JL TS

Introduction to the CSD-Enterprise Suite

Cambridge Crystallographic Data Centre (CCDC)
June 5t 2018

1
www.ccdc.cam.ac.uk



CC X
The Cambridge Crystallographic Data Centre

rcnive or crystal structure data

A database of organic and metal-organic High quality scientific database

crystal structures Scientific Software Provider

Search/analysis/visualisation tools

Established in 1965 S o
Scientific applications

Collaborative Research Organisation

~60 staff New methodologies
Data curators Fundamental research
Software developers
Applications scientists Education and Outreach

Dedicated to the advancement of chemistry and crystallography for the public benefit through
providing high quality information services and software.
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CC X

From Data to Knowledge

Experimental Data

_diffrn_ssbient_tesperature 30621

C,oH (N*, C1-

Taiffrn_reflna_nusber ses2

loop_
atom_site_type_symbal
atom

sccupancy
atom_site_symmetry maltiplicity
assesbly

atom,
L C11 0.23388(8) 0.72305(3) 0.5S674(€) 0.02213(16)

amid. 11 .
N NI 0.B031(8) 0.6811(3) 0.S363(2) 0.01720) Dani d U 11 .
CCL 0.6836(4) 0.7867(6) 0.4357(2) 0.0324(6) Dani 4 U 11 .
C €2 0.7620(6) 0.8932(5) 0.7083(3) 0.0ZE6CH) Tan € U 1 1 .
C €3 0.740914) 0.6944(4) 0.6644(3) 0.0187(5) Cani d U 1 1 .
C G4 0.8700(4) 0.5657 (%) 0.7481(3) 0.0286(6) Usni d U1 1 . .
MIYGUT - (+).Methamphetamine hydrochionde o
Spacegroup. P21, Cell a7.1022(11)A b 7.2049{11)A ¢ 10.8121(17)A, 090" organic compounds
BIT2934) ¥y 0°
[ — Baw calecsion
per———————
et b Structure Reports ashee APEX COD scaditccior %
» o s 30 viewer Online o ) z
O —— :
Ll s (SADARS, Bruikes, 3) x
T w0 T_ w Tl
H
z 5 i 1 o
Redeter of {+) Hefincaem
[ mine hydrochloride at 90 K FES s Dl = UL A
- PR a
i
] Strick Hakey, Wayne Ouellette, jon Zubieta and Timothy 270 sefection a
EE - 3 Erentnsia "
ot ey, Sy Usiersty, Syracune, P Ve 15184, L5
ey ——
s Table 1
scmiond 20 Masch 3008, sceeped 13 Al 2008 Hyroges-hand geameary (A,
) o
TR, it
o (T2t 0,111 s et i = 150 N wmeg 2ud
° - ! 5 0 SICHIE O wmgy  am
s/ i o s S|

[
Gk o (Bt bars; okt o (e)sect s onoe

The fitle crystal sructure (systematic name: Nemethylle
" Data collectionr SWART (Bruker, |
{Bruker, M) data rechuction: SAIY

o =T

Structural Knowledge



CC X

Crystal structure databases

e Cambridge Structural Database

— organic and metal-organic compounds
CCHC

— >900,000 structures Earibricge Crebeho
— Established in 1965

e |norganic Crystal Structure Database

— inorganic compounds (ﬂ.\ﬂz KARLSRUHE

— >185,000 structures NST

— Established in 1978

e Protein Data Bank

W O R LD WIDE

— biological macromolecules SPDB
PROTEIN DATA BANK
— >120,000 structures

— Established in 1971




CC X
The Cambridge Structural Database
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2000901 & ’5; >950,000,; | cc ¢ CSD Entry: AHEPUY
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900,000+ small-molecule crystal structures
. Additional CCDC details
Over 80,000 datasets deposited annually
. CCDC Citation I.D.H.Oswald, W.D.5 Motherwel, S.Parsons, C.R Pulham CCDC 200783 Experimental Crystal
Structu res avallable for anyone to download Structure Determination, 2014, DOI: 10.5517/echavp
Synonyms Paracet | morpholine, taminophen morpholne

Links to over 1,000 journals et on Wz

Associated publications

Enriched and annotated by experts

ooo0o00

£ |.D.H.Oswald, W.D.5 Motherwell, S.Parsons, C.R.Pulham, Acta Crystaliographica Section E: Structure Reports Cnline, 2002,
EM S 58, 1290, DOL 10.1107/51600536802018111

Access to data and knowledge




What’s in the CSD?

Organic
Organic Metal-Organic * Drugs
43% 57% Agrochemicals
At least one transition metal, P|gme nts
lanthanide, actinide or any of Al, Ga,

In, TI, Ge, Sn, Pb, Sb, Bi, Po Explosives
Protein ligands

Not Polymeric

Metal-Organic
89%

* Metal Organic Frameworks

* Models for new catalysts

* Porous frameworks for gas storage
* Fundamental chemical bonding

O
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Single Multi
Component Component
56% 44%




CC X

What other data is in the CSD?

e 9,959 polymorphic families
e 165,617 melting points

e 747,577 crystal colours

e 614,544 crystal shapes

e 21,939 bioactivity details

e 9 727 natural source data

e 46,238 entries classified

e > 250,000 oxidation states

— Including 240,666 transition metal oxidation states

v



Top 200 small molecule drugs
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Accessing drugs and ligands in the CSD

CC D¢

Your query was: CCDC ientifer(s): TOBBOB and the search retured 1 record.

Results TOBBOB - 2-Difuoromethoxy-1,1,1 2 tetraforoethane.

& Refcode  CCDC Number
]

ToBEOB 150718

30 viewer

Style Labels  Packing Measure
Gailana Sick v (Nalabels v [None _v) Nore v

Additional CCDC details
cCDC Number 150718

ceo citation ViSchurg, M.J

CSD Entry: TOBBOB

Space Group: P21, Cell: 3 4 5497(8)Ab 7.9368(18)A 7. 6275(1)A, 0 90° § 92 510(13)" y 90°

Chemical diagram

© View group symbols key

DO 10,5517/cc5 1w

Synonyms (+}Desturane,

1507 014,

Deposited on 0911012000

RCSBPDB  Deposit ~ ~ Visualize ~ Analyze ~ Download +

S An Informaton Poralto
== 130365 Biological
FROTEIN DATA BANK Macromolecular Structures

[0 P

or, macromolecule, sequence, of ligi H

iowuse by Annotations.

Rotate || Hydrogens || Labels

Chemical Component Summary

Name (25)-2-{difluoromethoxy)-1,1.1.2-tetrafluoroethane
Identifiers 11
Formula C3HyFg0

Molecular Weight  168.04 g/mol

Type NON-POLYMER

Isomeric SMILES  FC(F)O[C@@HI(FIC(F)(F)F

inchi INChI=1S/CaH2F60/c4-1(3(7.8)9)10-2(5)6/M1-2HA1-/m1/s1
Inchikey DPYMFVXJLLWWEU-PVQICKRUSA-N

DSF

(2S)-2-(difluoromethoxy)-1,1,1,2-
tetrafluoroethane

DSF is found in 1 entry.

DSF as free ligands, exist in 1entry. Example
includes 3PAW.

Find related ligands: Stereoisomers Similar
ligands Chemical Structure Search

View summary at Ligand Expo

Chemical Details

Formal Charge 0
Atom Count 12
Chiral Atom Count 1
Chiral Atoms cAl
Bond Count "
Aromatic Bond Count 0
Leaving Atoms nia

8

3p4w > DSF

Protein Data Bank in Europe

Bringing Structure to Biology

(28)-2-(difluoromethoxy)-1,1,1,2-tetrafluoroethane

SMILES:

OpenEye OEToolkits (1.7.0):
[C@HI(C(FRR(OCARNF

Formula: C Hz Fe O

Molecular weight: 168 Da

DSF 319 bound to chain A ¥ |

Environment details

The 255(A)

oA

Eranpies: hamegiotin, BRCAI HUVAN

Quick links

# 3paw overview

S o Citations
3 & Function and Biology
L & Ligands and

& Experiments and
Validation

& Downloads

EBI resources (DSF)

© DSF in PDBeChem
, Binding site details
%, Interaction statistics

CC X

Refcode: TOEEOB

Formula: C3H;Fe O

Name: 2-Di 1,1,1,2-tetra

ynonym: (+}-D
CCDC Class:
Source:
g Point: 147K
Colour: colorless

+ PDB Chemical C code: DSF; DrugBank: DB01189

Mel

Extra gpeoiute configurat i ic activity
Information:

@RUGBANK  Browse~  Search~ ' Downloads  About~  Help~  ContactUs
R - |

ID | Pharmacology | Interactions | References | Trials | Economics | Properties | Spectra | Taonomy

]

how Drugs with Si

r Structures

Get DrugBank to go!

Signupto get early access
The DrugBank app for i0S and Android is coming soon. Uyt ey

Desflurane

Accession Number | DB01189 (APRD00907)

Type Small Molecule

Groups Approved

Description Desflurane is a highly fluori ethyl ether used for mai general
Volatile agents such as desflurane may activate GABA channels and hyperpolarize cell membranes,
Inaddition, they may inhibit certain calcium channels and release of

neurotransmitters and inhibit glutamate channels. Volatile anesthetics easily partition into cellular
membranes and could expand the volume of the cell membrane and subsequently distort channels
necessary for sodium i d the of action potential

for synaptic
against ischemia through activation of
mitochendrial K(ATP) channels, adenosine At receptor, and alpha and beta adrenoceptors.

Structure
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Metal-Organic Frameworks

* Two CSD subsets identifying all metal-organic  [H | {ikfEris
frameworks within the database

Development of a Cambridge Structural Database Subset: A
Collection of Metal-Organic Frameworks for Past, Present, and

1. MOF list >75,000 entries intended to be as s

Peyman Z. Mughadam."%ée Aurelia Li.,m Seth B. Wiggjnljl‘l Andi 'I':m,T Andrew G. P. Mal(mcy,i
Peter A. Wood,”” Suzanna C. \l’\far{i,I and David l:airen-_]in'lﬂ'lr'z*‘‘Jr

widely-applicable as possible Kol @ sl lp R Bt e g e Foncs

Cambridge, Pembroke Street, Cambridge CB2 3RA, United Kingdom
#T'he Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 162, United Kingdom

2. Non-disordered list >61,000 entries for high- L ——

ABSTRACT: We report the generation and characterization of the most
. complete collection of metal—organic f ks (MOFs) d and
throughput calculations SRR T T
(CCDC). To set up this subset, we asked the question "what is a MOF?” and
implemented a number of “look-for-MOF” critetia embedded within a bespoke
Cambridge Structural Datasbase (CSD) Python API workflow to ideatify and 5. ¢ ¥
extract information on 69666 MOF materials. The CSD MOF subset is =M [L.55570%, N
updated regularly with subsequent MOF additions to the CSD, bringing a  5:diSCOVET V% CT ﬁ"' O
- o S u Se S u p a e q u a r e r y unique record for all rescarchers working in the area of porous materials "~ CLUFatet: ol ey |
around the world, whether to perdorm high-throughput computational
screening for materials discovery or to have a global view over the existing structures in a single resource. Using this resource,

we then developed and used an array of computational toels to remove residual solvent molecules from the framework pores of
all the MOFs identified and went on to analyze ical and physical properties of dered

e Python script available to download

W INTRODUCTION sizes (from micro- to mesoporosity), pore geometries, high
Ml biaic. Eameninds (MOBSY ™ arv'ie o aismadt 70 factions, atd Mge surfuce aras MOFs canl seach

5 ; apparent surface areas as high as 10 000 m*/g vs ca. 1000 m’/g
exciting recent advances in porous materials science. MOFs are for zeolites and up to 3500 m*/g for activated s, and

crystalline materials containing metal clusters connected by fheir large pore volumes have been unsurpassed by any other
organic linkers (Figure 1, inset) and are characterized by their porous material to date. These unique properties have paved
wide range of well-defined and, in principle, tailorable pore  the way for MOF research to grow substantially, and

@ cCcDCC —tio polications rk heltg oot m‘]u{ i m:”n b ing gas
L onQuest (1) : search4 [Search] P o srparipon,” nlpuy ol eten cp-
) ) ) ) ma000 e ::L:vgq,"‘?: ;:dm:s omole encapsulation, g
File Edit Options View Databases Results Help § mow | -~ e Becansc-f the mdnlr watie o MOE, s shmost inlisied
e ————— 3 i £ oo : number of structures can be envisioned. The Cambridge
€5 i i “ 2 woom ] Crystallographic Data Centre (CCDC) collates and curates the
~ Build M\ d Entries in CSD version 559 (November 2016) ults g e Cambridge Structural Database (CSD)—the world's repository
— . - £ wmom of small molecule erystal stractures, which includes small
Lists in CSD version 5.38 (November 2016) Best low temperature list \ - organics as well as MOFs and other porous materials™' As
% shown in Figure 1, the number of entrics in the CSD has
All I Emm. o substantially increased over the last 44 years, reaching a
ﬁ Available Databases... Best hydrogens list 1o _f'ff""’"“»”n'f-{n"_ffi_n““||lm milestone of 850000+ entries in 2016. Among these, the
’ - — { i ettt number of MOFs has also increased dramatically in the past
Bestroomtemperaturellst | a§5=§§!—!iii§ii§§§§§ii§5§§ decade to an estimated number of ca. 70 000 materials, vide
| | = iy . infra. This trend is only going to increase even further as the
Chemical w
° Fiy . Growth of the CSD and MOF entries since 2. The ins N
b Best R factor list s the MOF st sy procees o toabbng Hocker el S F"““':';«mz‘:}f
red res) and ic ligands (blue ). i ciand

L Gy Non-disordered MOF subset () s s (s Publabed. Mach 14, 2017

W : o ACS Publications ~ © 207 American Chemical Society 2618 008101021 chemmam nnes ).

The Development of a Cambridge Structural Database Subset: A Collection of Metal-Organic Frameworks for Past, Present and Future. P. Z. Moghadam, A. Li,

S. B. Wiggin, A. Tao, A. G. P. Maloney, P. A. Wood, S. C. Ward, D. Fairen-Jimenez, Chem. Mater., 2017, 29 2618-2625 DOI: 10.1021/acs.chemmater.7b00441



CC X
CSD-Community

e CSD-Community provides a selection of products and services free of
charge for the benefit of the scientific community

e This includes:

enClFer Mercury
CIF checking, editing and visualisation software from the CCDC \ Crystal Structure Visualisation and Exploration Made Easy

CSD Educational Collection
Free 500 structure subset of the CSD for teaching purposes

A command-line tool for performing crystal structure reduced
cell checks against the CSD

The most complete collation of observed molecular and
crystallographic symmetry properties to date

Access Structures

View and retrieve structures in the Cambridge Structural
Database

Deposit Structures

Upload your data to the CCDC for inclusion in the Cambridge
Structural Database

L

Relibase

Easy Searching for Protein-Ligand Complexes
g CSDSymmetry g CellCheckCSD
-

U



Deposit Structures
. Upload your data to the CCDC
° for inclusion in the Cambridge
CSD-Deposit —
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CIF deposition and validation service

No Structure Factor Data have been uploaded.

Structure Factor Data are an essential part of the deposition. You should dlick ‘Go Back to add Structure Factor Data to your deposition. If in
exceptional circumstances you are unable to indlude Structure Factor data with your deposition you may continue by dicking ‘Proceed to Next
Step.

® Retrieve Deposited File
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Authors @ Jobn Smith, David Brown
dourmal Nama @ Eutd Inong Cherm
Valume @
Yoar il
Fage @

Additonal Informarion
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If you do not intend to publish the data in the scientific literature and would like to share the data immediately
through the Cambridge Structural Database then please click the ‘CSD Communication’ button below.
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CC X

Increasing deposition functionality

e A deposition portal launched December 1%t 2016

— Ability to log on and view and retrieve depositions
& Suzanna Ward «

— Deposit and revise data
Profile

— Edit and update basic information Ny Structures

— Publish data directly through a database Deposit
— Share data with co-workers
) = Sign Out
e QOver 15,000 registered users
Your deposited data is now just a click away ccac -

CIF deposition and validation service

procsss withous signing in
account before you can register using the button below. To find out more about CCDC accounts and what you are abée to do once you have
logged in, please see cur

Sign in with your CCDC account

Username
My Structures
= - Password
— Remembor me?
- gy e i = — =
prepen O PO o - ] Regrster Forgoten Your User Name?
vy R oo f e s = : Forgotten Your Password?




My Structure Details

Datablock: tBu10kbar

Space Group: 12/a, Cell: 3 14.811A b 6.456A ¢ 19.759A, a 90° § 94.060(8)° y 90°

Formula: C11 H15 N1 02, Temperature: 298 K

Additional CCDC Details
Deposition Number 1584792
Refcode

Compound Name

2-t-butyl-6-[(hydroxyimino)methyljphenol

Deposited On 09/11/2017
Deposited By
Additional Depositors
Status Unpublished
Embargoed Date @ 05/03/2019
Associated Publications
Publication Created on Modified on
Suzanna Ward 09/11/2017 09/11/2017

Add Publication

Structure Shared With

Publishas a CSD g

CC X

# Revise Structure 4= Back to My Structures

Chemical diagram

ais
Halas

& Suzanna Ward «

No Diagram Available
Sl % Reset Settings

Fies s ondr svomon Bl rmn s b oo s omed sren e oo b

EPAGAE : 4-Methylthiophene-2-carboxamide
Space Group: P 1 (2), Cell: a 10.0846(3)A b 10.4718(3)A ¢ 10.9149(3)A, @ 106.7180(10)° B 111.473(2)° y 95.603(2)°

3D viewer

Chemical diagram

\ o,

Name Edit Rights Sharing Rights
JSmol
BSOS E0EEAE
. Style Labels Packing Measure
& E : 825800 data_2007may0... 06/06/2011 Ball and Stick ¥ || No Labels ¥ | None ¥ [ None v OVIE‘-'-’QTOLID symbols key
o | | sesmeo —
Additional details
. s . o0 v liom b Deposition Number 825792

Export »

Clear selectio

Data Citation

Deposited on

S.L.Huth, M.B.Hursthouse CCDC 825792: Experimental Crystal Structure Determination, 2014,
DOI: 10.5517/ccwq9gb

13/05/2011

14
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CSD Communications

CSD COMMUNICATIONS o Allow data to be published directly

The Carmbridge Crystallographic Data Centre (CCDC) allows you to publish data directly through the
Cambridge Structural Database {CSD) as 2 C5D Communication, Over 5,000 structures were published in ro u g e

this way in 2016 making €S0 Commuhications the number 1 place to publish crystal structures,

What are the benefits of a C5D Communication? a During depOSition
p -~ o After Deposition via My Structures

N ..
>
TS GETTEED 0 23,000 CSD Communications

A citable DO aliows you to Auromatic linking from third- Publish data through the
receive credit for your structures. party repositories depositlon process and portal 20,000

‘% 18,00
“ % / 16,000
D .

Resulting CSD entry curated and Both free to create and Your data made instantly svsilable
enhanced by our scientific editars free to access 1o the world via Access Structures

Free long-term data preservation Your data can be re-used to
In a trusted repository design druga materlals etc

Number of entries

Mests funder data policies

From deposition to access through CSD Communications

Far more Information see https:{wwwiccde carm.acuk/Community/depasitastructure/CSDCommunications)

wwwecdocamacuk UK: +44 1223 336408 US: +1 {B48) 445 4893

e

€3) CHEMUNICATE : .



Deposition guidelines

e Data deposited pre-publication

— Deposition when crystallographer
most engaged

— Enables links to data sets at the
point of publication

Tailored deposition service

Small molecule single crystal data

Authors should present their crystal data in a CIF (Crystallographlc Informatlon Flle) format and

_ . Data will be held in the CCDC's confidential archive until publlcatlon of the ar‘tlcle
when data for organic and organometallic compounds will be entered into the Cambridge Structural Database.
Authors are encouraged to deposit inorganic crystal structures with the |CSD, hosted by FIZ Karlsruhe

. to provide CCDC reference n i | 1 pt (these should
have aIready been deposned W|th the CCDC/ICSD see above) Any rewsed CIFs obtalned subsequently should be
deposited directly with the CCDC before the revised manuscript is submitted to us. CCDC or ICSD numbers should
be included in the manuscript prior to submission. @

CC X

Data

CCDC,
numbes"P

Publication
feed

Enlightened and happy InChi

researchers, educators
Other
resources

and students

Other
software
Knowledge

v
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Data management o

Dashboard: Deposit1 +

Status of Deposits ema Useful Queues. | Status of Deposits [
Avaiting L‘L‘hzsn Usetul queues Awalting DC Intervention - Internal
g‘ : . . :
LT a%is msv " s WeRe > & } :
[@Id hitp:/ferm.cede.camaac.uk/ code/main.aspr® P~ X Al b - - - - -
- - - Avaitin.. : Automatic  Manual Awiaiting ..
File Edit View Favorites Tools Help Stots Resson Queve Stots Resson
x &Comvert + ® Co0 ka6 3 reovies Wyt s w5
i Dy ics CRM File Edit View Inset Action Calculate Help e e
icrosoft Dynamics - ™ | = = = = 1 D060 etres fromthe expecited view
— I,i Uoadal M) O [ Q 02 P P K= &= = [ | st [Wickame - [colour: [by Hement or Suppression ~ | : Pcking Mode: pick Atoms ] Er e e
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G 17e2050-C.. 1274796-DEP 929,192 ced.cif Added tof| |~ S bEOING N
Cell Lengths a8.4750(5) b 10.8530(6) ¢ 11.3600(10) L4
S 1762051-C..  1274796-DEP 929191 dvshsunlivls_mach.cif Added oy | CellAngles @ 64.798(3) p 81.182(2) y 60.185(7) = o
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Discovery and re-use - Assighment of chemistry

Assignment of chemistry is
important for discovery, data re-
use, mining , analysis and
interoperability

loop_

_atom site label

_atom site type symbol
_atom site fract x

_atom site fract vy
_atom site fract =z

_atom site U isc or_ equiv
_=tom_site adp type
_atom site oeccupancy

_atom site symmetry multiplicity
_=tom_site calc flag

_atom site refinement flaga
_atom site discorder_assenbly
_=tom_site_discrder_group

€11 C1 0.5%33(2) 1.0007(7) 0.8131(17) 0.044(3) Uani 0.50 1 4 FDU 2 1
51 5 0.5321(3) 0.8260(6) 0.3322(3) 0.0327(1l1) Uani 0.50 1 d FDU & 1
€2 C 0.5525(4) 0.8802(%) 0.8124(5) 0.025(4) Uani 0.50 1 4 POU 2 1

€3 C 0.5286(7) 0.8174(18) 0.7440(7) 0.031(4) Uani 0.50 1 4 PDU A 1
H3A H 0.5350 0.8343 0.8771 0.037 Uisc 0.50 1 cale PR A 1

€4 C 0.43184¢8) 0.7220(1%) 0.7783(8) 0.027(4) Uani 0.50 1 4 PDU A 1

€5 C 0.450046&) 0.7171(14) 0.8773(3) 0.025(4) Uani 0.50 1 4 PDU A 1
€l C1 0.3202(2) 0.4552(%) 1.08530(5) 0.0586(15) Uani 0.50 1 4 FDU A 1
82 5 0.38755(13) 0.&858(5) 0.3578(5) 0.0400{10) Uzni 0.50 1 4 PDU 2 1

P(B|A) P(A)
P(B)

cl

Sandwich-type Inorganic-Organic Hybrid Solids of
Iso-polyvanadate Clusters and Decamethylcucurbit[5] %E(Y)%j%\]ﬁ

uril
Li-Wei Han, Jing-Xiang Lin, Qi Yin, Bahar Karadeniz, Hong-Fang &[)ESIGN

Li, Jian Li, and Rong Cao
Publication Date (Web): January 15, 2016 (Article)
DOI: 10.1021/acs.cgd.5b01176

Accession Codes

CCDC: 1032491
CCDC: 1032492
CCDC: 1032493

NAJY1J  tetrakis(ammonium) bis(decamethylcucurbit{5juril) bis(p-hydroxy)-octa(oxe)-octadeca(p-oxido)-deca-vanadium octadecahydrate

Space Group: P-1, Cell: a 14.9979(6)A b 16.5740(11)A ¢ 16 6113(8)A, « 63 456(6)° £ 71 TT2(4Y y 66 779(5)°

3D viewer Chemical diagram

0
\{r,O 0
HO{—‘-‘V\! &
ol Jow [GCAIRY;
o o=Sy—{5ot—v=o0
N M-y 7 / /
01‘-‘{1" T N ”;fo HO 4% |
% o
il M eny ALY
wes® Gicn, RS /‘{—D
% ;
W e 0&7\#—\1—0
ol A Ot
oo
o

T e L o)

Style Labels Packing Measure

B2t and Stick RARTIE v |[None v |[None v View group symbols key
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Enrichment and curation
2D chemical diagrams:

Generated from existing curated CSD entries,
CCDC diagram generation software, integrated
third party software, manual curation

Classes:

ARACEB : (2)-(1,4-bis(2-(3,5-
Dicarboxyphenyl)vinyl)benzene)-
(alpha-cyclodextrin)-rotaxane

dodecahydrate

Compound names: ,.;/1aps

Based on IUPAC conventions using
ACDname and manual curation

ACD/ChemSketch - [nonamel1.sk2] = O .5
File Edit Pages Tools Templates Options Documents Add-Ons ACD/Labs Help

smowee 0w A ASESE 9 - 9 EEB A A
@ g O SLN /& /8 TC A& + /0B

0 30 a0 50 60 70 80 80 100 110 120 13 _
b Rl OV A R oy ST B T TP FLTE AL SV vt PO PR Vot el PR T P UV e O Rerat]
2 ~
Bl g Rl
30 5888
i ©
= o
H |
N 50—5 O
3 e
i I _IUPAC
:

|  NOMENCLATURE OF
N ORGANIC CHEMISTRY
80 3 k: Sections A B.C.D.E FandH

1979 Edition

T A
=

#| 1.
I ]
/ACDILabs RS Feed: Sep 9 00:00 ACD/Labs Announce,
NOMAMEO1,SK2  Modified 471 Page 11 (1¢ Fragmet
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Annual targeted database improvements @ python

e Greater efficiency allows targeted improvements to further
increase integrity, consistency, discoverability and usage of data

o

— 50,000 existing entries improved in 2015
Targeted

improvements to
drug subset

— 74,000 existing entries improved in 2016
— 62,00 existing entries improved in 2017

Study Temperature Targeted improvements Ensure consistency of early
relative to Melting Point to metal-organics CSD entries
% 20000 900
Predominately due to MP 18000 - Add Oxidation Dsuoi ’
reported in in °C not K. 16000 | state values 2 I
o 14000 -1 to CSD entries £ ||
‘ 12000 £ II
10000 250 !
8000 G400k - W I|I
6000 ;mok .|'
4000 - gz‘“’k .
2000 = 100k
. 0 e L L R e L O smua
i Bl LE >S5 < 353 R ESR S I




CC X

Accessing data CC OC CSD Entry: AHEPUY
CC X

. A n y‘ Your query was: Compound name:. paraceiamol and the search returned more than 30 records. Back o Search Lzt m

Your guery was: Compound Results AHEPUY - N-(4-Hydroxyphenyl)acetamide morpholine

( c g e Numbor Space Group: P-1, Cell: 2 8.710(4)A b 3.920(5)A ¢ 12.385(5)A, o 102.35(3)° 5 108.33(2)° y 96.63(3)°
& AHEPUY 200783
¥ AMUBAM 803736 AL aiiniabiisisinie
Entry searct # COKGEL 583518
@ COTZAN 735836
Welcome to # COTZANOT 735839
Please use @ AHEPUY # COTZANOZ 735844

containing & i ¥ COTZANO3 735847

# COTZAMDS 735850 /iy
-
# COTZAMOS 735833 b -
CCDC ider
¥ CUQKAC 1412589 e
MeCO”
@ MR AR # CUZVEA 1438911
Compour AMUBAM
_ % HUMJEE 202320
#  HXACAN 1178858
Style Labels Packing Measure
W HRACAND 1175859 Baliand Sick ¥ || Nal ¥ ||None ¥ || Nons v 3
@ View group symbols key
# HXACANOG2 1178860
@ i B TEAOANmE  Trenem) Additional CCDC detais
HXACAND4 129925
" = cCOC Number 200733
W RXACANDS  TATHRAS CCOC Citation 1.0 H. Oswald, W.D.S Motherwel, S.Parsons, C.R Pulham CCDC 200783 Experimental Crystal
#  HXACANGE 1178863 Structure Determination, 2014, DOL 105517 /ceBguwp
Publicatior - : -
@ HXACANOT 135451 Synonyms Paracetamel morpholing, Acetaminophen morpholine
Deposited on 181272002
¢ HXACANDS 135452
C COTZAN ¥ HXACANOS 144374

Download deposited CIF

I, S.Parsons, C.R.Pulham, Acts Crystaliographics Section E Structurs Reports Onling, 2002,
Downiload ~ 36802018111
() Deposited CIF(s}
» Deposited CIF(s) without structure factor data
@ Deposited file(s) with any available structure factor
data and checkCIF reports included



The CCDC Portfolio 2017-2018

e Alongside the CSD, we produce a suite of software
enabling research across the whole breadth of
structural science

[ CSD-Enterprise

/ CSD-Discovery \ / CSD-System \ / CSD-Materials \




CSD-System

~, ConQuest: Advanced
\ 3D searching

s

3D Options Help

Clck and drag (o create a bond.
W Drag o an exsing ator to make & cornection,

=1 30 Parameters:
DisT1 &=
[ANG2

DRAW.
EDIT
ERASE =
ADD 3D opiors.._|
CONTACT Delete

| contacts:
ConozAe 4|

.,/\ Optons.

|0

Delele
GO
Finghaker
= Vlo|  Seach
store

remo, | 16100 ] s| e | F ol any|More..| crous

Cancel

WebCSD: On-line portal to the
CSD

€ ¢ WebCSD

Simple Saarch  Swieturs Search  Linit Cell Search

0CDC 5o

Chemical stucture Ssarching

Please deaw your agram of add a SARTS stiing in the “advanced section beiaw

BRI REEE Jolojelale

|e
I Resuts
}@ & Databass Deposition
[ identifier  Mumber
G O ©  AUHIO 1459085
[a O 2L ANBUD 839579
& 839980
[¥ 5 688078
ii‘- b b 1024208
| p o mamem
|+ R \ 1082427
e 1052428
5 " 983930
Match condition: &+ Exadl # Substructore © Similarity g

CC X

Mercury: Visualisation
\ & data analysis

Ele fes Mouse Display Selection

Mogul: Molecular
geometry analysis

-

Crystal Structures  Spacegro ~
ABIQUY P2
sz cye 8]
Mogul search - Bond angle

180

2.6003°¥

-~ 2.400
% 2.200
o 2

1.800

CSD Python API: Custom
search and analysis ﬁ

impoxt sys

from codc import conformer
from cede import io

args = parser.parse_args()

mol reader = io.MoleculeReader(args.inmolfn)
engine = conformer.GeometryAnalyser()

molecules = []

min_unusual_torsions = sys.maxint

for (idx, molecule) inm enumerate (mol_reader) :
molecule.standardise aromatic bonds()
molecule. standardise_delocalised bonds ()

—_— T

100 120 140 160
ANG2

gecmetry analysed molecule = engine.analyse molecule(molecule)

Nurmber of hits

60 >

000105 10 15t 125 130 13 140
Bond angle

IsoStar: Molecular
interaction analysis

python

molecule.unusual torsions =

t for t in geometry analysed molecule. analysed torsions

if t.unusual and t.enough hits]

num unusual _torsions = len(molecule.unusual torsions)

molecnle.num unusual_torsions = num unusual_torsions .

molecules.append (molecule)

4f num_unusual_torsions < min unusual torsions:
min unusual torsions = num unusual torsions
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New WebCSD launched in 2017

WebCSD

)
e Unit cell search i st T
Unit C ing

e 2D structure search
— exact

— substructure P

(=]
=]
[>] B eg 900
L=}

WebCSD

imple Search Structure Search Unit Cell Search

.
— similarity T et

@ draw your d moradda

i
HE

e Additional text/numeric
searches

T T
= | v ‘@‘ZH(HE 3
e = ]

e Display of full CSD entry : ’ i D
ol

iagra SMARTS string in the "advan section beloy
vizledilela)al=]-Jelole)ale]

ced'

CONC




CC X

WebCSD - More information visible to users

ZOYBIA © bis(4-Hydrowy-3-methoxybenzeic acid} 1, 3-dimethyl-3, T-dihydro-1H-purine-2 6-dione
Space Group: P21/c, Cell: & 11.2741(6)A b 15.7742{10)A c 13.3746(8)A, 0 90.00° 5 90.572(2)" v 90.00°

3D viewer Chemical diagram

o

[l i

Style Labels

Packing Measure
¥ (Nane W

Bafiand S6cx W | [Nolabeis W | [None

O view group symbols key

Additional CCDC details

CCDC Number 1022107

CCDC Citation &yesha Jacobs, Francoise M, Amoembo Nea CCDC 1022107: Expenmental Crystal Structure
Dretermination, 2014, DOL: 10.5517/cc139166

Synonyms bis{Vanillic acid} theophylline

Deposited on 30082014

Associated publications

@ fyesha Jacobs, Francoise M. Amombe Nea, CrystEngComm, 2015, 17, 98, DOL: 10.1032/C4CED1 7954

Chemical details

Formula

Crystal details

Space group

Unit cell

Reduced cell

A o
Habit

Recrystallisation solvent
Disorder

Caolour

Experimental details
R-factor (%)
Temperature (K)
Density (CCDC)

2{C8 HE O4}CT HE N4 02

P21ie

a 11.2741(61 b 15771201008 ¢ 13.3746(8)4
@ 90.00° § 90.572i2F y 90.00°

a11.27414 b 13.37464 ¢ 1577124
@ 90.0000° 8 90.0000° y 90.5720°

4.00, 1.00

rectangle

vater

CTA048 and C9A, 054 disorderad over two stes with cccupancies 0.812:0.188.

coloress

47
173.00
1.44257
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CC X

Questions \Q)

e s my molecule, or something like it, in the CSD?
e Are there any structures of aspirin in the CSD?

e What values are seen for this type of torsion angle?

What is the typical intermolecular contact distance between these two
groups?

— Use ConQuest (CSD-System)

‘Chck ‘

New software for searching the Cambridge Structural Database and visualising crystal structures
. J. Bruno, et al., Acta Cryst., (2002), B58, 389-397, DOI:




9 Draw (1) - New - oiEN X

File Edit Atoms Bonds 3D Options Help

53 Click and drag fo create a bond. _ * 3D Parameters:
5 Drag to an existin, make 3 connection. 7
CO“QUESt pia om—
| oraw
EOIT
CSD-System = :
ADD3D Options...
CONTACT T Delee |
Contacts:
Options.
Delete
Q@ CCDC ConQuest (1) : search1 [Search]
File Edit Options ViewDatabases Results Help
®e
Delete RingMaker
£ @ CCDC ConQuest (1) : search? [Search] - o IES
Authoriyoumal J * File Edit Options View Databases Results Help
/ slofn]sle]
NameIClass I - [c nl|o|n|s|e View Resuit
use this
Fimnts query? . bt Refcode: AHASOT €S0 version 5.37 updates (Nov 201
Formula ¥
Parameters AHATAG
v
Space Group & . |
. 1 AJANAC
Unit Cell Soe | [V AAwAL
- ; AJIHIM
ZiDensity N :AJIKEL
use this Edit.. 7 AJIMAS
Experimental u;nﬂ . 0\\@)/ — L tBu o AJIWIB
¥ AJOBOS
All Text M 7
COOE W AJOCAF
Refcode (entry I))i Ph [ AJOCEJ
v AJOCIN
v AJOCOT
7 AJOPIA
OH |y BUDZEGO1
v BUGVUW
¥ BUGXOS
v BUHCUE
cl v BUINOL
COOEt o B
v BUKTUY
” BULDET
e | tBu W BUNBIX
v BUNCUK
search | Reset I v BUNKEC
3 BUNPAD
v BUNQIM
|y BUPCAS v
<< >>
§ 17583 hits
Muttiple Hits: Show _4[[1 »[|of2 7 Show Parameters
I Show terminal carbons Useas Query...| Detach | Sopseach |

Hitlists can be exported in sdf, mol2, pdb, cif, plus additional formats.




Question

e How can | analyse data produced by ConQuest searches?

— Use Mercury (Data Analysis Module)

\ )

File Options
searché Spreadsheet 1

File Tools Descriptors Display Selection Plots Statistics

ind identifier

Identifier NAME  Query Fregment
searchB[AHASOT|D  AHASOT

1
searchGAHASOT|1  AHASOT 2 2
L) AJANAC (P21/c) - CSD-Enterprise searchBIAHATAGZ  AHATAG 2 1 70
search6|AHINIGI AHINIG 2 1
- . searchB/AJANACI  AJANAC 2 1
Picking pode:: |k Ao ™ | Gear vesswrements | (5 | O T e tabeks far h searchB[AJAWAL|S AJAWAL 2 1 60
Style: [Wreframe  + Colour: by Blement | Menage Styles... Work = Atom selections: - searchGAJAWALIS  AJAWAL 2 2 520
¥ SR searchGIAJAWALT  AJAWAL 2 3 45220
Defauit view: (b >lab e a b* e lx ¥y oyt 2 7+ | x90 x40 y90 yi90 z90 2490 > 41 searchBIAJAWALIS AJAWAL > 50
searchGIAJAWALIS  AJAWAL 2 5 45220
searchBJANHIMITO  AJIHIM 2 1 0
searchSAJHIMITT  AJIHIM 2 2 42050
searchBAIHIMITZ  AJIHIM 2 3
search6AJIKEL|13 AJIKEL 2 1
searchB|AJIKEL|14 AJIKEL 2 2
searchBlAJIKEL|1S AJKEL 2 3 55700

searché Histogram 1

File Descriptors Mouse Display Selection Plots  Statistics

238

Data Analysis

e
Display Options 8 x sunzeaas
Oisplay Optons £5 22
= [¥] Tree view

Packing 7 Short Conta... < Grum of vaW radi) L S D D

Asymmetricunt | [ H-Band Defaul definition rremr Show cell axes Z:lpping [ Muliple Structures

1 Auto centre Label atoms. tere Structures. ..

Ponder...
Reset

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

& x
a Q
Fird next
) Data Analysis - ol
File Options
|searchs Spreadsheet 1
File Tools Descriptors Display Selection Plots Statistics a8
Find identifer Find next
Identifier Query Fragment  DIST1 TOR1
searchB|AHASTT|0 2 1 39780 -70.9520
searchB|AHASOT|1 2 2 62310 178.7080
search6|AHATAG]2 2 1SS0 1662020
searchE[AHINIQIE 2 156440 -1463230
searchBlAJANACIA 2 1 37030
search6|AJAWAL|S 2 1
searchbAJAWAL(E 2 2
search|AJAWALT  AJAWAL 2 3 1151910
searchBAJAWALIE  AJAWAL 2 4 -126.5050
searchGAJAWALID  AJAWAL 2 H 121.0880
searchGAJHIMITO  AJIHIM 2 1 52410
searchGlAIHIMITT  AJIHIM 2 2 1110180
searchGAIHIMIZ  ANIHIM 2 3 -105.8090
searchBlAJIKEL]13 ANKEL 2 1 -41.5040
searchBJAJIKEL|14 AJIKEL 2 2 -38.7090
searchBlAJIKEL[1S AJIKEL 2 355700 122.0500
searché Hstogram 1| searché Heat pot 1
{searché Heat plot 1
File Axes Mouse Display Selection Plots Statistics a
I I I T
I | | |
6 | 1
5.500
= 59
5
4.500
3500 -] I
T T T T T T
-150 100 50 0 100 150
TOR1

- oW

CC X

Q%

& x




Questions

e Whatis the 3D structure of my molecule?

e What are the crystal contacts of my molecule?

e Whatis the crystal packing of

- Use Mercury
(CSD-System)

my molecule?

W THALIDO3 (C2/c) - CSD-Enterprise.
File Edit Selection Display Calculste CSD-Community CSD-System CSD-Materisls CSD-Discovery CSDPython API  Help
Picking Mode: Expand Contacts - &HIOIG Show Labels for with
Style: |Capped Sticks Colour: |by Bement ~ | Manage Styles... [Work ~ | Atom selections: -
Defadtvien: b ~| a b c a® b™ ™| x x+ y y+ 2 oz6 xB0 x490 90 y490 280 2400 | & > & 1

) ] Shart Conta... < (sum of vdW radi) Contacts... ) Show hydragens
AgymmeticUnt |7 HBond  Defoult definition Show cel axes
More Info ~
[ Autocentre Label atoms
Pouder.
Reset

Click on a red contact to see the whole molecule

1 Depth cwe:

2-Cipping

CC X

=] |

Animate.
Structure Navigator 8 x

THALIDOZ Find

Crystal Structures Spacegroup
THALIDOT  P21/e
THALIDO? (¢
THALIDID
THALIDTI
THALIDI2
THALID3
THALFD
THALPDOT P21/n
THALRL P21
THAMCUQ! P21/n
THAMCUOZ P21/
THAMCU10 P,
THAMPSID P21/a
THAMPY  P21/n
THAMAU ~ Cm
THANPT  P2l/e
THAPRU  P3121
THAQGFO P21

THAQFOO1 P*
THAZDN ~ P-1
THAZPN  P-1

THBAMS  P21/c
THEARE  P21/c
THBARBOT P21/c
THBARBDZ P41
THBARBD3 P21/c
THBDAZIO Pbca
THEDEC  Cme21
THBDECD2 F=*

THBDED  F=*
THERME  P-1
TLESMEIA_ Nat o
<< >
| Tree view

Mudtiple Structures

Structures.

Structure Navigator | Searches

10.1107/S0021889807067908
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More about Mercury

Interface to other CCDC

X THALIDO3 (C2/c) - CSD-Enterprise

File Edit Selection Display Calculate CSD-Community | CSD-System | CSD-Materials CSD-Discovery CSD Python APl Help

Picking Made: |Pick Atoms b { @ Launch WebCSD b with

Style: | Capped Stiks + Colour: by Blement v e ConQuest Hit Highlighting...  beon -

Default view: b v|a bca® b = |ix x+ v Bujj e Comones s amie=Tt o

Data Analysis Module...

Mogul Geometry Check...
Lzunch Mogul

Mogul Settings..

IsoStar Interaction Check
Launch IsoStar

IsoStar Settings...

Select Databases...

Display Optons & x
Dilay Options
Fedxy Short Conta... < (sum of velW radii) Contacts... | Show hydragene L | Death cae
AsymmetricUnit |[| H-Bond  Default definition — Showcelaxes [ 2-Cipping
[] Auto centre Label atoms
Powder...
Reset

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

tools

")

File Edit Selection

Picking Mode: |Pick Atoms

Style: | Capped Stiks ~ Colour:

Animate... Default v

Structure Navigator
THALIDO3

Crystal Structures
THALI
THALI
THALI
THALI
THALI
THAL
THALK
THALF
THALY
THAM
THAM
THAM,
THAM
THAM
THAN
THAN
THAPE
THAQ
THAQ!
THAZI

11001 Display Options
Display
] Tree View ek
Asymmetric Uit
Auto centre
Reset

ture Navigatss

Display

| Short Conta...
H-Bond

Calculate

THALIDO3 (C2/c) - CSD-Enterprise

CSD-Community CSD-System  CSD-Materials | CSD-Discovery | CSD Python AP Hel
- & O T Shay Full Interaction Maps...
e <1 Marage Styles... [Work = Conformer Generatian..
b= ¢ ' x x+ y y+ z z+ x9 x40 y<@ LounchGOLD Docking

Launch Protein Interactions

Launch Ligand Overlay

Opions
< (sum of velW radii) Contacts. (] Show hydrogens (] Depth cue
Default definition = Show cel axes 2ipping

More Info ~ 7
Label atoms

Powder,..

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

Can generate high-quality graphics (POV-Ray integration

lp

om-  zoom+

Overall interface to small molecule visualisation & analysis

Anmate,..
Structure Navigator
THALIDO3

Crystal Structures
THALIDO1
THALIDO3
THALID1O
THALIDTI
THALIDI2
THALID13
THALPD
THALPDOT
THALPI
THAMCUO1
THAMCU0Z
THAMCU1
THAMPS10
THAMPY
THANAU
THANPT
THAPRU
THAQFO
THAGFOO1
THAZDN
THAZPN
THBAMS
THBARE
THBARBO1
THBARBO2
THBARBO3
THBDAZ10
THBDEC
THBDEC02
THBDED
THBRNE
TuBoNEI

cture Navigator

CC X

Spacegroup

P2i/c
CUc
P2i/n
Cc
P2/
P2i/n
P2i/n
P2ifn
P21
PZi/n
P21/n
P21/e
P21/a
P2i/n
m
P2i/c
3121
P21

-

P-1
p-1
P2
P2i/c
P21/c
[
P2ifc
Pbea
Cme21
e
e
P-1

Muiltigle Structures

Searches

Struchres..

- ol
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Questions !,

e |sthe geometry of my molecule typical of the 900,000+ structures in
the CSD?

e Are the geometries of my modeled compounds realistic?
e Whatis the typical geometry of my molecular idea?

e |sthe geometry of my docking pose reasonable?

- Use Mogul (CSD-System)

Pre-computed knowledge base of
intramolecular geometry information in
organics

Retrieval of Crystallographically-Derived Molecular Geometry Information.
Bruno et al. J. Chem. Inf. Comput. Sci. (2004) 44, 2133-2144, DOI:
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Mogul (CSD-System)

Specify geometric parameter to search on, or validates complete geometry of molecule
Classifies each bond length, valence angle, torsion angle, and ring as usual or “unusual”

% Mogul Results Viewer - O X
Show / hide : | Columns 'l ‘Fragmems‘.‘ | [ ‘Deselacta” ﬁ'agmentsl I | Export...
| Double click to view result in Hogul

Type Molecule Fragment Classification No. of hits Query value Mean Std. dev. z-score %~ mean Minirmurm Maximum Median | dlrmin} | Local density G
C5CEN4 CT Net unusual (enough hits) 560 178173 0.000 0.939
04 CBN5C9 Mot unusual (encugh hits) 1411 -1.945 0.000 0.944
C7CBN5CO Net unusual (enough hits) 1027 174.007 0.000 0.959
05 C10N6CTT Mot unusual (enough hits) 1851 -7.290 0.000 0.985
CoCIoNECT Net unusual (enough hits) 566 173419 0.000 0.988
01 C2CT N Mot unusual (enough hits) 1277 149101 0.000 0.351
MNTCIC2N2 Net unusual (enough hits) 1274 -32.546 0.000 0.356
o1c2zcic3 Not unusual (enough hits) 1288 -87.103 0.000 0.500
cizcicang Mot unusual (enough hits) 1283 91.249 0.000 0.500
C4CIN2 2 Net unusual (enough hits) 1223 -95.442 0.000 0.116
Ci4camacz Mot unusual (encugh hits) 1773 141.096 0.000 0.109
02 C4C3IN2 Net unusual (enough hits) 1277 -166.125 0.000 0.208
N2 C3 C4 N3 Mot unusual (enough hits) 1274 13.675 BI ue = Not U nusual 0.000 0177
CECINI C4 Net unusual (enough hits) 862 105.689 0.000 0.114
03 ChC5 N3 Mot unusual (encugh hits) 842 2.909 0.000 0.154
M4 C6C5 N3 Net unusual (enough hits) 832 179.131 0.000 0.136
CBCT N4 CH Mot unusual (enough hits) 1223 53.790 0.000 0.249
CI53CT N4 CE Net unusual (enough hits) 1773 -73.685 0.000 0.083
04 C8CT N4 Mot unusual (enough hits) 1277 -146.303 0.000 0.366
N4 C7C8 N3 Net unusual (enough hits) 1274 37.667 0.000 0.364
CI0CON5 CB Mot unusual (encugh hits) 862 90.867 0.000 0.280
05 C10CON3 Net unusual (enough hits) 842 174340 0.000 0.287
NE C10 C9 M3 Mot unusual (encugh hits) 832 -6.319 0.000 0.276
C12ZCITNBC10 Net unusual (enough hits) 862 -118.965 0.000 0.080
OB C1ZN1CT Mot unusual (enough hits) 1574 4.555 0.000 0.985
CHCIZNTI T Net unusual (enough hits) 560 -174411 0.000 0.986
06 C12 C11 N6 Mot unusual (encugh hits) 242 14101 0.000 0.227
N1 C12C1T NG Net unusual (enough hits) 832 -167.244 0.000 0.243
o2C4cC3cCi4 Unusual (enough hits) 1288 -43.029 0.000 0.046
C14C3 C4N2 Unusual (enough hits) 1285 136,772 Red — U n u S u al 0.000 0.044
04C8CT7C15 Unusual (enough hits) 1288 -18.794 — 0.000 0.028
C15C7TCaNS Unusual (encugh hits) 1285 165177 0.000 0.032

v ring

v AAGAGGI01

MNTCTC2MN2C3C4N3C3CoMN4 CTCBNICICIONGC11C12 Mot unusual (enough hits) 15 0.000 62.884 0.133 v

< >

Double-click unusual torsion to examine in detail

32



€C ¢
Mogul (CSD-System)

$ CCDC Mogul 1.7.3: AAGAGG10 (P212121) - CSD-Enterprise - O s

File Searches Databases Help Distributions Of angles

Build query Results and analysis ~ View structures

I, Mogul search - Torsion angle - 02 C4 C3 C14 for to rSIOnS Of thlS type
All hits: 1239 160 \alue in query: 43.029° .
Accepted hits: 1239 ' N th e C S D
R-factor: Any Heaviest Element: Any
Exclude: None
Relevance Number Contribution 128
> 1.00 1239 100.0%
o 96
2
il
o
e
g
Z 64
View diagrams... ‘ ‘ More hits...
Statistics 32
Total : 1239
Selected : 1239
| d(min) | : 0.000°
0
0 45 .80 n 135 180
Torsion angle /
|| |
Click to (de)select bars; click and drag to (de)select a range
i . S Data libraries
Histogram display Select | all hits in histogram

All fragments... H View query... Displayed hits: 1239 [v] csp 5.39 [ fi Gllstar

Selacted hits: 1239 ‘D&‘e'ed all hits in histogram CSD Novi7 update [

33



Mogul (CSD-System)

You can examine the matched torsions

BUHKUM

% ccDC Mogul 1.7.3: AAGAGG10 (P212121) - CSD-Enterprise - O e
File Searches Databases Help
Build query Results and analysis ~ View structures
— % ccpC Mogul 1.7.3: AAGAGG10 (P212121) - CSD-Enterprise O 2o
[ Information ‘ Refiode:/
- File Searches Databases Help
Build query Results and analysis View structures
5 F. —— w CCDC Mogul 1.7.3: AAGAGG10 (P212121) - CSD-Enterprise
3D Visualiser £ [ S a— | Refcode: /
—— File Searches Databases Help
Build query Results and analysis View structures
3D Visualiser ‘ Information Refcode: BUHKUM Data Library: CSD 5.39
Torsion angle:
Et H.O 97.158°
3D Visualiser Z
Et (o]
CH,
H;C
NH o)
(o]
Br—
(o}
Fragme fo) CH,
E HN
Show
Fragme NH OH
View entries H,C o
Show 0
Fragment H;C
View entries
Show Parameters
View entries

BAZWOR
BEKZIB
BERVEZ
BESHIQ
BESWAY
BESWEC
BICKON
BIGHUV
BIHTUH
BIHXUL10
BIKPUH
BIPNET
BOBVUK
BOCAPR
BOPMUOO1
BOUVAR
BOVKII
BOYKUYV
BPAIBAO1
BPAXQO
BUDJIU
BUHKUM
BUZLAJ

<< | >>

611 structures
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Questions q

e How do particular groups typically interact in structures in the CSD?
(e.g.is the N or the O of oxazole more likely to H-bond to an OH group?)

e How do particular ligand groups interact with particular protein
residues? (e.g. how can we bind to a tryptophan?)

e What particular group can be a bioisostere for another particular
group? (e.g. do thiazole and oxazole form similar H-bond interactions?)

- Use IsoStar (CSD-System)

Pre-computed knowledge base of
intermolecular interactions

&l 4
__(@

IsoStar: A library of information about nonbonded interactions

Bruno et al., J. Comput.-Aided Mol. Des., (1997), 11, 525-537, DOI:



- O
IsoStar 2.2.3 < + >
& camacuk B c w o ™ | B -a@a =
Home || Ligand Terminal || Ligand Acyelic Links || Ligand Ring Systems || Ligand Solvates | Protein Plots || Custom Plots | Help I S o Sta r ( ‘ S D _Syste m )

Home

T Client-Server system: http://isostar.ccdc.cam.ac.uk
phen! Select Central Group (Phenyl
e Select Contact Group (R-NH3*

H,0.C.H onl General
P-containing D Links to statistical data 3 Links to theoretical energy data

= == - e Select CSD or PDB data

any polar X-H (= N.O or §) >

* This search has not been done

0,C.H only
N.0,C.H only

General| C.H only| N-H| O-H| Ot

View Scatter plot or Contour plot

g Contact Group csb POB| Stas |Theory

G e s * In both cases, adjusted for symmetry

r N or O] Sulfur] Hale/halide| Amino acid

)

Ring systems methyl >

Custom Plots any aromatic C-H 1063 ®
substituted aromatic carbon 249 3 ~

| o Sosiar - oiEA 0y

Scatter Plo

Previous Files Wi v e Wams (oW o

- o EN

File Options Help

Previous Fies

Scatterpiots | Hyperlinks | Theoretical Energy Minima Scatterpiots | Hyperinis | Theoretical Energy Minima

Lower Limit 0.43 Lower Limit 0.43
Identifier [ Contact number ] { Scatterplot ) Identifier [ Contact number ] ( Scatterplot )
€SD |RICEIP [468] (phenyl, calioncRNH3) v | | Info.., €SD RICEIP [468] (phenyl, cabioric RNH3) v | | Info...
Upper Limit 0.5 Upper Limit 0.5
PDB = Hide Al Overview vdW Overdsps| | Show Al PDB > ] Hide Al Overview ... | (vdW Overlaps | Show Al
Contour Surfaces | Show Al Hde Al | [CreatefEdt... Scatterplot Symmetry  Expand Contract Contour Surfaces  Show Al Hde Al | [crestefEdt... Scatterplot Symmetry | Expand Contract
] Hyperiri  Cicking on scatterplot atoms adds parent structure to Hypesinks tab ) W] Hyperink { Clicking on scatterpiot atoms adds parent structure to Hyperniks tab )

Current visu

Filename C:\Users\SANSCH- 1\ AppData\Local\ Temp\csd0129_D6.istr [comprassed] [encoded] Filename C: A H~T\AppData\Local\ Temp\csd0129_0.istr [ d] [encoded]
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Question

CC X

e What are the common interactions around my molecule taken as a

whole?

Full Interaction Maps (CSD-Discovery/Materials)

%) Full Interaction Maps ? *

Options Maps Hotspots Log Files

Map Contour Levels

Display first contour with initial level of 2.0

Display third contour with initial level of 6.0

Probe Coelour &
Uncharged MH Mitrogen _
Do Carbonyl Oxygen -
(] Water Oxygen
[] Generate hotspots in the map (] Oxygen Atom
] Methyl Carbon
Aromatic CH Carbon _
[] ©-F Fluorine
[] c-CI Chlorine
[] sp2 CNC Nitrogen -

Display second contour with inital level of [] Charged NH Mitrogen
[ Carhmadate Chernen a0

[ RNH3 Mitrogen
[ Alcohal Oxygen
Calculate Maps| |[21ear Maps &Hntspots| | Load Maps... |  Save Maps...

Evaluation of molecular crystal structures using Full Interaction Maps

Uses CSD data from IsoStar
Accessed in Mercury.

For currently loaded entry:

« Select Full Interaction
Maps in CSD-Discovery or
CSD-Materials menu.

» Retain defaults

« Click Calculate Maps.

Wood, et al., CrystEngComm, (2013), 15, 65-72, DOI:
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Full Interaction Maps (CSD-Discovery/Materials)

)-Enterprise

File Edit GSelection D ( CSD-Cemmunity © stem Ma Y -

* Picking Mode: |Pick Atoms ~ | Giear Meazirements [ 7 || A0 || €] I Show Labels for [Riiafoms =

" Style: | Capped Sticks v (Colour: | by Element v | Manage Styles... \mm VhiAMSe\e:bons:|

IZI‘ Animate. ., “iDefauit\ﬂew:iVb -v‘ & b - a® b= E" X X+ y- ¥+ oz 2+ ;c»gu ®420 YO0 y400 zO0 z490 & > L T zoom- zoom+

L -~ Red = frequently
. observed H-bonding
Tam acceptors

THALID13  P21/n
THALPD P21/n

o Brown = frequently
meam observed hydrophobic
e (bit hard to see)

Crystal Structures Spacegroup
THALIDD

THAMPS10 P21/a

THANPT  P2l/c

THAPRU  P3121 B I _ f ‘tI
Tiacro 7 ue = rrequently
THAZDM

THAZPN

THBARBE

observed H-bonding
1 donors

THBARBD3  P21/c
THBDAZ1D Pbca
THBDEC Cme2l

THBDECO2 F=~
THBDED F
THBRMEB  P-1

THBRMEB10 P-1
THBZMO  P21/c
THBZPS10  P21/n
THCANB  P212121
THCDCU  P21/c
THCDPZ  P42/mnm
THCDUR  P112/b
THCFMD  P21/a

THCHAC P21
THCHCR  P-1
a THCHPE P21/a b
isplay Options ‘ 55 ” e
R [ Tree view

[ Pading [ Short Contact < (sum of vaW radii) | Contacts... | St [ T0ctvas

] Asymmetric Unit |[] H-Bond User defined o] [ show cellaxes  [] Z-Clipping [ Multiple Structures

[ Auto cantre ——— [Oiabelatoms Stereo Structures...

oA | ponder.. |

= e

Structure Navigator Searches

Press the left mouse button and move the mouse to rotate the structure
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Full Interaction Maps (CSD-Discovery/Materials)

%) Full Interaction Maps ? *
Uses CSD data from IsoStar.

Options Maps Hotspots Log Files

Map Caontour Levels

Probe Colour ~ For currently loaded entry:

Display first contour with initial level of Uncharged NH Nitrogen_ o Se|eCt Fu” |nteraCtI0n

S D S Maps in CSD-Discovery o

Display third contour with initial level of [ Alcohol Oxygen CS D-Ma’[enals menu.
Hotenats Carbonyl Cxygen «
0 L] Water Oxygen * Tum on Generate
Generate hotspots in the map [ Oxygen Atom h ”
otspots”.

(] Methyl Carbon

grirglatic_CH Carbon _ « Click Calculate Maps.

(] £-CI Chlorine

[] 5p2 CMC Nitrogen
M 0 _ v

Defaults
Calculate Maps| |l_'21v.=_ar Maps &Hntspots| |Load Maps... | Save Maps...

=



CC X

Full Interaction Maps (CSD-Discovery/Materials)

% THALIDD3 (C2/c) - CSD-Enterprise
CSD-Community  CSD-System CSD-Materials  CSD-Discovery  CSD Python API

| s Meeeunementel [ ][ 0] [T ]| 1 showabelsfor fefors

Atom selections: v

File Edit Selection

Picking ModerlPid:Aboms

Display  Calculate

- ‘: Manage Styles.

 Style: | Capped Sticks v (Colour: ‘bv Element

=] 2 b e a* b’:‘| = xt y X80 x490 yB0 y490

y+ - 7+

101 [t ] Defouttvew: |5

‘Wdf

~ with Atom Label =

Help

280 2490 ¢ > 4 1 zoom- zoom+

[m] *

Siructure Navigator

Points are:

Display Options

L adng [ Short Cantact < (sum of vaW radi) Fowsydens | Ikt
[ Asymmetric Unit | ] H-Bond User defined []show cellaxes  [] Z-Clipping
[ Auto centre [ Label atoms Stereo

[ Reset l

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

THALIDO3
THALIDIO  P21/n
THALID11  C2/c

THALID12

P21/n

« Peaks in contours
« Fold over random (e.g., 10
= 10 times more likely than

THAMCLTD P21/c
THAMPS10 P21/a ran OI I I
THAMPY  P21/n
THANAU ~ Cm
THAMNPT P2l/e
THAPRU p3121
THAQFO P21
THAGQFOO1 P*
THAZDN  P-1
THAZPM  P-1
THBAMS  P2l/c
THEARBE P21/c
% Full Interaction Maps ? X
Options ~ Maps  Hotspots  LogFiles
Edit Hotspats
All Al All
Display  Level Range - Use
Probe Min, Level [ min, max, Color Visible Label Opacity
1 Uncharged NH Nitrogen [5.00 |5 [1.68,11.93] | M Blue -
2 Carbonyl Oxygen B20 501293421 | M Red -
3 Aromatic CH Carbon 443 [1[1.23,443] | M Custom.. ~

Convert Hotspots To Dummy Atoms

Calculate Mapsl |C1ear Maps&Hotspots‘ ‘Load Maps... | ‘Sava Maps... | ‘ Close |

Structure Navigator Searches
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Question

e What are the most likely diverse conformations of my molecule based
on the CSD?

CSD-Conformer Generator (CSD-Discovery/Materials)

& AABHTZ (P-1) - CSD-Enterprise - o X UseS CSD data from MOQU|
File Edit Selection Display Calculate CSD-Community CSD-System CSD-Materials CSD-Discovery CSD Python APl Help ]

Picking Mode: Pick Atoms ~|ictear (&)L [ show Labels for Al atoms: Swith > A d M y

Style: |Capped Sticks ~ Colour: by Element or Suppression -~ Manage Styles... Work ) ~ | Atom selections: » | Select by SMARTS: » Cce S S e I n e rC u r O r

(] Animate... | Default view: b eg.

g Hermes, or through the

Source molecule

S — wore___[Fer] command line, or through the

Crystal Structures ~ Spz
O From file: Browse

o iz e CSD Python API.

AACANI11 P21
\C:\Users\pradon H Browse AACFAZ Pbc

AACFAZ10 Pbc

Output format(s) NAGML  pod
e Wi In Mercury, for currently
Display Options | [ show advanced options ( 70 < >
Display | Conformer Generator status I = [ = I O ad e d e n t ry :
[] Packing [ JShort Cont Click "Calculate” to start ‘W‘ cue iesView
Sl = = - | 2= . Select Conf
| Aut:::“eit:: " Frbond Close :'"9 ‘ M:l:’:j:fmres‘ e e C O n O rm e r
= ‘ Structure Navi...  Sea... Generation in CS D_

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

Discovery or CSD-
Materials menu.
* Retain defaults
Click Calculate.

R. Taylor et al. (2014) J. Chem. Inf. Model. 54, 2500-2514
J.C. Cole et al. (2018) J. Chem. Inf. Model. 58, 615-629
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CSD-Conformer Generator

e Part of CSD-Discovery, CSD-Materials and CSD-Enterprise suites

szszsz

o m ] Conformer generation
o

To gensrate conformers we create a o

5> conformer generator = confomer ConformerGenerator()

Note: Thers are opficnal parameters for finer control of th

8 codc. conformer Conformerceneratar; PIBASE 566 the API
ntalion for furthar defail

e Program based entirely on Mogul data for conformer generation

e New version: improved handling of flexible ring systems

— using Mogul templates for isolated, fused, spiro-linked and bridged rings

— if no template available, then generated on the fly with cyclic bond
rotamer distributions

Fast & chemically plausible conformations

Initial optimisation step also useful to prepare compound libraries
before virtual screening

>



get rotamer
molecule w (optimise) 4 and ring
distributions

sample and
score
conformers

select diverse
subset

500 =
400 2
z s
300 a
o
3
I 200
100
o

180 -120 60 0 60 120

Reference torsion angle

0.
Rotatable bond frequency distributic

e
N
h

Rotatable bond probability distribution

st
3

2nd, "

3

180 -120 60 0 60 120

Reference torsion angle

180

I Unusual threshold

| I Overall conf prob '
43

R. Taylor et al. (2014) J. Chem. Inf. Model. 54, 2500-2514.




CSD-Conformer Generator: Latest validation

CC O)C

e Performance evaluated against the Platinum 2 diverse data set = get

fast & chemically plausible conformations

14

Top n conformers
n 1 50 250
least ARMSD < 0.5 A (%)

-
~

-
15

o

least ARMSD < 1.0 A (%)
mean ARMSD

Elapsed time (s)

Percentage of Data Set

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Number of Rotatable Bonds

----- 50 conformers, ARMSD <= 0.6 -----50 conformers, ARMSD <= 1.0
——250 conformers, ARMSD <= 0.6 —— 250 conformers, ARMSD <= 1.0

1 “Knowledge-Based Conformer Generation Using the Cambridge Structural Database”

 —
 —
 —
| - —
o=
[ —
-]
o=
o—s—
[

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16

Number of Rotatable Bonds

Geldanamycin, 19
atoms in ring (PDB
3C11): top 50
conformers, least
AMRSD = 0.95 A

J.C. Cole et al. (2018) J. Chem. Inf. Model. 58, 615-629, DOI: 10.1021/acs.jcim.7b00697 2J. Chem. Inf. Model. 2017, 57, 2719-2728.
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CSD Python API: Contents

e (CSD Python APl components:
— Reading and writing of molecules, crystals and entries
— Entry, crystal and molecule functions (incl. PXRD output & comparison)
— Search capabilities (substructure, similarity, text/numeric, reduced cell)
— Molecular geometry analysis
— Intermolecular interaction analysis
— Geometric, molecular & crystallographic descriptor calculation
— Crystal packing similarity calculation

— 2D diagram generation p pgthon :

— 3D conformer generation

M

— ... much more to come, exposing CSD-Materials and CSD-Discovery features

v
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Questions

e What other molecules exhibit a similar short-contact or hydrogen-

bond pattern? (easy non-bonded contact search in the CSD: how can we use
pharmacophore features to search for a given small molecule-small molecule
interaction pattern?)

e What other scaffolds would fit in my molecule? (easy scaffold hopping in
the CSD: how can we use exit vectors to retrieve diverse ligand topologies that could
be used as scaffold?)

- Use CSD-CrossMiner
(CSD-Discovery)

Search structural databases (i.e. the
CSD and/or the PDB), concurrently and
interactively, in terms of
pharmacophore queries

Interactive and Versatile Navigation of Structural Databases

0. Korb, et al. (2016) J. Med. Chem., 59, 4257-4266. DOI:
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CSD-CrossMiner overview

prot_acc

e Pharmacophore-based
searches of structural

databases (CSD & PDB,
simultaneously)

@ prot_acc

h s
= oy
v(‘}_@ prot_don

e [nteractive tool: modify a
hypothesis/results on the fly

e Applications in drug design:

— Which structural motifs
bind in a similar
environment?

— Which ligand motifs have
similar protein interaction
patterns?

47

10.1021/acs.jmedchem.5b01756
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Our motivation for using pharmacophores

e Intuitive as the functional groups can be specified relative to a 3D structure

— Sphere positions and radii can easily be refined

e “What you see is what you get” I; j :

— Hits will be overlaid onto the query and can be analysed in the same context

e Concept well-understood by medicinal chemists

e Flexible feature definitions

y: 3

— User can control the level of chemical abstraction /;;\ﬁ e
{0O) !
st @



CC X

Feature assignment

planar ring
) donor

acceptor

e Features are derived from the substructures by applying a point
generation rules.

e Features are based on a series of modifiable SMARTS patterns.

e Each entry in a structural database is indexed with a set of feature
definitions which are used to perform the actual 3D search.

>



Pharmacophores in CSD-CrossMiner

e Molecular structures are
annotated with features

e Pharmacophore query is based
on tolerance spheres

Sphere radii reflect
uncertainty in the position of
the features

* Pharmacophore points can be set
to be protein (P), small molecule
(S) or any molecule (A)
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Constraints

intra-constraint " inter-constraint ' no constraint
* Intra-constraint 2 pharmacophore points located in the same
structure

* |nter-constraint = pharmacophore points located in different
structures

* No constraint 2 pharmacophore points located either in the same or
in different structures

<



CC X

Pharmacophore search

generate initial query
run search \
analyse results

modify query

ois
3

Wouldn’t it be nice to interactively modify
the query and analyse the results?

=
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Hit processing

e Rank hits according to Kabsch?! overlay rmsd
— Overlay feature point to centre of the query sphere
e Hits are clustered according to molecular similarity

— Only display diverse set of hits with respect to Tanimoto threshold (ligand, protein, or
ligand+protein)

e 2D diagrams

— 3D pharmacophore is projected into a 2D representation

1W. Kabsch (1976) Acta Cryst. A, 32, 922-923. DOI:



Applications of CSD-CrossMiner

e Determine common protein binding
sites in PDB structures

e Determine structural motifs that bind in
similar environments

e |nform cross-pharmacology between
protein targets

e Find new ideas:

- Design novel motifs that molecular mimic
extablished ligands

- Scaffold-hopping: retrieve a diversity of ligand
topologies that can be used as scaffolds

<
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CSD-Discovery: Other applications not covered here

SuperStar: Knowledge-based prediction of intermolecular
interactions in a protein binding site based on data from
CSD or PDB crystal structures

GOLD Suite: Protein-ligand docking - virtual screening, lead
optimisation and binding mode prediction, with the Hermes
protein visualiser

Ligand-Based Virtual Screening Workflow: identify plausible
common binding modes of structurally diverse ligands using the
Ligand Overlay Program, and virtually screen molecules against
such a binding mode hypothesis using the Field-Based Ligand
Screener
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CSD-Materials: Other applications not covered here

Informatics-based solutions that aid in the understanding and prediction
of solid form stability and properties

* Interpret crystal packing and compare with CSD data using
powerful Packing Feature, Similarity and Motif searches,
and Hydrogen Bond propensity Analysis

e Understand the effects of hydration on your lattice with the
Hydrate Analyser

* Explore the structures of potential co-crystals using the
Molecular Complementarity Tool

e Use CSD data to help solve crystal structures from powder
diffraction data using DASH
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CSD-Enterprise: Summary of what was covered here

e ConQuest: CSD search & geometric data generation

e Mercury: Visualisation, analysis, overall small molecule interface

e Mogul: Geometric analysis

e [soStar: Precomputed functional group-to- functional group interactions
e Full Interaction Maps: Interactive whole molecule interactions

e (CSD-Conformer Generator: Quick generation of chemically plausible
conformations

e (CSD Python API: Scripting, handling of many molecules, integration,
conformer generator and much more

e (CSD-CrossMiner: interactive and simultaneous search of CSD & PDB in
terms of pharmacophore queries
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