for the other (red) molecule?

with Atom Label

| Select by SMARTS: C(=0)Cc

< > L 1 zoom- zoom+

@ Aromatics Analyser... EHUDAO X [
g x
/ Select atoms in just one molecule
Find
Centroid!  Centroid2 Distance Reative Iogess Score Assessment
Orientation___ molecular

2 503 8515 Yes 87
7 499 66,08 Yes 85
5 565 %27 Yes 61
2 575 3553 Y 6
16 6.02 139 Yes 58 1
17 6 L] Yes 58
b} 604 7941 Yes 58

pairs O

Atom info

Close

EHUDOC  P21/c
EHUDOD  P21/n
EHUDOE p-1
EHUDUG P212121
EHUDUH p-1

EHUDU e
EHUDUJ p21/c
EHUDUK ce
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30. When you are finished, click Close in the Aromatics Analyser window.

Select atoms in just one molecule

8 x

1
1
2
2
1
1

1 0

Centroid1 Centroid2

503

499

565

575

6.02

6

6.04

Distance

Relative

Orientation
85.15
68.08
2127
3553
139
o7

9.41

Inter-
molecular

Yes 87 Strong

Score Assessment

Yes 85 Strong
Yes 61 Moderate
Yes 6 Moderate
Yes 58 Moderate
Yes 58 Moderate

e 58 Moderate

Find

Calculate Export

31. Click Reset in the Display options toolbar.

Conclusions

In this example, we have seen that a co-crystal of anthraphane and DBK exhibits numerous aromatic
interactions. However, one of the two unique DBK molecules forms a larger number of strong aromatic
interactions; this molecule is associated with a non-ideal conformation, showing a single unusual torsion.

Exercises

Atom info

O Include Intramolecular pairs () Exclude symmetry equivalent interactions

EHUDO
EHUDOD
EHUDOE
EHUDUG
EHUDUH
EHUDUI
EHUDU)
EHUDUK
EHUFAQ
EHUFAP
EHUFAQ
EHUFAR
EHUFAS
EHUFES
EHUFET
EHUFEU

212121

p-1
(73
P2i/c

P-3ct
p212121
p212121
p2i/c
1]
p2i/c
P21

In the example, you have examined aromatic interactions involving the DBK molecules.

e Use Aromatics Analyser to explore interactions between the anthraphane molecules. Can you suggest
a reason for the offset stacking of the anthraphane molecules in the crystal?

e Examine other structures from this paper: M. Servalli, N. Trapp, M. Woérle and F.-G. Klarner, J. Org.
Chem., 81, 2016, 2572-2580 DOI: 10.1021/acs.joc.6b00209. Do any of them show similar interactions

and packing?
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Tip: you can search a DOI in Access
Structures to find the
associated with a publication.

refcodes
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https://www.ccdc.cam.ac.uk/structures/
https://www.ccdc.cam.ac.uk/structures/
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Summary

In this workshop we have used tools available in Mercury, namely Mogul Geometry Check and Aromatics
Analyser, to explore potential relationships between conformation and non-covalent interactions and have
uncovered a likely case of such a relationship in a co-crystal of anthraphane and dibenzylketone. You
should now be confident to:

e Select substructures using a SMARTS pattern in Mercury.

e Conduct a Mogul Geometry Check on a substructure of a molecule in Mercury.

e Run Aromatics Analyser on aromatic molecules and assess the importance of aromatic
interactions in a structure.

For your reference, you can find the Mercury user manual at this link.

Next Steps

If you have enjoyed this workshop, you might like to explore other workshops on Mogul which you can
find in the CSD-Core self-guided workshops page or explore further examples of Aromatics Analyser, which
can be found from the CSD-Materials self-guided workshops page. If you would like to learn more about
selecting by SMARTS, you can watch this YouTube video.

How to Cite this Tool

Mercury: C. F. Macrae, |. Sovago, S. J. Cottrell, P. T. A. Galek, P. McCabe, E. Pidcock, M. Platings, G. P. Shields,
J. S. Stevens, M. Towler and P. A. Wood, J. Appl. Cryst., 53, 226-235, 2020 DOL:
10.1107/S1600576719014092

Feedback

We hope this workshop improved your understanding of [tool name and activity] 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 and insert the workshop code, which for this self-
guided workshop is MAT-010. It will only take 5 minutes and your feedback is anonymous. Thank you!

20


https://www.ccdc.cam.ac.uk/support-and-resources/documentation-and-resources/?category=All%20Categories&product=Mercury&type=User%20Guide
https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-materials/csd-core-workshops/
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https://doi.org/10.1107/S1600576719014092
https://www.surveymonkey.co.uk/r/CCDC-Online-Workshop
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Glossary

Aromatic interactions

Aromatic interactions are non-covalent forces involving aromatic systems such as benzene. Contributing
factors to aromatic interactions include electrostatics, dispersion, induction and charge transfer. Common
geometries for aromatic interactions include face-to-face, edge-to-face and parallel-displaced. Face-to-
face and parallel-displaced are subsets of the stacking geometry.

face-to-face edge-to-face parallel-displaced

/‘:< 3 ¢
r_\’:/\ - __.\/O. /__\

g - _r/—\,
= —~ >

Decarbonylation

Decarbonylation is a reaction in which loss of CO occurs. In the case of dibenzylketone, a Norrish Type | a-
cleavage of the triplet state can occur, which generates a benzyl and a phenacetyl radical; the phenacetyl
radical can subsequently decarbonylate. 1,2-diphenyethane is the major product of this reaction.

o

. B

Ph\)k/Ph hy Ph\)k/m\
o o

P H < Ph\J' P

2 ph—— /\/ph
Ph

Hyperconjugation

Hyperconjugation is the stabilizing interaction that occurs when electrons in a o (sigma) bond—usually C-
H or C—-C—delocalize into an adjacent empty or partially filled p-orbital or n-system. In the case of ketones,
a C—H or C—C bond from the a-carbon acts as the filled orbital, and the t* orbital of the carbonyl group
acts as the vacant orbital.

SMARTS
Smiles ARbitary Target Specification (SMARTS) is a line notation used for describing substructure patterns
in molecules. It is an extension of the SMILES notation with logical rules and operations.
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Mercury is the CCDC’s visualization software to view 3D structures of small molecules, generate images,
and animations of molecules

In the following we will see some of the basics of navigation and visualization in Mercury that you will find
helpful to support your analysis. You can also find an extensive range of video resources here.

In the Mercury interface we find:

° : list of menus from which we can access visualization and analysis options, and other
CSD components such as CSD-Materials.

° : the Structure Navigator, with the database loaded (depending on your
licence). The Structure Navigator allows you to select a refcode to visualize in the main Mercury
window.

° Display options toolbar. You can quickly view a packing
diagram, display Hydrogen bonding and detailed information about the molecule using the More
Info option.

L]

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

@ asoHiz 1

Calulate  CSD-Community  CSD-Core CSD-

¥ CSDPython APl Help

o)
a

oo zoom*

ABHTZ  P-
AACANID P2
AACANITT P2

AANHOXD1 Pn
AANOPM P2
ARPUNL PR

w hydragens [] Dapth cue

[ Short Contart = (sum of vdW radii) Contadts...
i

o 2 e viw
User defined

e [] 2-Ciping
More o ~ Llzapan

(] tabel aroms steres L] M

Foveder,..
Reset Structures.

Display Options & x

Display Options

[] Packing (] Short Contact < (sum of vdW radii) Contads... Show hydrogens. [_] Depth cue

[] Asymmetric Unit D H-Bond Default definition E——— [] show cell axes [ ] z-Clipping

Auto centre Label atoms Stereo
U O
Powder...
Reset
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https://youtube.com/playlist?list=PLEtBZ08SGISfk0GDaMnHy_VZW4g5leIXZ&si=bpYADSJxiRRZjH9e
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Using the mouse to enhance visualization:

]

o ‘
L

v [

k| |
Ctrl +

Right click:

Left 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 in the plane molecules.

Ctrl + Left mouse button and move - translate molecules.

a) Near a molecule and
b) Away from a molecule

Selection

Styles

Colours
Labels
Show/Hide

Contacts

Delete this Molecule
Rotation Centre

IsoStar Interactions Check...
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Measure

Packing

Selection
Styles
Colours
Labels
Show/Hide

Contacts
Picking Mode
View

Rotation Centre

New

Draw Backdrop
Display Options...



