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Introduction

Molecules have the potential to adopt multiple different packing arrangements
in the solid state, a phenomenon known as polymorphism, which have significant
influence on a material’s performance. Exploring the polymorphic landscape and
understanding the relative stability of polymorphs is an important process,
especially in early-stage formulation in the pharmaceutical industry.

The Hydrogen Bond Propensity (HBP) tool in Mercury can be used, to evaluate
the relative likelihoods of possible H-bonding networks in any observed
polymorphs of a target system.

Before beginning this workshop, ensure that you have a registered copy of CSD-
Materials or CSD-Enterprise installed on your computer. Please contact your site
administrator or workshop host for further information.

Objectives
e Familiarise with the Hydrogen Bond Propensities tool.
e Learn how to perform a HBP analysis and how to read and interpret the
results.
o Explore how HPB can be used in polymorphs analysis.
e Explore complementary approaches to assess solid forms (namely, Mogul
and Full Interaction Maps).

This workshop will take approximately 1-1.5 hours to be completed.

Pre-required skills
Familiarity with the Mercury interface is important; you can access the
Visualization in Mercury self-guided workshop here.

Materials
There are no additional materials required for this workshop.
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Example 1 A monomorphic system

Sulfasalazine is used to treat ulcerative colitis and Crohn’s diseases. Only one
polymorph has been reported so far for the amide tautomer of this compound.
In this example we will investigate the polymorphic landscape of sulfasalazine
and assess the potential for polymorph formation.

\ COOH
O
N OH

Sulfasalazine (refcode QIJZOY)

Examine H-bonding network
In this section we will examine the potential hydrogen bond donors and acceptors
present in sulfasalazine.

1. Start Mercury by double-clicking the icon on your Desktop or navigating from
the Start Menu (Start > CCDC > Mercury)

2. Inthe Structure Navigator window, type the refcode Q/JZOY, to bring up the
structure of sulfasalazine amide tautomer.

3. The structure will be displayed in the 3D visualiser. There are 3 potential
donors and 6 acceptors.

4. Toggle on the H-Bond check box in the Display Options to investigate how
many of the potential donors and acceptors are utilised by sulfasalazine.

Structure Navigator | o
QIIZOY Find
Crystal Structures Spacegroup G

QUZaY P-1

QUZaYm  P21/c

QIZUE P21/a

CZUG Ceca

QIKBAM Pben

NIKEAD -1 ¥
€ =

[]short Contact
H-Bond

< (sum of vdW radii)
Default definition
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5. Two of the acceptors and two donors are used in intermolecular interactions, 5 Display Options
forming centrosymmetric dimers involving the carboxylic acid and DLy
pyridylamino functional groups. An intramolecular hydrogen bond is also [ Pading [ short Contact < (sum of vaW radi
formed between the hydroxyl group and the O atom of the carboxylic group. g::;":":ntumt I

Press Reset button in the Display Option dialogue box before continuing.

Calculate H-bond propensity

6. From the top-level menu select CSD-Materials > Polymorph Assessment >
Hydrogen Bond Propensities...

7. In the Propensity Prediction Wizard select a working directory by clicking on
Browse... The potential hydrogen bond donor and acceptor atoms are
automatically identified and linked to their functional groups. Three donors
have been identified: N2 as sulfonamide_1, O3 as ar_cooh_1, and O5 as ar
oh. Eight acceptors have also been identified. Note that O3 and O5 are
identified as both donor and acceptor as standard for a hydroxy group. If you
want to adjust the atoms involved as donors or acceptors you can use the
advanced settings: toggle on the Show advanced options check box and click
Edit... However, for this example, we will use the default values.

7
Propensity Prediction Wizard
6
CSD-Materials CSD-Discovery CSD Python API Help Target Selection and Functional Group Definition
E Sea rch » With Atom Label I Working directory: ‘C:{HBP ‘ Browse...
Calculations » I Show advanced options I
€ ~
Functional group library: ‘C:{Program Files (x86)/CCDC/CSD_2019/Mercury/functional_groups ‘ Browse...
N "
Polymorph Assessment Hydrogen Bond Propensities... % selected databases: cep 5,40 e
Co-Crystal Design »  H-bond Coordination Quick-view.. Hytrogen bond defiition: Useexsing regression dota: | Lo | [IGESE
Full Interaction Maps... Updats Structure
Donors and scceptors Functional groups
Hydrate Analyser... 5 o
Jonors (cceptors Add...
Solvate Analyser... om N2 N1  Mstched from library: o
A ; 03 o1 acyclic_NdoubleN
romatics Analyser... 05 02
ar_coch_1 Load...
R N3 ar_M_2
Conformer Generation... N4 ar oh Edit...
e 01 03 su_lfunamlde 1
Crystal Structure Prediction... "3‘©_.. “N2H 04 - Remove
02 a5
Remove Al
@ Launch DASH my
UV All donors and acceptors matched
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8.

10.

The Donors and Acceptors atoms can be highlighted in the 2D chemical
diagram by selecting them from the list. You can also highlight a functional
group from the Match from library list; the corresponding atoms will be
automatically highlighted in the Donors/Acceptors lists. The functional group
as defined will appear in the second window of the Functional groups
dialogue box. You can adjust the functional groups if desired by using the
buttons on the right-hand side Add..., Sketch..., etc. We will leave all the
default settings for this example and click Next

Ensure that the Start analysis automatically check box is unchecked and click
Generate. As the training set (generated fitting data) starts to be populated
with CSD structures the functional groups and an indication of their Count
and Advice can be seen.

When the runis finished, the total number of structures found for each group
is listed. The numbers for each functional group can be uneven - it is a good
practice to aim for a model with groups evenly represented and around 300-
400 observations per group when possible to balance enough data with
chemical specificity. Be aware that your results/counts may differ based on
the different data release. These results were obtained with a version prior
2020.3.

9 Auto generate fitting data structures

| Generate | Stop 0% Analyse Cancel

|:| Truncate data generation at #items 2000

0%

I|:| Start analysis aummaﬁcallyl

Use the slider to obtain suffident and even group representation

Group Count Advice

[ or load from existing file

Browse...

Update Structure

Donors and acceptors

‘_él—o 3H

04

J All donors and acceptors matched

10

Auto generate fitting data structures

Donors

Acceptors

N2

Qs

Functional groups

~ Matched from library:
acyclic_NdoubleM
ar_cooh_1
ar_M_2
ar_oh
sulfonamide_1

Add...

Sketch...

Load...

™

0 Edit...

/ Remove
£
C OH,
1 Remove Al

I 4813 structures in fitting data {good size)

cererate | soo [ o> e

D Truncate data generation at #items

[ start analysis automatically

Use the slider to obtain suffident and even group representation

2000

Cancel 0%

|
Group Count Advice
1 acyclic_MNdoubleM 1287 good number
2 ar_coch_1 1431 good number
3 ar N2 1426 good number
4 ar_oh 1957 good number
5 sulfonamide 1 1426 good number

[ or load from existing file

Browse...
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11. When the run is finished, adjust the group number by using the slider

12.

13.

highlighted in blue. This allows you to remove or add structures until a more
even set of data is obtained. In general, around 300-400 structures per
functional group should be enough. Select around 800-1000 structures in
total, with around 300-400 structures per functional group, then click
Analyse.

When the analysis is finished the number of the True and False outcomes
will be listed. If there are very low numbers for True or False, they will be
automatically ticked in the Ignore? checkboxes. There are no very low
values in this example. Click the Fit Model > button to continue.

For this example, the Area under the ROC (receiver operating
characteristic) curve (AUC) should be around 0.82. To achieve a good H-
bond propensity calculation you should always aim for an AUC of around
0.75 or above. Click Accept & Calculate to continue.

12

Auto generate fitting data structures 994 structures in fitting data (goed size)

11

13

Generate s | I > [ | e I o
[ Truncate data generation at =items 2000 Analysis complete, Press 'Next,
[] start analysis automatically Category Label #True ¢False Ignore?
Use the slider to cbtain sufficient and even group representation 1 Donor(s) atom_0_of ar_oh (matches.. 997 1334 []
I 2 atom_0_of sulfonamide 1. 328 588 ]
Group Count Advice 3 atom_?_of ar_cooh_1 (mat.. 488 1035 []
1 acyclic_NdoubleN 02 good number
4 Acceptor(s) atom_0(1)_of acyclic Ndo.. 112 295 [
2 ar_cooh 1 an good number
5 atom_0_of arcooh_l (mat.. 507 432 [
3 ar N2 462 good number
6 atem_0_of ar_ch (matches.. 256 1011 O
4 aroh 850 good number
7 atem_1_of ar_N_2 (matche... 394 381 ]
5 sulfonamide_1 301 good number
E atom 2 of ar.cooh 1 {mat.. 35 782  []
9 atom_3(4)_of sulfonamide.. 227 367 [
[ or koad from existing fie
Browse...

Fit Model > Cancel

Auto generate fitting data structures

l 994 structures in fitting data {good size) l

D Truncate data generation at Fitems 2000
[ start analysis automatically
Use the slider to obtain suffident and even group representation
Group Count Advice
1 acyclic_NdoubleN 302 good number
2 ar_cooh_1 37 good number
3 ar N2 462 good number
4 ar_ch 650 good number
5 sulfonamide_1 301 good number
[ or load from existing fie
Browse...
Use this page to fit, assess and refine a hydrogen bond logit model. Refine Model...
Model Coeffident Statistics
logit_meodel_1 Coefficients: -
Coefficents: Estimate [5td. Error| g value |Pr(=|z[) Significance code Lower Bound Upper Bound
(Intercept) 0.358 0.272 1.314 |)0.188775 F0.181 10.838
Donoratom_0_of_sulfonamide_1 0.556 |0.119 645 |3.33421e-06 [F* 0.321 0,750
Donoratom_2_of_ar_cooh_1 0.258 0.033 12,943 ||0.00325173 |[*= 0.085 0.429
Donorother 0.973 |0.080 12,170 |4.4987e-34 |[=*= 0.817 1.131
Wcceptoratom_0_of_ar_cooh_1 0.768 |[0.203 3.774 ||0.000160598 [*** 0.330 1.179
[Acceptoratom_0_of_ar_oh -0.034 [0.201  |[0.159 |jp.8&5501 Fo.419 0.373
IAcceptoratom_1_of ar_N_2 1906 [0.198 |p.542 |[5.31971e-22|= 1.530 [2.306
Wcceptoratom_2_of_ar_cooh_1 2.230 0,272 (3.204 ||2.32082e-15 7= F2.769 (-1.700
Weceptoratom_3(4)_of_sulfonamide_1  |[1.623 |0.205 7928 |2.2346e-15 7= 1.232 12.037
Acceptorother 1.915 |0.191 10,021 ||1,23555e-23 | [*** 1.552 12,303
Competition 0.046 |0.003 5.974 ||2.30958e-09 |[*=* 0.031 0.061
Donor_steric_density -0.021 0.003 (-8.187 ||2.68874e-15 [*** 0,026 -0.018
Wcceptor_steric_density -0.035 0.003 -12.017 |2.87867e-33 [*** -0.041 -0.030
Donor_aromaticity -0.054 0.193 H0.283 |[0.777413 10.433 0.322
Wcceptor _aromaticity -0.864 [.136 4634 ||3.58098e-06 [*=* 1,230 -0.499
Donoratom_0_of_ar_oh 10.000 /A MfA M/a MjA M/A MfA
|cceptoratom_0(1)_of acydic_Ndoublen|j0.000 |j/a M Iy A Pa hja
Area under ROC curve = 0,824307 (good discrimination) W
Accept & Calculate = Cancel
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Summary of HBP results
14. The Chart:

15.

plots Mean H-bond Propensity vs the Mean H-Bond Co-ordination
target structure is represented as a magenta circle

to zoom use the magnifying glass icon in the lower left-hand corner of
the wizard, to go back to the default option press Reset

the most likely H-bonding network is displayed in the lower-right corner,
the outcome should be read along the diagonal

QIJZOY has the most likely H-bonding network for sulfasalazine listed first
in the lower right-hand corner

click on the points to highlight the H-bond network in blue in the
Propensity score table

Propensity Score Table

the most likely H-bonding network will score the highest propensity and
will be listed first in the table

the H-bonds present in the targeted structure are marked as observed
the table is interactive, clicking on observed will highlight the donor and
acceptor group in the 3D visualizer, clicking on an atom label, in either
the Donor or Acceptor columns, will highlight the functional group and
label the atom in the 3D visualizer

The Propensity scores table shows all possible H-bond interactions for
sulfasalazine, with 03-H13...N1 giving the highest propensity. You can
see this interaction is observed in the QIZOY structure.

Co-ordination Scores Table:

(a) stands for acceptor and (d) for donor,

=0, =1, =2 denotes the number of times a functional group donates or
accepts

The numbers that are coloured relate to the outcome present in the
selected H-bonding network, if this is green it indicates that the outcome
is optimal, whereas if it's red that indicates the outcome is sub-optimal.
For QIJZOY all the H-bonds present are optimal apart from N1 of the
ar_n(a) group. Based on CSD data for this type of atom in this
environment, it is more likely not to accept any H-bonds.

In conclusion, QIJZOY was found to be the most likely polymorph based on
both propensity and coordination, and this agrees with the experiments: only
one polymorph of the amine tautomer of sulfasalazine has been found so far.

Mean H-Bond Propensity
03 04 05 08

Propensity scores

Hydrogen-bond propensities for QUIZOY calculated using 'logit_model_1'

I 1 I 1 Donar Acceptor

e
8QLZOY 0z

6+ 03

0.4

o

054

06—

-~
Mean H-Bond Co-ordination

07 4

~

Number of H-band pairs
w

08 A

094

104

Min. donor co-ordination P{n) value ]

Min. acceptor co-ordination P{n) value ]

Reset

o\

observed

N2 of sulfonam... N1 of ar_N_2

05 of ar_ch N1 of ar_N_2

03 ofar_cooh_1 01 of sulfonam...

03 of ar_cooh_1 02 of sulfonam...

Propensity

0.42
0.40
037

037

Quzoy

~

v

Co-ordination scores

Left-clicking table items visualizes H-bond
groupsfcontacts and interacts with chart

(To refresh table: left-dlck chart point)

Atom Highlighting...

Atom (D/A)

N2 of acyclic_T3NH_suffory! (d)

=0
0.020

=1 =2

0.061

-

1
2 03of cooh (d) 0.013 0.021
3 OSofaroh(dl 0.129 0.001
s u Ifa Sa Ia ZI n e 4 MNlofarn(a) 0.481 0.488 0.021
5 N3 of acyclic_NdoubleN (a) 0.081 0.000 A4
=
Recalculate
Highlight by table cell selection: Logit medel: logit_model_1 - e
@® off O Highiight © show Only Target structure(s): |QUIZOY group - 1item - ==
15 Co-ordination scores
(To refresh table: left-dick chart point)
Atom (DfA) =0 =1 =2
1 N2 of acyclic_T3NH1_sulfonyl (d) 0.020 0,061
2 03 of cooh (d) 0.013 0021
3 050far_oh (d) D129 0.001
4 Nlofarn(a) 0.491 0.488 0.021
5 N3 of acyclic_MNdoubleN (a) 0.081 0,000
& N4 of acyclic_NdoubleN (a) 0.006 0,000
7 01 of acyclic_T3NH1_sulfonyl (a) 0.478 0.016
8 02 of acyclic_T3NH1_sulfonyl (a) 0.359 0.010
9 03 of cooh (a) 0.038 0,001
10 04 of cooh (a) 0.464 0.004
11 05 of ar_oh (a) 0.229 0.010
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Example 2 A polymorphic system

N’-(1,3-dithiolan-2-ylidene)-4-nitrobenzohydrazide, a potentially tuberculostatic
agent, is known to crystallise in three polymorphic forms. The first two
polymorphs (refcodes DEDMUX and DEDMUXO01) form identical H-bond networks
(N-H...0) and have similar geometry, while the third polymorph (refcode
DEDMUXO02) forms a N-H...N H-bond network and the geometry of the dithiolane
ring is largely different.

In this example we will use the HBP tool to assess the relative likelihoods of the
H-bond networks observed in the three polymorphs.

N—NH

N’-(1,3-dithiolan-2-ylidene)-4-nitrobenzohydrazide (refcode DEDMUX).
Form Ill (purple) has a different geometry

Examine H-bonding network

1. Start Mercury by double-clicking the icon on your Desktop or navigating from
the Start Menu (Start > CCDC > Mercury)

2. In the Structure Navigator window, type the refcode DEDMUX, to bring up
the structure of the first polymorph.

3. Ensure that the H-Bond check box in the Display Options area of the Mercury
interface is toggled on and expand the contacts for Form I. Note that the N of
the amide group acts as donor and the O atom of the carbonyl group as
acceptor. The same interactions are present in Form Il. You can investigate
this by repeating step 2 and loading DEDMUXO01.

Load Form Ill by typing DEDMUXO2 in the Structure Navigator window. The
H-bond interactions occurs between the N amide and the N imine.
Check all the possible donors and acceptors. How many are there?

Display Options
Display
[ Packing [Ishort Contact < (sum of vdW radii)

[] Asymmetric Unit ] H-Bond Default definition
D Auto centre

H-bond network

—>

Reset

Structure Nawvigator g X
E 2

DEDMLIX Find

Crystal Stru}étures Spacegroup 2
DEDMUKX  P21/c
DEDMUKDT P-1
DEDMUKDZ P21/c
DEDMIM P21/n
DEDMNOS P21 h

s ==
Form | and Il 4 Form Ill -

AR
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Calculate H-bond propensity

4.
5.

Repeat steps 6 to 9 from Example 1 to generate the HBP analysis for Form llI.
Select around 800-1000 total structures using the slider and then click
Analyse. After the analysis is finished click Fit Model. In the Model Fitting
wizard click Accept & Calculate.

Form IIl is represented as magenta circle in the propensity chart. The N-H...N
hydrogen bond interaction present in this form gives a very low propensity
score (0.08). If this was the first solid form discovered, you would see that
there are clearly other putative H-bonding networks that exhibit both better
propensity and better coordination, so the conclusion would be that there is
a significant risk of polymorphism based on H-bonding in this case.

To see where Forms | and Il are located in the chart you can load them by
clicking Target structure(s) drop-down menu in the Recalculate section and
then click Select multiple... In the Search Structure Section dialog box, click
the T icon, then tick the box for Enter refcode family, then click OK. You can
see the three DEDMUX refcodes in the Selected structure(s) pane. Click OK,
then click Recalculate.

Propensity scores

6 Mean H-Bond Propensity ] :
00 01 02 03 0 0s 05 07 08 08 10 Hydrogen-bond propensities for DEDMUX02 caleuiated using logit_model_1
00 1 1 1 1 1 1 1 1 1 1 Doner Acceptor Propensity DEDMUX
INTER-molecular
014 N2 of acyclic_a.. O1of acyclic_a.. 0.46
e N2 of acyclic s, O2ofarnitre  0.20
0.2
N2 of acyclic s, O3ofarnitre  0.20
6+
5 s N2 of acyclic_a.. 51of cyclic_thi.. 0.01
B 04 hd
5 < >
o & Left-clicking table items visualizes H-bond
54 S 054 oroups/contacts and interacts with chart blen
- 5
5 @ Co-ordination scores
3 T s {To refresh table: left-click chart point)
= ]
5 2 v Atom (D/A) =0 =1 =2 ®
£, o7 1 N2 of acyclic_a.. 0.081 0030 0000
2
os @ 2 Nlofacyclien. 0547 0453 0000 0000
1 v 3 Olofacyclica. 0319 0660 0018 0002
09 4 02 of nitro (a) 0105 0006 0000
0 5 03 of nitro (a) 005 0007 0000
1.0
6 S of eyclic_thi.. 0026 0000 0000
Min. doror co-ordination P(n) value L] 752 of cyclic_thi.. 0026 0000|0000 hd
Win, acceptor co-ordination P(n) value L] Recalalate
Highlght by table cell selection: Logit model: logit_model_1
Recalculate
aN e @ off O Highlight © show Only Target structure(s): |DEDMUXD2 group - 1item

Publish Report...

Close

€ Propensity Prediction Wizard

Generate Fitting Data

Auto generate fitting data structures 874 structures in fitting data {good size) l

I 0% | aoayoe | [ o 0%

[] Truncate data generation at Fitems 2000

Generate Stop

[ start analysis automatically

Iz the slider to ohtain sufficient and even groun renresentation

Group Count Advice
1 acyclic_amide 708 good number
2 acyclic_nhn 508 good number
3 arnitro 153 good number
4 cyclic_thioether 433 good number

[ or load from existing fie

Browse...
Fit Model > Cancel
Recalculate Use the buttons to select/deselect items you wish o use
Available Structures Selected Structures (3)
) - ~ Refcode Lists
Logit model: logit_model_1 - | v search_refcodes
Recalculate 1 DEDMUX
Target structure(s): |DEDMUX02 group - 1item - DEDMUX01
. - DEDMUX02
DEDMUX02 group - 1item
Use the buttons to select/deselect items you wi: 158

Available Structures

Selected Structures (0) a
Refcode: |DEDMUXD2

Refeode | DEDMUX
A DEDRUK
DEDMUX02
B
=]
— - >
= I Enter refcode fam\\yl ‘

Recaloulate

Logit model:

oK Cancel

I oK I Cancel

logit_model_1 -
Recalculate
Target structure(s): |DEDMUX02 group - 3 item{s) -
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8 —
Mean H-Bond Propensity ] o
8. All three polymorphs are now plotted on the chart. To identify where each S M M A A A A Hydmg:j:dDmpenm::;;jmﬁ‘m:j:::::tgyhgmad?;;:f*
polymorph is represented on the chart, check the legend shown on the left- 01 “_-
hand side of the dialogue indicating the structures displayed. You can see - 02 N2ofacyclic e.. O2ofarrito 020
that Form | and Il have the same H-bond network (N-H...0) with the highest R :i:j: :j:w‘ Zz: .
propensity and best coordination. & '° ™7 gttt et b = H‘gmgm.’.
9. If we compare the Co-ordination scores of Forms | and Ill we can see that e’ : ] T
there are two sub-optimal acceptors for Form Ill. N1 donates once but will ;: : :j: . Uﬁmh::i;;mm:m s
prefer to donate zero times and O1 accepts zero times but will like to accept jg , oo % | N2ofasyclica.. 0105 e oo
once. In Form | the co-ordination scores for all donors and acceptors are 2 . ® i: :i: o e Z:D Ezzz
optimal. 0 o A p— o loms oo
In conclusion, one of the polymorphs (DEDMUXO02) is observed to have a e v 5 03afniro o) v Joos  Joso | |-
noticeably less likely H-bonding network than the other two experimentally-
observed polymorphs (DEDMUX & DEDMUXO01). To evaluate the similarity
of the two polymorphs with the same H-bonding network, we would follow
this up by looking into the molecular conformations, packing density and
the 3D geometry of the intermolecular interactions.
Co-ordination scores Co-ordination scores
E (To refresh table: left-cick chart point) (To refresh table: left-dick chart point)
Atom (D/A) =0 =1 =2 =32 Atom (D/A) =0 =1 =2 =3
1 N2 of acyclic_amide (d) 0.105 0029  0.000 1 N2 of acyclic_amide (d) 0.081 0030 0.000
2 N1 of acyclic_nhn (a) 0200 o000 0000 2 N1 of scyclic_nhn (a) 0547 0453 0000 0000
3 Olofacydic amide(a) 0329 0017 |0.002 3 Olofacycicamide(@ 0319 0660 0013 0002
4 02of nitre (a) 0105 0006 0.000 402 of nitro (2) 0105 0006 0.000
5 03 of nitra (a) 0105 0006|0000 5 03 of nitro (a) 0105 0007 0000
6 51 of cyclic_thioether (a) 0026|0000 0000 § 51 of cyclic_thioether (a) 0026 0000 0000
7 52 of cyclic thioether (2) 0026 0000 10000 7 52 of cyclic_thioether (a) 0026 0000 0000
Form| g Form Il _
03
¥ N3 ¢ S1
¥ v - P ¢
o m("Ni 4 B
03 © g0 N1 Ts2
P o s1
& 3O% L %
” NS,
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Complementary approaches to assess solid forms

Using Mogul to assess molecular conformation

Mogul is able to provide an assessment of a given structure’s conformation by
comparing it to the data from the hundreds of thousands of structures already in
the CSD. By using the statistical distributions of similar fragments, Mogul can
confirm your 3D geometry is appropriate, or flag values that are too far outside
the norm.

In this example, you will see how to use Mogul to corelate the HBP findings for

A .

Mogul search - Bond length - N2 M1

Value in query:

1.4188

132

W
N’-(1,3-dithiolan-2-ylidene)-4-nitrobenzohydrazide  polymorphs  with the e _
geometric performance. Mogul can be run as a stand-alone application or from gE= 13 Las it
the Mercury interface. For this tutorial, we will use Mercury to run Mogul.
10. Close all the HBP related dialogue boxes and with DEDMUX02 (Form Ill) 10 CSD-Core CSD-Materials CSD-Discc 1 @ iogul Search Seing: - x
loaded in Mercury, click on CSD-Core menu and then select Mogul Geometry * @ Launch WebcsD TP
Check from the dropdown menu. ConQuest Hit Highlighting.. et e e (s e (g
11. Inthe Mogul Search Settings dialogue box, you can typically use the defaults @ Launch ConQuest .
in this window, but we can streamline our search by unticking the box for Data Analysis Module... g“":‘:“’ — .
rings and ticking the boxes for Apply Filters, Exclude Organometallics, and Mogul Geometry Check... N D:l;'tmu .
Exclude Powder structures. Click Search to start. @ Launch Mogul SR vt (ogmonetsha =
12. Adialogue box will pop up to warn you that you are going to check the entire gl SET e Hdde Powder emuchres
molecule. Click OK to continue. IsoStar Interaction Check...
13. The search will begin to run. You can follow its progress in the Search @ Launch Isostar Seach ok
Progress dialogue box. soStar Settings.. Dot——
Select Databases... Bods [15 | Angles [15 | Torsons [0 | Rees 15
Costomse rognent dasscaton .
12 Help Search Close
@ o atoms selected x 13

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

To analyse just part of the displayed molecule(s), hit 'Cancel'

and select atomns before starting the analysis.

O Search Progress

Bond -
C6C5

Performing exact search

15%
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14,

15.

16.

17.

18.

12

When the search is complete, your results will be displayed in the Mogul
Results Viewer.

The results are color-coded. Unusual values are flagged in red. You can see
that the N2-N1 bond and C1=N1-N2 angle are flagged in red. It is worth
noting that the unusual bond and angle contain the N1 and N2 atoms which
are involve in forming a more unlikely H-bond interactions, as observed in
the HBP results.

Scroll through the results until you find the bond for N1-N2. Double-click
this line to bring up the data from the Mogul library.

The red line marks the value of the bond distance from your molecule (the
query). The histogram shows the data from the CSD, color coded by update.
(Note, you can double-click the color swatches to change what color is
shown.). To see which structures contribute to a certain bar on the
histogram click Deselect.

Click the bar directly under the red query line. This will highlight that
particular bar of the histogram.

17

15

16

@ CCDC Mogul 1.8.1: DEDMUX02 (P21 - CSD-Enterprise - 0 x
File Searches Databases Help
Results and analysis

Build query View structures

Results Navigator
Allhits: 2336

Accepted hits: 2336

R-factori Any Heaviest Element; Any
Exclude: None

Mogul search - Bond length -N2 N1

£ -
Value n query: 1.415h

Relevance Number Contribution
1.00 2336 100.0% 312

234

156

Number of hits

View diagrams... More hits.

‘Statistics

Total : 2336

Selected : 2336 o = L

Mean : 1.3764 125 13 135 1.45 15

Standard deviation : 00184 Bond length / &
Wi

i
Lower guartie : 1.3664
Median : 1.3774
Upper quartie : 1.3874
Maximum : 14924

| z-score | : 2.408

Click to (de)select bars; diick and drag to (de)selecta range

Datalbraries
Histogram display Select | allhits i histoy
e alhits in histogram Glesnsa -

Displayed hits: 2336 Filters. Cluster

. ll hits in histogram ¥
Jry— p— Selectedhits: 2336 g CSD Feb19 update

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

@ Mogul Results Viewer - o x
Show / hide : Fragments... Deselect all fragments Export...
Help Double click to view result in Mogul
Type Molecule  Fragment Classification Me. of hits Querywvalue Mean Std. dev. |z-score| |x-mean| Minimum Maximum Median | d(min) |~
~ bond
v DEDMUX02
CIN1 Not unusual (encugh hits) 43 1.283 1278 0012 0.472 0.006 1237 1.29 1.280  0.000
csc2 Not unusual (enough hits) 6643 1301 149 0016 0.347 0.006 1273 1.636 149 0000
34 Not unusual (encugh hits) 351 1518 1481 0048 0.768 0.037 1.247 m 1495 0.000
C6C5 Not unusual (enough hits) 11237 1.400 1390 0015 0.654 0.010 0.898 1.585 1.391 0.000
C6C7 Noet unusual (enough hits) 11312 1387 1382 0015 0.285 0.004 1.050 1623 1383 0.000
o} Mot unusual (enough hits) 8070 13835 1377 0017 0.446 0.007 1.0% 1.576 1378 0.000
(a)e:} Mot unusual (eneugh hits) 8070 1324 1377 0017 0.384 0.006 1.096 1576 1378 0.000
[a[ife) Mot unusual (encugh hits) 11257 1391 1390 0015 0.084 0.001 0.898 1585 1391 0.000
C2 N2 Mot unusual (encugh hits) 1895 1363 1351 001 1.060 0.012 1239 1439 1350 0.000
C8N3 Mot unusual (eneugh hits) 7506 1473 1467 0.022 0.297 0.006 1257 1.839 1469  0.000
o1 Not unusual (encugh hits) 7661 1.224 1228 0017 0.240 0.004 1.004 1393 1228 0.000
02 N3 Not unusual (encugh hits) 8530 1227 1220 0.020 0.369 0.007 0.887 1430 1222 0.000
03 N3 Not unusual (encugh hits) 8530 1.226 1220 0.020 0.315 0.006 0.887 1430 1222 0.000
c1sl Not unusual (encugh hits) 57 1.756 1758 0012 0.267 0.003 1736 179 1757 0.000
c1s2 Not unusual (encugh hits) 57 1735 1738 0012 0317 0.004 1736 179 1757 0.000
351 Not unusual (encugh hits) 638 1817 1805 0.027 0.454 0.012 1.603 1920 1.808 0000
452 Not unusual (encugh hits) 658 1817 1.805  0.027 0.436 0.012 1.603 1920 1.808 0000
c1co Noet unusual (enough hits) 11312 1395 1382 0015 0.819 0.013 1.050 1623 1383 0.000
N2 N1 Unusual (enough hits) 1980 1418 7 2474 0.043 1.290 1432 1.376 0K
~ angle v
< >
sl Not unusual {encugh hits) 56 96.173 93.935 2.853 0.785 224 87.334
c4s2C1 Not unusual (encugh hits) 56 24417 93.935 2.853 0.169 0.463 87.334
C1NT N2 Unusual (enough hits) 41 115.579 2308 3.879 1
“ torsion
hd DEDMUX02
STCTNTMZ  Motunusual (encugh hits) 22 -2.693
c10Co Net unusual (encugh hits) 11312 1.395 1382 0015 0.819 0.013 1.050 1.623 1383
M2 N1 Unusual (encugh hits) 1980 1.418 1375 0017 2.474 0.043 1.280 1.482 1376
Mogul search - Bond length - N2 N1
390 — T
—{ Value in query: 1.418A
312
234 ]
]
=
k=] | L
5 = =
5 156
=]
=
7 —
, = ‘_.—.—l_i_r 7_._
125 13 135 14 145 L5

Bond length /&

Click to (de)select bars; dlick and drag to (de)select a range
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19.

20.

21.

22.

Now click the View Structures tab, near the top of the window to see a list of
refcodes included in this bin. The default view for this window is the 2D
diagram. Note that only 20 structures are present in CSD with this particular
N1-N2 bond distance. Scroll through the refcodes on the right side of the
window to view different structures.

Click the 3D Visualizer button to see a 3D rotatable view of the structure.
The fragment of the molecule used for comparison will be highlighted with
the value displayed in green.

In the Structure Navigator window, type the refcode DEDMUX, to bring up
the structure of Form | of N’-(1,3-dithiolan-2-ylidene)-4-
nitrobenzohydrazide. Launch Mogul Search Settings and start the search as
explained in steps 10 to 14.

Scroll through the results and note that for Form | there are no red flagged
bonds or angles.

In conclusion here, Mogul confirms that based on relevant structural data in the
CSD, the geometry in Form | is found to be statistically usual, while Form llI
exhibits a conformation that is unusual. This assessment that Form | is more
optimal agrees with the HBP analysis findings, the H-bonding network found in
Form | is more likely based on CSD data compared with that in Form Il

21

@ ccDC Mogul 1.8.1: DEDMUXC2 (P21c) - CSD-Enterprise - o x

File Searches Databases Help

Build query  Results and analysis  View structures

BEXTAB
Dizgram CAKMOT
CDSCBE
DEDMUX02
EWAFIR
GICTUK
KEKCOU
KEKCOUD1
KEKCOU02
KEKCUA
KUWGOA
LUBlQ
OF0SUZ
OQUXII
Qupuy
TIQCON
TOZNED
VUITAX
WAWTIZ
KUTAN

Information Refcode: DEDMUX02 Data Library: CSD 5.40

30 Visualser

<< >

Reset display Display fragments

20 structures

View entries

@ CCDCMogul1.3.1: DEDMUX02 (P21\c) - CSD-Enterprise
File Searches Databases Help

Buldquery  Resultsandanalysis  View structures

Information Refcode: BEXTAB  Data Library:CSD 5.40

Bond length:

30 Visualiser 1.417A

Fragment

Show Parameters

View entries

BEXTAB

BEXTAB
CAKMOT
CDSCBE
DEDMUX02
EWAFIR
GICTUK
KEKCOU
KEKCOUO1
KEKCOUD2
KEKCUA
KUWGOA
LuBIQ
OFOSUZ
0QUXII
QupPuy
TIacon
TOZNED
VUITAX
WAWTIZ
XUTAN

<<

>>

20 structures

22
@ iogul Resuts Viewer - o x
Show [ hide : Fragments... Deselect all fragments Export...
felp Double lick to view result in Mogul
Type  Molecule Fragment  Classification No.of hits Queryvalue Mean Std. dev. |z-score| |x-mean| Minimum Maximum Median |d(min)| Local de
~ {bond
v DEDMUXDT

CT Not unusual (enough hits] 43 1279 1278 0012 0004 0001 1257 12% 1280 0000
fate) Not unusual (enough hits) 6645 1409 1496 0016 0225 0004 1273 185 149 0000
cica Not unusual (enough hits] 351 1517 1431 0049 0734 0036 1247 1455 0000
csCs Not unusual (enough hits] 11257 1397 1390 0015 0479 0007 0ess 1585 1391 0000
csc7 Not unusual (enough hits) 11312 1381 1382 0015 0083 0001 1050 183 1383 0000
crce Not unusual (nough hits) 8070 1384 1377 0017 0436 0007 1096 157 1378 0000
cace Not unusual (enough hits) 8070 1383 1377 0017 0332 D006 1095 157 137 0000
c10cs Not unusual (enough hits] 11257 1397 139 0015 0457 0007 0898 1585 1391 0000
N2 N1 Not unusual (enough hits) 1980 1307 1375 0017 1281 002 1200 1482 1376 0000
a2 Not unusual (enough hits) 1895 1355 1351 D011 0328 D004 1239 1439 1350 0000
cen3 Not unusual (enough hits) 7506 1471 1467 002 0183 0004 1257 1830 1460 0000
o1c2 Not unusual (enough hits) 7651 1228 1228 0017 0051 0001 1004 1383 128 0000
02 N3 Not unusual (enough hits) 8330 1228 1220 0020 0431 0008 0837 1430 1222 0000
03N3 Not unusual (enough hits) 8530 1226 1220 0020 0308 0005 0887 1410 122 0000
cist Net unusual (enough hits) 57 1755 175 0012 0341 0004 176 17 1757 0000
cis2 Not unusual (enough hits) 57 1766 175% 0012 0564 0007 1736 170 1757 0000
sl Not unusual (enough hits) 659 1819 1805 D027 0520 D04 1603 199 1808 0000
cas2 Not unusual (encugh hits) 659 1812 1805 0027 0256 0007 1603 1920 1808 0000
cloco Not unusual (enough hits) 11312 1391 138 0015 0588 0009 1050 1623 1383 0000

v angle v

< >
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Using Full Interaction Maps to assess intermolecular interaction
geometry

The stability of a given crystal structure is a balance between the intramolecular
conformation and the intermolecular packing of the molecules in the crystalline
state. One method for understanding the relative stability of crystal structures is
to compare the observed intermolecular interactions with preferred geometries
for that type of interaction.

In this example, you will see how FIMs corelates with HBP findings for N’-(1,3-
dithiolan-2-ylidene)-4-nitrobenzohydrazide  polymorphs. How do the
interactions in each polymorph compare with what is expected and observed
from HBP? You will learn how to produce Full Interaction Maps for a given
structure and how to interpret these maps.

NO,

N—~NH

23. Close all the Molecular Geometry Check related dialogues. With DEDMUX
(Form 1) loaded in Mercury, click on CSD-Materials menu and then select Full
Interaction Maps... from the dropdown menu.

24. In the Full Interaction Maps dialogue box, you will see several options. On
the left you will find options to change the display contour levels. On the
right, you will see a list of functional groups to be used as probes. For the
purposes of this tutorial, we will keep the default options. These typically
work well for most situations, but if you know you are looking for a specific
functional group, or if you want to change the look of the map, you will want
to change these settings. Click the Calculate Maps button to start.

25. The generated map will now be displayed in the main Mercury window.
Notice the three different colors in the map. Red regions of the map denote
areas in which there is a high probability of locating a hydrogen bond
acceptor. Blue regions denote hydrogen bond donors, and brown regions
indicate hydrophobic preferences

26. Now we want to see how the overall packing of this polymorph fits with the
Full Interaction Map we have generated. Tick the box for H-bond in the
Display Options toolbar.

@ ‘L:unchDasH

CSD-Materials ~ CSD-Discovery  CSI

CSD-Materials Wizard...

Search 4
Calculations 4
Polyrmorph Assessment 4
Co-Crystal Design 4
Full Interaction Maps... h
Hydrate Analyser...

Solvate Analyser...

Conformer Generation...

&

o

2
V(ﬁ}r\

7 -4

-

24

Oruu Interaction Maps

Options  Maps  Hotspots

Map Contour Levels

Display second contol

Hotspots

[ Generate hotspots in the map

Log Files

Display first contour with initial level of

e

Display third contour with initial

Probe Colour @
[ Alcohol Gxygen
Carbonyl Oxygen
[] Water Oxygen

Uncharged NH Nitrogen [  NRNRMBEN
[ Charged NH Nitrogen

[ Oxygen Atom -
[] Methyl Carbon

] RMH3 Nitrogen
Aromatic CH Carbon [

Calculate Maps| Qlear Maps & Hotspots| | Load Maps... | Save Maps. Close

26

Display Options
Display
[ Packing
|:| Asymmetric Unit
|:| Auto centre

Reset

H-Bond

[1 Short Contact = (sum of wdW radii)

Default definition
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27.

28.

29.

30.

15

Use a D-H...A angle of 120° to define the hydrogen bond criteria. To ensure

27

this is the case double click the H-bond line to launch the Define H-bonds
dialogue box. Then tick the box for “Require hydrogen atoms to be present”.
Click OK to apply the change.

Now you will see dashed red lines in the Mercury window that indicate
where hydrogen bonding interactions/contacts are present.

Click on these contacts to generate nearby molecules. You will see that in
each case, the interaction falls within the contour range for the expected
type. This indicates that the packing of Form | satisfies the expected
interaction landscape of this conformation of sulfathiazole.

Now let’s look at the Form Il polymorph. In the Structure Navigator toolbar,
type DEDMUXO02. Click the Reset button in the Display Options toolbar to
remove all the hydrogen bonding interactions.

30

0 DEDMUK0Z (P21/c) - CSD-Enterprise
File Edit Selection

Picking Mode: | Pick Atoms
Style: |Ball and Stick ¥ Colour: | by Element

1| animate...

Display Options
Display

Display  Calculate

Default view: b v

@ Define Hrbonds X

Select optians and dick OK or Apply when dane

Require hydrogen atom to be present. l

DH...Aangle 3= \uu.u %] degrees
Doner atom types: Acceptor atom types:
~ [ all donars | [» O all acceptors ~
~ [ nitrogen ~ [ nitrogen
metal bound N metal bound N
imine N terminal N (cyano, etc)
aromatic (6-ring) N aromatic (6-ring) N
amide or thioamide N other 2-coordinate N
planar N [ 3-coordinate N
pyramidal N unclassified N
ammonium N (NH4+, RNH3+ ... ~ [ oxygen
unclassified N metal bound O
v [ oxygen v carboxylate O v

WARNING: atom types may not be dassified properly for non-Cambridge Structural Database structures
Contact distance range

O Actual distance. @) VW distance

Minimum = sum of vdW radii minus + | [5.00

][4

Maximum = sum of vdW radi plus  ~ | [0.00

Intermolecular
Intramolecular: Danor and Acceptor separated by > bonds

Default Cancel

Apply

C5D-Community  CSD-Systemn CSD-Materials  CSD-Discovery 5D Python API
¥ | Clear Measurements @ p Q} [ show Labels for |4ll atoms

- Manage Styles...

Help
with | Atom Label

¥ | - Select by SMARTS:|[c]

L

Publication = | : Atom selections:

a b c a* b* c*

x- x+ y- y+ z- z+ x990 x+490 y-90 vy+90 z-80 z+80

Structure Navigator J x

<DEDMU>(DZ i Find
Crystal Structures R

DEDMUX02
DEDMAB
DEDMNAC
DEDMNAD
DEDMEF
DEDMEFO1
DEDMEG
DEDMI)
DEDMIK

Options
== E

[ packing
[1 Asymmetric Unit

[] short Contact
[ H-Bond

Show hydrogens  [] Depth cue
[] z-Clipping

Stereo

< {sum of vdW radii) Contacts...

Tree View
Default definition

[] show cell axes
[ Label atoms

More Info =

[1 Multiple Structures
Powder...

Structures. ..

O .ﬁuI .-u e

Press the left mouse button and move the mouse to rotate the structure
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31. In the Full Interaction Maps dialogue box click Calculate Maps again (see
step 24). You should now have a Full Interaction Map surrounding the
molecule. Following steps 26-28 above, turn on the hydrogen bonding
interactions

32. Click to expand the interaction around N1. Notice that one of the three
interactions falls well outside the predicted region for a hydrogen bond
acceptor. This suggests that this interaction has a non-ideal geometry and is
likely to be significantly less stabilizing that the interactions in Form I.

In conclusion, the observed polymorphs of N’-(1,3-dithiolan-2-ylidene)-4-
nitrobenzohydrazide exhibit different H-bonding interactions as well as
noticeably different molecular geometry. We can use knowledge-based
approaches to compare the observed intermolecular interactions in two
polymorphs with the preferred geometries for these interaction types. Full
Interaction Maps indicate that Form | has interactions which are near to ideal,
whereas Form IIl has non-ideal interactions. This agrees with the HBP and
molecular geometry assessment findings.

31

32
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Next Steps

The last part of this workshop showed complementary methods to HBP to
perform a polymorph risk assessment analysis. To learn more about these
methods, you can try the Mogul workshop (available in the CSD-Core workshop
area on our website) and the Full Interaction Maps workshop (available in the
CSD-Materials workshop area on our website).

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

materials/

Feedback

We hope this workshop improved your understanding of the Solvate Analyser and
you found it useful for your work. As we aim at continuously improving our
training materials, we would love to hear your feedback. Click on this link to a
survey (link also available from workshops webpage), 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 MAT-001. Thank you!


https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/csd-system-workshops/
https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/csd-system-workshops/
https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/csd-materials-workshops/
https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/
https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/
https://www.surveymonkey.co.uk/r/CCDC-Online-Workshop

