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The sound of music

* Film first released in 1965

* Highest grossing film of 1965
* Set In Austria
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The 1960s %,




The vision
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. Estabhshed in 4965
by Olga Kennard "~ -

 She and J.D. Bernal
had a vision that a
collective use of
data would lead to
new knowledge
and generate
INsights
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J.D. Bernal and research group including Olga Kennard at Stonehenge in 1948 < < I N



The vision

BERNAL'S VISION: FROM |
DATA TO INSIGHT |

by Dr Olga Kennard OBE FRS

THE J D BERNAL LECTURE 1995 1

delivered at
BIRKBECK COLLEGE, LONDON

4ofies

i

We clearly recognised even in those early days, that data banks have three
principal functions.| Firstly they must gather together existing knowiedge\
and make it readily available to the scientific community. |Secondly they
can be used to reduce a large number of observations to a small set of
constants and rules, and in this way transform a data base to a knowiedge
base. |Such a knowledge base may obviate the need for further individual
experiments in specific areas. | Thirdly, they facilitate the comparison and
collective analysis of individual results to gain insight into new or as yet
unexplained phenomena. [These ideas have been at the heart of the work
of the Cambridge Crystallographic Data Centre and the driving force for
improving methods of data collection, storage and dissemination. Most
importantly they influenced development of computer programs and
methodologies which are needed for the analysis and transformation of the

accumulated information. (5)
CCIDC




Early creation of the CSD

The early days of CSD
creation

Olga Kennard, David Watson and Sam
Motherwell

Sharon Bellard, David Watson and Frank Allen < :( : I >< :



The beginnings of the CSD

The importance of data
quality recognised from the
outset

Olga Kennard, CSD 50 symposium, Campridge 2015 ‘ < | N




The first volumes

« Data primarily reported within articles

* Volumes electronically typeset

* Bibliographic information and introduced

rudimentary ways of searching
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NH;CO-CH N

The structure of vitamin B,
VI. The structure of crystals of vitamin B, grown from

and immersed in water
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molecular weight, 1752; @ = 25:33 4, b = 22:32 A, ¢ = 1592 A; space group,
P2,2,2,; n = 4; density = 1-29 (mw}umd), 1-292 (calculated). p = 26:55/cm,

s 25 48 03 5 02

Clara Brink-Shoemaker, D.W.J. Cruickshank, D.M.Crowfoot Hodgkin, M.J Kamper and D,Pilling
Proceedings of the Royal Society London,Series A, 1964, 278, 1, DOI: 10.1098/rspa. 1964.0042
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Hoard, L.G. 2 64.

Hobson, A.D. 1 16.49

Hock, A.A. 2 72.33,73.74

Hodder, O.JR. 1 3132 2 61.15
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CMHnMgN 502+ &7 %
66“7le20|5|>|,62' 228‘8_ 6721 2
Css“anszz




Dorothy Hodgkin Gy
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Olga, Dorothy and a Benjamin Franklin look alike
at the ACA Philadelphia in 1988 5
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AN Structure of vitamin B12 and other « Now >130 vitamiIn structures

| complex molecules (penicillin,
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Up to 1969

* 4 606l structures published <1965
» >8 000 structures published by 1969

W
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») v
S 8,000 - | METAI_D. N.IDHTC
0 [ One of the first The first metal-
» 6,000 - I organic structures organic structure
3 || with 3D coordinates  with 3D coordinates
c 4,000 - 0
v ol Organic Metal-Organic
S 2,000
Q ___-———-—“"_____-- With coordinates No coordinates
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L. Pauling, D.CCarpenter, JAmM.Chem.Soc., 1936, 58, 1195, J.M.Robertson, . Woodward, J.Chem.Soc., 1957, 219 < < I N



Benzene and Kathleen Lonsdale

» >1 600 published benzene structures by 1965

» Kathleen established the planarity of the AN
benzene Hﬂg by X—ray CryStallog ra phy By Smithsonian Institution from

United States via Wikimedia
« She has 19 entries in the CSD Commons

« Was responsible for co-creating the first edition of the
International Tables

112" 1"-terphenyl

ANTOQUOO5 @&

Anthraguinone - - -
TERPHO
CJBirkett-Clews, K Lonsdale, Proc. R Soc.London. Ser A (1937), 161, 493 Kathleen's first CSD ( ( I )(
K.Lonsdale, HJMilledge, KE.Sayed, Acta Crystallogr. (1966), 20, 1 entry with coords :
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° 2,500
The rise of ferrocenes T
%L
O .
- Ferrocene was first discovered in 1951 \@CO(O\Q“@\Q%@\@O)(O@OQCO»@(O 4
* Structure determined independently ., .
by three groups in 1953 oo cumulative
« 33 structures published by 1965 5000
« Metallocene now in 11 % of all metal- ;500 -
r =—-clTOoCenes

organic structures 30,000

Metallocenes
20,000

FEROCEO]1 e

002
2006
2010
2014
2018

J1.D.Dunitz, L.E.Orgel, ARich, Acta Crystallographica, 1956, 9, 373, DOI: 10.1107/S0365110X56001091 < < I ><



The 1970s

Nttps//\www.techrepublic.com/pictures/tech-nostalgia-the-top-10-innovations-of-the-1970s/ < < I N



https://www.techrepublic.com/pictures/tech-nostalgia-the-top-10-innovations-of-the-1970s/

Molecular structures and dimensions: guide to the
literature, 1935-76: organic and organometallic
crystal structures. Edited by O. KENNARD, F. H.
ALLEN and D. G. WATSON. Pp. xxiii + 660. Utrecht:
Bohn, Scheltema & Holkema, 1977. Price $66.00,
£35-00 (personal rate $49.00, £25-50).

Some folk like their data on magnetic tape or disc, others
prefer microfiche, but the majority of scientists are stub-

bornly conservative with respect to devices outside their own
special field and still prefer a good solid book. This should
please them. It weighs 2-4 kg and its 660 pages are
contained in a volume of 32 x 23 x 5 cm. Apart from the
purpose which is stated in its title, this book can be used to
support apparatus, prop open office doors, press family
photographs or wild flowers, and if erected vertically can
conceal a post-prandial snooze. There is certainly a sense of
money’s worth, which might not be so from the equivalent
ten microfiches weighing 14 g.

- CCIDC



More challenges...

appears under the key-words rubidinm salt. suffo, gluco-
myranosyd and glycerel, The choice of key-words 15 nol
always successful. For example, an attempd 1o ientily all the
anhydro sugars which had been studied failed because of the

uhgn:-m:.u of ankpdro a5 a key-word. The organic compounds

S| il - I TRy | | R [N T | R R L Licdmad

* Even then categorisation and finding structures created
challenges ...
« How to find entries of interest?

« How to detect duplicate entries?

« CCDC helped pioneer work on reduced cell searching (Bob McMeeking, David
Watson and others)

* The registration systems developed were critical for this

CCDC



This hook, or its equivalent device, is essential for all
seentists  concerned  with  organie o organometallic
mobecular structures in the crystalling state, [t removes every
excuse for ignorance concerning the literature in this feld.

Finally, 1 must say ‘thank heavens’ for QOlga and her
colleagues who had the good sense to start getling these
structural data orgamzed before they swamped us.

GEORGE A. JEFFREY
Department of Crysiallography
University of Pittsburgh
Pitisburgk
FA 13260
LISA
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Using the data..

Table I. Experimental Structural Parameters for N. .. C==

CDmpound fﬁ ff d;
A, methadone 1.510 1.554 2910
B, cryptopine 1.521 1.515 2.581
C, protopine 1.520 1.505 2.555
D, clivorine 1.508 1.546 1.993
E, retusamine 1.49 1.56 1.64

F, N-brosylmitomycin A 1.56 1.56 1.49

s For a definition of symbols see Figure 1. * Distances i
1.3% < = 1.529 A, (a) = 107.3 (5.0)% {y) = 118.6(1.

a) o b) N a0

Pi | P i
E
L oy '
R . Ba | Pe R 10
N
<(NCO) e * i
[+ 3 E -_},
¥': <(RCR) °EF%¢K i

Figure 1. (a) Definition of symbols., (b} Reaction coo
projected on the NCO plane showing nitrogen (top, arrc
dicate the estimated direction of the lone pair), carbonyl
(bottom right), and bisector of ¥ (RCR. ') (bottom left).
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CSD entries today

H. B. Burgi, J. D. Dunitz, Eli. Shefter, J. Am. Chem. Soc. 1973, 9515, 5065-5067
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1970-1979

« CSD tripled in size
* Majority now with coordinates

35,000 -
30,000 -
25,000 -
20,000 +
15,000 -
10,000 -
5000 -

o0 -

# published structures

1970

1971
1972
19735
1974
1975
1976
1977

D.Brown, C.T.Reynolds, P.T.Moseley, Journal of the Chemical Society, Dalton Transactions, 1972, 857,

DOI:10.1039/dt9720000857

1978
1979

Single component
64%

EAOCPA
The first structure
with Protactinium

Organic
55%

No coords



Creating a database 7

® ] L

®

- The aim by 1980 was to have:
created a fully retrospective “ =~
database

* By the end of the decade the
database was created and the
nucleus of searching software had
been developed

By
B3] 6 s

Fig. 4. Flowchart illustrating the scarch, retrieval analysis and
display system.

Allen, F . H., Watson, D. G. The Cambridge Crystallographic Data Centre: Computer-Based Search, < < I N
Retrieval, Analysis and Display of Information. Acta Crystallogr. 1979, 835, 2331-2339. ‘



[ ]
1980s G
. »
Introducing Macintosh.
R)rutﬂl(}w’(‘fmx ; ® T
| o
!

MICRSSOFT.

Nicrosof t Nindows
Version 1,01

Copyright (c) Microsoft Corporation, 1985, All Rights Reserved,

https//Mwww.techrepublic.com/pictures/tech-nostalgia-the-top-10-innovations-of-the-1980s/ ‘ { I N
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1980-1989

« CSD tripled in size again
* Majority now metal organic

® 100,000 -
5 90,000 - |
0 380,000 - ; et
2 70,000 - KEDMUB
g 60,000 - First structure with bonding to
o 20,000 - group 18 element
< 40,000 -
2 20,000 - s
O | (o]

1970

1971
1972
1973
1974
1975
1976
1977
1978
1979

Single component
55%
H.J.Frohn, SJakobs, G .Henkel, Angewandte Chemie, International Edition, 1989, 28, 1506, DOI: < < I N

10.1002/anie 19891506
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1980s - the dominance of metal-organics '
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The CCDC in the 1980s

2178 1. CHEM. SOC. DALTON TRANS. 1985

Table 1. Crystallographic data and details of data collection and processing for ML{NO,),, with M = Cu [in (1)], Ni [in (2)], and Cd [in (3)]

(1}] 2) 3
Stoichciometry CisHarl | cuem. soc. paLTon TRANs 1985 2179
o 529.0)
Lattice type Mon:
Space group I
23.3| Table Z Atomic co-ordinates with cstimated standard deviations in parcntheses
ﬁ; Atom Xia Yib Zic Atom Xia Yib Zie
%0 {a) Compound (1) ( x 10° for Cu, x 10* for others)
108.7 Cu 7734(2) 11 519(5) 62931(2) <@n 225103) 6TI(E) 4844(4)
90 N{01) 1493(1) —122(3) 6454(2) C(30) 2044(2) 483(5) 6905(2)
48733 C(10) 1359(2) —128%5) 6 T5E(3) N3 1.888(1) 1149(3) 7431(2)
8 N TOB(1) —14253) 6 366(2) N(32) L 386(1) 1 906(3) 7246(2)
1.4 N(12) 379(1) —356(3) 6 561(2) C(33) 1395(2) 251204) 7809(2)
22024 Ci(13) —162(2) —764(4) 6558(2) C(34) 1907(2) 2157(5) 8332(2)
9.4 C(14) —1711) —2078(4) 6 570(2) C(35) 22202) 1.302(4) B094(2)
Approximate crystal s) 386(2) —2475(4) 6 586(2) C(36) 918(3) 34216 TEIN3)
dimensions (mm) 0.52 = Ci16) —651(2) 142(7) 6 546(4) C(37) 2788(2) 622(6) 8412(3)
Number of setting angles i 630(3) —3767(3) 6 606(4) N(40) = 3M2) 2265(5) 5 590(3)
0 range/” (cell dimensions) —10.24 < 20y 1549(2) —33%(5) 5TTU2) Oal) 136(1) 2 399(3) 6 1632)
(data collection) e N2 1509(2) 3) 5458(2) 0(42) =7172) 3031(5) 5486(3)
b range —24 o N22) 1099(1) 1 138(3) 5555(2) 0(43) -27202) 1385(5) 5217(2)
& range 0< C23) 1123(2) 2745(4) 5177(2) N(50} 196002) 3011(5) 3346(2)
§ came —22 4 Ci24) 1539(3) 2539(6) 4854(2) 051} 1 968(2) 4072(3) 360403)
Mumber of reflections: Ci25) 1786(2) 1 358(5) 5035(2) 01(52) 1 526(2) 2 345(6) 32012)
measurcd 61 €s) 743(3) 3859(6) 51393) 053 2417(2) 2613(5) 3337(4)
independent
observed 39 (b) Compound (2) (x 104
Final R 00 Ni 511K1) 3357(1) 7658(1) N1 2270(6) 1 531(4) 7437(3)
Final R’ 0 N1 4 516(6) 1 860(4) 6658(3) N(32) 2763(6) 2672(4) 7868(3)
<(10) 5885(9) 995(6) 7036(5) c(33) 1964(8) 2706(6) £528(4)
N(l1) 6173(6) 936(4) B049(4) C(34) 897(8) 15777} 8 516(3)
N(12) 6420(6) 2047(5) B 549(3) c(3s) 1 108(8) 827(6) 7812(4)
{13 6 802(8) 1 740(7) 9452(5) C(36) 2223(8) 3B05(T) 9165(5)
Ci14) 6RI8(11) 476(8) 9 522(6) c(3n 326(10) —423(6) 7459(6)
c(15) —15(6) 8625(5) N(40) 752108) 5107(s) 8 260(4)
C(16) TO92(10) 274148) 10 200(5) O{41) 6 084(6) 4914(4) 8518(3)
< 6 208(11) ~1311(6) 8 281(6) O(42) 8 610(T) 5982(5) £553(4)
©(20) 4684(10) 2395(6) 5790(5) Ofa3) 7 666(5) 4302(4) 7690(3)
Ne21) 3TN 35135) 5 656(4) N(50A) 1 902(9) 8 557(6) 5 048(5)
N22) 3928(6) 4195(5) 6453(4) Of314) 1307(7) 7942(6) 4339(5)
) 2971(9) 5 137(6) 6121(6) O(52A) 3333(10) £ TRO(E) 5620(7)
<(24) 2311(10) 505%8) 5134(6) O(53A) 573(14) 8 512(6) 5431(6)
€(25) ) 3985(7) 4357(5) N(50B) 2032(9) £ §82(6) 4874(5)
C(26) 2759(11) 6060(7) 6797(6) O(51B) 13537) £ 323(6) 4169(5)
27 2488(11) 3 385(8) 3912(5) O(52B) 3 281{10) 9 440(8) S 083(7)
C(30) 2652(8) 1313(6) 6 351(4) O(53B) 1492(14) £ 544(6) 5645(6)

Hand-typed tables of coordinates in journal articles manually transcribed into database records

Kleywegt et al. (1985) J. Chem. Soc,, Dalton Trans, 2177-2184 doi10.1039/DT9850002177

CCDC



Interactions of Tris Buffer with Nucleotides: The Crystal Structure of
Tris(hydroxymethyl)methylammenium Adenosine $'-Diphosphate Dihydrate’

Zippora Shakked,* M. A. Viswamitra, and Olga Kennard

ABSTRACT: The crystal and molecular structures of the Tris
salt of adenosine 5'-diphosphate were determined from X-ray
diffraction data. The crystals are monoclinic, space group P2;,
and Z=2witha=9.198 (2) A, b=6.894 (1) A, c = 18.440
(4) A, and § = 92.55 (2)°. Intensity data were collected on
an automated diffractometer. The structure was solved by the
heavy-atom technique and refined by least squares to R =
0.047. The ADP molecule adopts a folded conformation. The
conformation about the glycosidic bond is anti. The confor-
mation of the ribose ring is close to a perfect C(2')-endo-C-
(3')-exo puckering. The conformation about C(4')-C(5") is

’I;IE effect of the environment on the electronic and geo-
metrical properties of nucleotides is important for under-
standing the reaction mechanisms of biological systems in-
volving these molecules. The structure of the Tris [tris(hy-
droxymethylymethylammonium] salt of adenosine 5'-di-
phosphate (ADP)! was investigated as a part of our crystal-
lographic studies on the conformation of the ADP and ATP
molecules as a function of external factors such as metal ions,
buffering agents, and hydration. Other structures determined
s0 far are those for the monorubidium salt of ADP (Viswam-
itra et al., 1976), ADP free acid (Viswamitra & Hosur, 1977),

2568 BIOCHEMISTRY

gauche—gauche, similar to other nucleotide structures. The
pyrophosphate chain displays a nearly eclipsed geometry when
viewed down the P-P vector, unlike the staggered conformation
observed in crystal structures of other pyrophosphates. The
less favorable eclipsed conformation probably results from the
observed association of Tris molecules with the polar di-
phosphate chain through electrostatic interactions and hy-
drogen bonds. Such interactions may play an important role
in Tris-buffered aqueous solutions of nucleotides and metal
ions.

Table I: Crystal Data
stoichiometry g H,,N,0,,P,-C,H,,NO, 2H,0
b

space group P2,

z 2

@ 9.198 (2) A
b 6.894 (1) A
¢ 18,440 () A
g 92.55 (2
dq 1.65gem™
A 1.66 gom™?
1 (CuKa) 226 cm™t

SHAKKED, VISWAMITRA, AND KENNARD

Table Il:  Nonhydrogen Atom Coordinates and Fstimated Standard Deviations®

atom x ¥ z atom x iy z
N(1) 5308 (6) 1421 (11) 6162 (3) Pil) 1880 (2) —340) 1852 (1)
C( 3866 (8) 1412 (15) 6251 (4) O(11) 634 (5) 675 (8) 1379 (3)
Ne3) 2816 (6) 1493 (11) 5747 (3) 012 3269 (5) 1095 (8} 1840 (3)
C4) 3374 (6) 1600 (10) 5077 (3) 0(6") 2143 (5) —2196 (8) 1636 (2)
Ci5) 4803 (7) 1601 (11} 4915 (3) Pi2) 3350 (2) ~3748 () 1945 (1)
Ci6} 5863 (7) 1525 (11) 5482 (3) 21 3007 {5) -4218 (8) 2714 ()
N() 7245 (7) 1531 (13) 5403 4) 0023) 2954 (7) -5444 (9) 1430 (3)
N(T) 4954 (5) 1620 (11} 4168 (3) 0022) 4819 (5) —3046 (10) 1825 (3)
«(8) 3617 (7) 1663 (12) 3903 (3) C(10) 7852 (7) 5061 (12) 925 (4)
Ni9) 2588 (5} 1674 (10} 4418 (3) N(10) 6237 (6) 4822111) 749 (3)
C(l') 1006 (7) 1604 {12) 43301(3) 101 8209 (9) 4119 (13) 1665 (4)
ol 598 (5) ~310(8) 4150 (2 0(101} 7988 (7) 2090 (9) 1636 (3)
€2y 396 (7) 2922411} 3713 (3) C(102) 8148 (9) 7230(13) 991 (5)
(3 -923 () 1753 i11) 3436 (3) 0(102) 7516 (6) 8282 (9) 392 (3)
C4') —441 (7) 334 (12) 3525 (3) C(103) 8632 (8) 4049 (14) 310 (4)
SlEg] —2069 (3) 2212 (%) 3894 (3) 0(103) 10170 (6) 4059 (13) 464 (3)
() 93 (6) 4802 (9) 3941 (3) owil) 4853 (6) 5826 (9) —634 (3)
Cis') 241 (8) ~1222(13) 2886 (4) OW(2) 6378 (10) 88 (24) 2651 (4)
sy 1450 (4) -99 (8) 2672(2)

"% Allvalues are multiplied by 10*.

FIGURE 1: Stereoscopic view of ADP.

Z Shakked, M AViswamitra, O.Kennard, Biochemistry, 1980, 19,12, 2567-2571 DOI: 10.1021/bi00553a005
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Tables of bond lengths
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Tables of Bond Lengths determined by X-Ray and Neutron Diffraction. Part 1.

Bond Lengths in Organic Compounds

Frnnk H. Allsn. Olga Kennard and David G. Wats
phic Data

itson
Centre, U y Chemical Laboratory, Lensfield Road,

C’merﬂdgs CBZ TEW
Lee Brammer and A. Guy Orpen

School of Chemistry, University of Bristol, Cantock’s Close Bristol BS8 1TS

Robin Taylor

L.C.1. Plant Protection Division, Jealott's Hill

Station, 2 ire RG12 6EY

The average lengths of bonds invalving the elements H, B, C, N, O, F, Si, P, S, Cl, As, Se, Br, Te, and | in

‘organic compounds are reported.

The determination of molecular geometry is of vital importance
to our understanding of chemical structure and bonding. The
majority of experimental data have come from X-ray and
neutron diffraction, microwave spectroscopy and electron
diffraction. Over the years compilations of results from these
techniques have appeared sporadically. The first major compil-
ation was Chemical Socicty Speclal Pub!u:allon No. 11: “Tables
of ic Distances and C in Molecules and
Tons"." This volume summarized results obtained by diffraction
and spectroscopic methods prior to 1956; a supplementary
volume? extended this coverage to 1959. Summary tables of
bond lengths between carbon and other clements were also
published in Volume TIT of ‘International Tables for X-Ray
Crystallography’.* Some years later the Cambridge Crystallo-
graphic Data Centre* produced an atlas-style compendium *
of all organic, organometallic, and metal complex crystal
structures published in the period 1960—1965. More recently a
survey of gometries determined by spectroscopic methods® has
extended coverage in this area to mid- 1977

1923~ 2000
1964

year 1965 1870 1975 1980 1985

Figure 1. Growth of the Cambridge Structural Database 1965—1985
as no. of entries (nent) published in a given year

retrieved from the September 1985 version of CSD. Neutron

The of further h of X-
ray and neutron diffraction results has been precluded by the
steep rise in the number of published crystal structures, as
illustrated by Figure L Printed compilations have been
effectively superseded by computerized databases. In particular
the Cambridge Structural Database (CSD) now contains biblio-
graphic, chemical and numerical results for ca. 55000 organo-
carbon crystal structures. This machine-readable file fulfils
the function of a comprehensive structure-by-structure com-
pendium of molecular geometries. However the amount of data
now held in CSDis so large that there is also a need for concise,
printed tabulations of average molecular dimensions.

The only tables of average geometry in general use are those
contained in the Chemical Society Special Publications'* of
1958 and 1965, which list mean bond lengths for a variety of
atom pairs and functional groups. Since these carly tables
were based on data obtaincd before 1960, we have used CSD 1o
prepare a new table of average bond lengths in organic
compounds. The Table given here specificially lists average
Iengths for bonds invelving the elements H, B, C, N, O, F, Si, B,
S, Cl, As, Se, Br, Te, and I. Mean values are presented for 682
different bond types involving these elements. Average bond
lengths in and metal
will be presented in a later paper.

Methodology
Selection of Crystaliographic Data—All results given in the
Table are based on X-ray and neutron diffraction results

Allen F. H. et al.,
Orpen, A. C. et al,

data only were used to derive mean bond lengths
involving hydrogen atoms. This version of CSD contained
results for 49 854 single-crystals diffraction studies of organo-
carbon compounds 10324 of these satisfied the acceptance
criteria listed below and were used in the averaging
procedures.

(1! Structure is ‘organic’, e, belongs to CSD classes 1—65 or

(u) Atomic co-ordinates for the structure have been published
and are available in CSD.

(iii) Structurc was determined from diffractometer data.

(iv) Structure does not contain unresolved numeric data
errors from the original publication (such errors are usually
typographical and arc normally resolved by consultation with
the authors).

(v) Struciure was not reported to be disordered.

(vi) Only structures of high precision were included on the
basis of either () crystallographic R factor was <0.07 and the
reported mean estimated standard deviation (es.d.) for the
C-C bond lengths was <0.010 A (corresponds to AS flag = 1
or 2 in CSD), or (b) crystallographic R factor <0.05 and the
mean es.d. for C-C bonds are not available in the database
(AS = 0in CSD).

(vii) Where the structure of a given compound had been deter-
mined more than once within the limits of (i}—(vi) then oaly the
most precise determination was used.

Program System.—All calculations were performed on the
University of Cambridge 1BM 3081D computer using the

Chem. Soc. Perkin Trans. 2 S1(1987). doil10.1039/0298700000s]

1. CHEM. S0C. DALTON TRANS. 1989
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Tables of Bond Lengths determined by X-Ray and Neutron Diffraction. Part 2.1
Organometallic Compounds and Co-ordination Complexes of the d- and

f-Block Metals

A. Guy Orpen * and Lee Brammer

Department of Inorganic Chemistry, The University, Bristol BS8 1TS
id G. Watson

FrankH Allen, Olga Kannard and Davi
Data Centre, U

C.EZ TEW
Robin Taylor

y Chemical L

y. Lensfield Road, Cambridge

1.C.1. Plant Protection Division, Jealott's Hill

Station, | Berkshire RG12 6EY

Average lengths for metal-ligand bonds are reported, together with some intraligand distances, for
complexes of the d- and f-block metals. Mean values are presented for 325 different bond types
involving metal atoms bonded to H, B, C, N, O, F, Si, P, 5, Cl, As, Se, Br, Te. or | atoms of the

ligands.

The determination of molecular geometry is of vital importance
to our understanding of chemical siructure and bonding. The
majority of experimental data have come from X-ray and
neutron diffraction, microwave spectroscopy, and electron
diffraction. Over the years compilations of results from these
techniques have appeared sporadically. The first major compil-
ation was Chemical Society Special Publication no. 11: “Tables
of Distances and C in Molecules and
lons." ' This volume summarized results obtained by diffraction
and spectroscopic methods prior o 1956; a supplementary
volume? extended this coverage to 1959, Summary tables of
bond lengths between carbon and other elements were also
published in volume 3 of ‘International Tables for X-Ray
Crystallography.'* Some years later the Cambridge Crystallo-
graphic Data Centre* produced an atlas-style compendium
of all organic, organometallic, and metal complex crystal
structures published in the period 1960 1965.% More recently
asurvey of geometries determined by spectroscopic methods®
has extended coverage in this area 1o mid-1977. A notable
compendium of structural data, without geometric information,
was given in ‘Comprehensive Organometallic Chemistry,””
covering all complexes with metal-carbon bonds. The BIDICS
series,” which finished in 1981, ided for some years a full
coverage of metal complexes giving both bibliographic and
geomelric information. There have also been valuable annual
summaries, w.t}mm geometric information, on the structures of
mined by ¢ i mclhcds
The ion of further of X-
ray and neutron diffraction results has been precluded by
the steep rise in the number of published crystal structures,
as illustrated by Figure 1. Printed compilations have been
effectively susperseded by computerized databases. In particular
the Cambridge Structural Database (CSD) now contains
bibliographic, chemical, and numerical results for some 70 000
arganocarbon crystal structures. This machine-readable file
fulfils the function of a comprehensive structure-by-structure
compendium of molecular geometries. However the amount of
data now held in CSD is so large that there is also a need for
concise, printed tabulations of average melecular dimensions.
The only tables of average geometry in general use are those

0. 50 000 5
1965 1970 1975 1380 1985

Figure 1. Growth of the Cambridge Structural Database as number of
entries increases annually. The structures containing d- or f-blogk
metals are indicated by shading

contained in the Chemical Society Special Publications ' of
1958 and 1965, which list mean bond lengths for a variety of
atom pairs and functional groups. Since these early tables were
based on data obtained before 1960, we have used CSD to
prepare a new table of average bond lengths in organic
compounds'® and in metal complexes. The table given here
(Table 3) specifically lists average lengths for metal-ligand
distances, together with intraligand distances, involving bonds
between the d- and fblock metals (SﬁZn Y-Ci

Ce-Lu, and Th-U) and atoms H, B, C, N, O.

Se, Br, Te, and L of ligands. Mean values are presented for 325
different bond types invalving such metal -ligand bonds

Methodology

Selection of Crystallagraphic Data—All results given in
Table 3 are based on X-ray and neutron diffraction results
retrieved from the September 1985 version of CSD. Neutron
diffraction data only were used to derive mean bond lengths
involving hydrogen atoms. This version of CSD contained
n:sulls for 49 854 single-crystal diffraction studies of organo-

+ Part 1 is ref. 10

Chem. Soc. Dalt. Trans. O, ST (1989).

arbon 802 of these satisfied the acceptance
cnl:na listed below and were used in the averaging procedures

1 L
® d ®

The production of further comprehensive compendia of X-
ray and neutron diffraction results has been precluded by the
steep rise in the number of published crystal structures, as
illustrated by Figure 1. Printed compilations have been
effectively superseded by computerized databases. In particular
the Cambridge Structural Database (CSD) now contains biblio-
graphic, chemical and numerical results for ca. 55 000 organo-
carbon crystal structures. This machine-readable file fulfils
the function of a comprehensive structure-by-structure com-
pendium of molecular geometries. However the amount of data
now held in CSD is so large t ere is also a need for concise,
printed tabulations of avera ecular dimensions.

the amount of data now
held in CSD is so large that
there is also a need for
concise, printed tabulations
of average molecular
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1980s - The start of database publications

.Q-) CCDC ConQuest (1) : search1 [Search] — O pe
File Edit Options View Databases Results Help
Build Queries . Combine Queries . Manage Hitists = View Resulis
CLTPOCO1
ANlTEXt  peteode: CLTPOCOT CSD version 5.38 (November 2016) { -
AuthortJournal Analyse Fithst
~
Chemical Author(s) || escarennas v’ AMECOP02
Crystal v CIMETDO02
e Reference CSD Communication(Private Communication) (1980}, ,
Experimental
Cap Hag Cl Co O, P.
Formula 36 3p U C0 0k
Diagram
3D Visualiser bis(Triphenylphosphine-oxide)-dichloro-cobalt(ii)
Comp d
CSD Internals
Search Overview Spacegroup Name: Fdd2 Humber: 43
x 20730(2) b: 32947(6) ¢ 9.761(2)
Cell alpha:  90.00 beta: 90.00 gamma: 90.00
Volume: 6666.678
a: 9.761 b: 11457 e 17.181
Reduced Cell alpha: 83.05  beta: 7250  gamma: 64.79
Volume: 1666670
Molecular Volume |833.335
Chemical Units |1
Z,z Z: 8.0 z: 05
R-Factor (%) 49 << >>
Temperature (K) |RoomTemp. (283-303) v 6 hits
e | TN
Stop Search |

®
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Database publications today...
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1990-1999

* CSD reaches 100,000 and 200,000!

250,000

200,000

150,000

JUGCET

100,000 ~
Organic
50,000 H 6
_
O - Single component
56%
M.Walton, Chem.Commun. 1992, 1534, < < I )( :

# published structures

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

b
=

M.F.Meidine, P.B.Hitchcock, HW .Kroto, R.Taylor, D.
DOI:10.1039/C39920001534



A hew milestone

VAVFAZ
The 200,000
entry added

to the CSD

LA Paqguette, D.C.Bolin, M Stepanian, BM.Branan, UV.Mallavadhani, Jinsung Tae, SW.E.Eisenberg,
R.D.Rogers, Journal of the American Chemical Society, 1998, 120, 11603, DOI: 10.1021/ja981756p
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Kroto, Curl, and Smalley )

19905 fu I |ereneS were avvarded the 1996 S .
5 their roles in the discovery of =~ .,

this class of molecules. s "

JUGCET
C70fullerene from
1997

=Any fullerene

—=Co0fullerene

150

B 100

* First discovered in 1985 -0
* First fullerene structures published in 0

1991

e 11 structures in 10 articles

M)
O
NN

AL Balch, VJ.Catalano, Joong W.Lee, MM Olmstead, S.R.Parkin, JAmM.Chem.Soc. (1991), 113, 8953, < < I N

doi10.1021/ja00023a057

1991
1993
1995
1997
1999
2001

2003
2005
2007
2009

201
2015
2017



The rise of MOFs P
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Society, 2018,140, 6194, DOI: 10.1021/jacs.8b02192
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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. DO 10.1021/acs.chemmater.7b0044]

decade to an estimated number of ca. 70 000 materials, vide
infra. This trend is only going to increase even further as the
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Crystallography becomes more mainstream

* Data commonly reported in
supplementary PDF files

» Crystallographer not always an author

The First Non-Pyrolytic Synthesis of a
Semibuckminsterfullerene

Andrzej Sygula and Peter W. Rabideau* |

The considerable amount of research attention given to Cg and
Department of Chemistry, Louisiana State University the fam_ily of fullerenes has led to a growing interest in pol:vnuclear
-2 3 ’ aromatic hydrocarbons that may be considered to be fullerene

Baton Rouge, Louisiana 70803 fragments; that is, aromatic hydrocarbons with carbon frameworks

| Received August 11, 1998 | that can be identified on the buckminsterfullerene surface.'

Indeed, this prediction was confirmed by X-ray crystal structure
determination (Figure 1).* In contrast to the failure with 9,
dodecabromo 10 did, in fact, lead to modest yields of the
semibuckminsterfullerene framework under treatment with low-
valent titanium or vanadium. The major isolated product of the
reductive coupling of 10 is (aromatized) 2, accompanied by some
dihydro-2 and also by some incompletely cyclized byproducts.

Figure 1. ORTEP drawing of 10. The solvating toluene is not shown
for clarity.

Acknowledgment. This work was supported by the Division of
Chemical Sciences, Office of Basic Energy Sciences, U.S. Department
of Energy. [We also thank Dr. Frank Fronczek for determination of the|

[ crystal structure of 10]

Tianniu Chen, Zhongzhi Wu, Liting Li, KR.Sorasaenee, J.B.Diminnie, Hongjun Pan, LAGuzel,

AL.Rheingold, Ziling Xu, JACS, 1998, 120, 13519, DOI: 10.1021/]a9825/11
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Table 25 Atomic coordinates [ x 10°] and equivalent isotropic
displacement parameters [Az x 103] for 3. U(eq) is defined as g ® ”
one third of the trace of the orthogonalized ui__j tensor.

]

X y z U(eq) 2

I} 1166.2(1) 7471.5(2) -6424.7(9) 25(1) B
51 -325.2(8) 7259(1) -5776(2) 24(1)
o] 844(2) 7446(3) -8267(5) 33(1)
c(1) 1787(4) 6550(6) -6084(9) S6(3)
c(2) 2010(4) 5977(6) =7419(11) 46(2) @
C(3) 1500(5) 5448(8) -7980(18) 106(6) IR
C(4) 2250(6) 6429(8) -8817(16) 113(6)
C(5) 2532(4) 3454(6) -6830(13) Ja(a)
C(6) 1577(4) 8567(6) -6049(9) 46(3)
C(7) 1767(4) 9080(5) -7499(10) 39(2)
C(8B) 2178(4) 9754(5) -6914(12) 5B(3)
C(9) 1221(4) 9431(6) -8346(13) 57(3)
C(10}) 2144(4) B599(6) -8720(11) 52(3)
Cc(11) 4BB(3) T361(4L) -4977(8) 26(2)
c(12) 667(3) 7357(5) -3157(8) 35(2)
C(13) 1340(3) 7553(6) -2803(10) 32(3)
C(14) 287(3) 7969(5) -2213(9) 43(2)
C(15) 361(4) 6539(5) -2455(9) 48(2)
c(16) -486(3) 6312(5) -6896(9) 30(2)
C(17) -1180(3) 6190(6) -7091(12) 56(3)
c(18) -205(3) 6276(5) -8601(9) 37(2)
C(19) -209(4) 5613(5) -5955(11) 48(3)
C(20) -952(3) 7322(5) -4170(9) 29(2)
C(21) -1355(3) 7966(6) -4124(10) 38(2)
c(22) -1839(3) 8007(6) -3050(10) 46(2)
c(23) -1943(3) 7402(6) -1976(9) 47(2)
C(24) -1561(3) 6771(6) -1988(11) 49(3)
c(25) -1075(3) 6730(5) -3060(10) 41(2)
C(26) -466(3) 8154(5) -7074(9) 28(2)
c(27) -270(3) BB63(5) -6452(13) 39(2)
C(28) -391(4) 9556(6) -7219(13) 53(3)
c(29) -693(4) 9542(6) -8662(13) 57(3)
G(30) -883(4) B873(7) -9291(11) 53(3)
C{31) -789(4) B181(6) -8496(10) 41(2)
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1990s - A standardised data format Co

Acta Crysr. (1991). Ad7, 655-685

Commi

Abstract

The specification of a new standard Crystallographic
Information File (CIF) is described. lts development is
based on the Self-Defining Text Archive and Retrieval
(STAR) procedure [Hall (1991). J. Chenr. Inf. Comput.
Sei. 31, 326-333]. The CIF is a general, flexible and
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Introduction

There is an increasing need in many branches of science
for a uniform but ficxible method of archiving and ex-
changing data in electronic form. Rapid advances in com-
puter (echnalogy, coupled with the expansion of lacal,
national and international networks, have fuelled the need
for such a facility. The variety and relative inflexibility
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1991 - New search functionality ©

* The development of
molecule sketching and
visualisation

 Text editor
« Quest

* Introduction of sketch
searches was guite
revolutionary

The development of versions 3 and 4 of the Cambridge Structural Database system. F. H. Allen:; J. E.
Davies; J. J. Galloy: O. Johnson; O. Kennard; C. F. Macrae; E. M. Mitchell: G. F. Mitchell: J. M. Smith; D. C. | )

Watson; J. Chem. Inf. Comput. Sci.; 31;187-204: 1991 10.1021/ci00002a004



1994 - VISTA

* A program for the
analysis and display of

data retrieved from the
CSD

* Allowed trends in

molecular geometry or
intermolecular

interactions to be plotted
and correlated

CCDC



1997 — A knowledge base

lsostar - A Knowledge Base of
INtermolecular Interactions

« Uses the wealth of information in:
 Cambridge Structural Database
* Protein Data Bank (protein-ligand complexes only)
» Allows you to investigate the frequency and
characteristics of intermolecular interactions
between pairs of chemical groups

Isostar: A library of information about non-bonded interactions Bruno |. J., Cole J. C, Lommerse J. P.
M., Rowland R. S, Taylor R.and Verdonk M. L. (1997) J. Comput.-Aided Mol. Des,, 11, 525-557

CCDC



2000s ik

™ S
Blu-royDisc =)
IKIPEDIA
The Free Encyclopedia

You({ /3

https//iwww.techrepublic.com/pictures/tech-nostalgia-the-top-10-innovations-of-the-2000s/10/ < < I ><




2000-2009 - 12 way to a million

« CSD doubled in size
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2000 - ConQuest and the desktop revqlﬁtib_@
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2001 - New software to visualise structures

| [

Style: | Ball and Stick | Colour: | by Element || ||Picking Mode: | Select ~|  Clear Measurements
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Visualisation today

Learning point-group symmetry through 3D printed models

Click to download the worksheet for use in the classroom

Click to download the answer key

This module was developed by Anton Savchenkov and uses 3D printed models
Shapeways site.

HCSDADPrint

3 9 POINT GROUP:
i SYMIMETRY
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2004 - A second knowledge base

« Mogul contains geometrical information (bond lengths, angles
and torsions) derived from structures in the CSD

File Sesrches Datobases Help

- CCDC Mogul 1.6.1: Draw? - olEl
File  Searches ases  Help

al fragments.

.........................

= == &Eﬂ]
. % 135 e

ccccccc

lan Bruno, Robin Taylor & many others ‘ < | N



Using the knowledge base today
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Knowledge from the collection?

Can structural knowledge mitigate risk?

Different ‘ Different solubility
INnteractions Different stability

Bauer et al. Pharm. Res,, (2001) 859, DOI:10.1039/B910882C

)

Manufacturing problems hit
Abbott’s HIV drug ritonavir

Lt X

C;\psulcs of Abbott Labora-
torics’ protease inhibitor
Norvir (ritonavir) are likely to
become unavailable by the
middle of August. The compa-
ny has a problem with the man-
ufacture  of the anti-HIV
capsules which it cannot re-
solve at present.

Capsules unlikely to be available from mid-August
The problem relates to “undesirable” ples from a numocer of marketed batches of
crvstal formation. Abbott says that a series  capsules were examined and there was no

CCDC




The start of solid form informatics

 The term “solid form informatics” was first
iINntroduced in Mid-2000s

« Use of structural knowledge to inform key decisions
N pharmaceutical development

* Now a key part of the solid form development
workflow at most major pharmaceutical
companies

Molecule

Particle

Jourral of Pharmacy
And Pharmacology

The integration of solid-form informatics into

solid-form selection

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

*The Cambridge Crystallographic Data Centre, Cambridge, “Pharmaceutical Science, Plizer Global R&D, Sandwich, UK and ‘Pharmaceutical

Science, Pfizer Glabal R&D, Groton, USA

Keywords
Cambridge Structural Database;
quality-by-design; solid-form informatics;
solid-form selection
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Knowledge-based approaches to co-crystal designf

Cite this: CrystEngComm, 2014, 16. <
5839 and Elna Pidcock

Received 12th February 2014, The use of knowledge-based methods has been intimately connected with the field of co-crystal design

Accepted 10th March 2014 since the seminal papers of Etter and Desiraju in the 1990s. Here we explain and exemplify how rational
co-crystal design has been carried out in the past using crystal structure knowledge as well as presenting
emerging methodologies for knowledge-based co-former selection.

DO 10.1039/c4ce00316k

www rsc org/erystengcomm

1. Introduction

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

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

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

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

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

Peter A. Wood,* Neil Feeder, Matthew Furlow, Peter T. A. Galek, Colin R. Groom

Abstract

Objectives To demonstrate how the use of structural informatics during drug
development assists with the assessment of the risk of polymorphism and the
selection of a commercial solid form.

Methods The application of structural chemistry knowledge derived from the
hundreds of thousands of crystal structures contained in the Cambridge Struc-

* ow the compari-
the usc of Full
of hydrogen
fiwarc tools
the Solid

ROYAL SOCIETY
- CHEMISTRY

View Article Online Rt in the

View Journal | View lssue

the structure of a synthetic (-C-arylglucoside published by
Deshpande and co-workers in 20127 This crystal structure
contains water, ethanol, a zwitterionic component and a
neutral API, so could be described as a co-crystal, hydrate,
solvate, zwitterionic salt or all of the above. Practically, the
definitions used will also vary based on the application of the
resulting co-crystal and the approaches for co-crystal design.
In this paper we focus mostly on systems where all the com-
ponents are neutral, organic species and point out if any
further assumptions or requirements are added through the
use of a certain design method.

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

CCDC



Predicting unlikely interactions G T

Predictive analytics is used to identify the likelihood of specific molecular interactions

occurring from similar crystal structures

Ureido
Carbamate

Thiaz:'lA o H j:/ i #” Thiazoyl B
O T oK

Hydroxy

Form |l 32% /" 409

Ureido
Carbamat

Thiazoyl A i " . j
G | N H N/ Thiazoyl B
i Ir ENZ\"<

Hydroxyl s

Galek et al, CrystEngComm, (2009), 11, 2634 - 2639

The integration of solid-form informatics into
solid-form selection

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

One in half a million: a solid form informatics study of a pharmaceutical
crystal structure

Peter T A Galek,*@ Elna Pidcock® Peter A Wood,® lan J. Bruno® and Colin R. Groom?®

Navigating the Solid Form Landscape with Structural Informatics
Peter T. A. Galek, Elna Pidcock, Peter A. Wood, MNeil Feeder, Frank H. Allen

Book Editor(s): Yuriy A. Abramov

Knowledge-based H-bond prediction to aid experimental polymorph
screening

Peter T A. Galek*3 Frank H. Allen,® L&szI6 Fabian®® and Meil Feeder©
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The 2000s - The CSD on the web

Search||Similarity Search|[Text/Numeric Search||Reduced Cell Search||Browse|[Settings|[News]|[Help||Admin]

| € Browse C5D

| .J Photolysis of diarylvinvlcyclopropenes ...

| € ) Structu

99€ 9 CCDC Structure Request

CCDC Structure Summary for 267326-267328

J.Cluster Sl (20067, 17, 13

From this page you can either access entries in WebCSD or request the deposited CIF

E | space Group | CIF Available ﬁ

| | 267326 |[17.3470| 13.5600)| 16.6920 | P21/c | ves
| | 267327 [9.9570 |19.1650( 14.7870| P21m | ves
| |267328 [9.7940 |10.4470( 147060 P-1 | ves

Renuest selected CIFs |

e 1n WWehCSor | *If wour organisation has an unlimited site licence for the C50 Sy

IDEZEX : (|.J3-I"|2-CYC|DhE}{EﬂE-1 2-diyl)-his( pz-rydrido)-nonacarbonyl-tri-ruthenium
F.R.Raithby, J.Lewis, CA Morewood, M.C.R.de Arellano, G.P.Shields; J.Cluster Sef (2006), 17, 13,

doi:10.1007/510876-005-0025-%

Hide “iewer |

Diagram

“iewer Expart  Options Help

Identifier IDEZEX
T N5450901 - Batch 691
Identifier

Source Database

as831be

Reliability Score

Explain score

PR Raithby, J Lewis, C.A Marewood,

Author(s) M.C R de Arellano, G.P . Shields
Reference J.Custer Sel, (2008), 17, 13,
doi10.1007/510876-005-0025-%
Formula Cqs Hio Og Rus
2 . )
Compound (M3-1"- Cyclohexene-1,2-diyl)- bis(po-

hrydrido)- nonacarbomyd-tri-ruthenium

Space Group

F 2ic

| Capped Sticks »| |No Lahels
Hydrogens M Disorder [
Launch External viewer |

[

Cell Lengths a 1734741 b 13.560(4) ¢ 16.692(4)
Cell Angles a90p92Ti2)y 50

Cell Volume 3921.79

ZZ Z8Z 2

R-Factor (%) 3.84

SMILES

[H]1[RU]234(C#0)
(C#0)(CHOICER=C2(CCCCE)

[Ru213(H] _ + |

CCDC




Usage

WebCSD vi

® Substruchure
TexdMumeric

w Sirmilarity
Reduced Cell

= Download

Time

* Arange of search
options
o Structure
e Text numeric
 Reduced cell
« Similarity
« Starts to become
used in education
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Favourite structure searches.....
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HOTGOO
STRICT
GINGER
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Wiley Online Library
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McEervey, & B Maguire, 3. 3L Tuladhar and I Fiona Twohig, £ Cheem. SH
1047-1054 DOT: 10.103%P 19200001047, (&) H. Duddeck, J. Chern Soc.,
10551063 DOT: 10.103%P13200001055; () P. Panne and J. 3. Fox, J A
Ezxternal Linkcs.
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This jowrnal is © The Roval Society of Chemistry 2009

ilened a cne-pot method to perform the two successive benzyne cycloadditions
B 35[15] giving the bis-cycloadduct 15 In 44 % yleld, which Is slightly higher than that abtalineg
repwise method (see preceding: 41 % yield In twa steps). Bls-cycloadduct 15 was subjected to
e aramatizatlon (TICs, Zn, THR, RT, 1 hi[ 18] followed by hydrobysis of the sl acetal (ag. HF,
rile, 0 *C, 1 hj, gving benzocyclobutenone 16 In 78 % yleld. At this stage, the structure was
guously recenfirmed by single-crystal X-ray diffraction analysls, Ketone 16 was then

ed o oxime 17 (MHzOH-HC, pyridine, MeOH, 60 °C, 18 h) in 88 % yield as a single isomer, for

16 M. A. Meador, H. Hart, . Org. Chem. 1989, 54, 2336-2341. im
B
I CrossRef | CAS | Web of Science® Times Cited: 16 | 'ejournals@cambridge -
| find full text
S
17 CCco ) contains the supplementary crystallographic data for this
pape can be obtained free of charge from The Cambridge
Crystallographic Data Centre.
18 Nitrile oxide 18 could be stored at -18 °C for at least one month.
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« CSD reaches 1 million structures
« On course to double in size again
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Wei Wang, Haofu Zhu, ShuYa Liu, Zhiguo Zhao, Liang Zhang, Jingcheng Hao, Yao Wang, Journal < < I N
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Teaching Three-Dimensional Structural Chemistry
Using Crystal Structure Databases. 1. An
Interactive Web-Accessible Teaching Subset of the

Cambridge Structural Database

Gary M, Battle® and Frank M. Allen

Cambridge Crysiollogrophic Dot Cartes, 17 Uniom Rood, Cambridge CRZ 1E7, United Engdom
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Gregory M. Ferrence
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Teaching 3D structural chemistry using crystal structure databases: 1. An interactive web-accessible
teaching subset of the Cambridge Structural Database . G. M. Battle, F. H. Allen, G. M. Ferrence, J.

File Filter Help

Find Entry  CAFINE
P i
BUPQAED!
CAACTY

CACWOS
CADVEl
CAFINE
CAFROR
CAMHFA
CANAPO1
CAQTET
CARQOB
CARTENDZ
‘CATCOL13
CBMZPNO1
‘CEMZPNO2
CEMZPNOY
CemZPNT0
CBMZPNTY
CBMZPN12
CCXAPT
cEBGUL
ceczep
ceczm
CEFX0A
CeWTAKIO v

o

Chem. Ed., 87, 809-812, 2010 10.1021/ed100256k

structure type

all structures

organic

metal-organic

organic structures
carbohydrates
nucleosides/nucleotides
amino acids and peptides
porphyrins/corrins
steroids

alkaloids

organic polymers
“drug” or “activity"”

“polymorph” or “form”

500
331

161

29
13
12

10

42

80

fraction (%)

100.0
06.2

322

1.6
1.2
58
2.6
2.4
2.0
1.6
8.4

16.0

dol 10 1107/30365110X58001286

2C0O

NS acivity

CCDC



The CSD teaching subset today T

« 750+ Structures for educational purposes

Drug molecules
Fundamental Chemistry
symmetry

Metal-Organic Frameworks

A
NAME
ACABRH02
ACAJIX
ACALDA
ACANILOL
ACAQUR
ACARBMO1
ACASED
ACAZEK
ACCAAH
ACCTHP
ACENYLO1
ACEPOO
ACEQIl
ACETACO7
ACETPH

F

- Point Groug. -

Cau
G
Cs

Ca

-

Information on the Teaching Subset

G H |
Teaching Sheet - Compound Name - Common Name
Metal Coordination  Acetylacetonato-dicarbonyl-rhodium(i)

Transition Metals (oct tris(2-(4-fluoromethylphenylene)-5-triflucromethylpyridine)-iridium
Acetaldehyde-ammonia trihydrate 2,4 6-Trimethyl-hexahydro-1,3,5-triazine trihydrate
Acetanilide
Metal Coordi bis(2-(2-Meth h
VSEPR Shapes (tetraht Ammonium carbamate
Metal Coordination  bis{Hydrogen tris(3,5-dimethylpyrazolyl)borato)-(bis(trimethylsilyl)amido)-uranium{iii) tetrahydrofuran solvate
Metal Coordination catena-[bis(mul2$-Bromo)-(mul25-ethylene-1,2-diamine)-di-silver(i)]
Acetylenedicarboxylic acid dihydrate
3-Carboxy-2-acetyl-thiophene
Geometric Isomers (ci Acenaphthylene
Functional Groups (ar 5-Bromo-1,3-dichlore-2-iodobenzene
Transition Metals (oth bis(1,2-bis{Dimethoxy)ethane)-di-iodo-tetrahydrofuran-thulium
Molecules of Interest  Ethanoic acid

nido)-4-(2-methoxyphenylimino)pent-2-ene)-calcium

Acetic acid; DrugBank: DB03166

Functional Groups (ke Acetophenone PDB Chemical Component code: ACO

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

YT
® d L L
)
o f s, Eoncaste
Az-Introduction to “Access Structures™ _oundatien .
The full CSD database, maintained by the Cambridge Crystallographic Data Centre, contains ®
‘over 800,000 real crystal structures. The full CSD ires the of an
annual site licence, but individual structures may be viewed and manipulated free of charge
using the “Access Structures™ option on the CCDC website. It uses a JSMol viewer, thus
enabling them to be viewed on both Windows and Apple devices.
L]

Getting Started

1. To use the CSD “Access Structures” function you will require a computer or laptop or
tablet with access to the internet.
2. You will then need to find CSD “Access Structures” page using one of these two methods: ®
. Type in the web address https://www.ccdc.cam.ac.uk/structures.
. Type into a search engine such as Google “csd access structures” and click on the
link that says “Access Structures”.

Basics 209¢

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

CSD entry: CAFINE

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

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

You will notice that caffeine alse has an H;O molecule
incorporated to the crystal structure which appears to have no
The ‘Labels’ drop-down can be hydrogen atoms! Older X-ray experiments could not pick up the
used to label different atoms in  minimal electron density around the hydrogen atoms, so they
the molecule. weren't able to be resolved and therefore could not be included in
the calculated crystal structure.

O

{ TOP TIP! \
When loaking at same crystal .

structures on the database there will

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

be two species on & refods, you may
only need to look at one of them. The
‘two species are fons; ane is a positive
ion and the other is a negative jon_Itis
of caurse not possible to have ane ion
without the opposite ‘counter ian’.

rvp——

Produced by Peter Hoare at Newcastle University

CCDC



The CSD on the web today

C C DC € FizKarlsruhe

Fizkarsuhe  — CSD Entry: KITTEN

Licensed to: CCDC Main Site
Simple Search

Structure Search Unit Cell Search Formula Search

Your query was: |dentifier(s): KITTEN and the search returned 1 record

Modify Search New Search

KITTEN : 4,4,5,5-Tetramethyl-2-(phenylethynyl)-1,3,2-dioxaborolane
Space Group: P 24/c (14), Cell: a 19.9704(9)A b 16.0870(7)A ¢ 13.1750(6)A, a 90° § 107.375(2)° y 90°

3D viewer

Chemical diagram

CH, CH,
HC. ACH,
S -
o, A
C
C
Ph
Style Labels Packing Measure
Capped Sticks » || No Labels v || None v | None v

© View group symbols key

CCDC



FAIR data and interoperability

| WP AC

FIND, ACCESS, AND REUSE DATA

ORCID

InChl for
Chemical
Structures

DOls for Digital
Objects

ORCID iDs for
Researchers

™ COvAL SOCIETY
e OF CHEMISTRY

.~ 4
WILEY

Ll
ELSEVIER

@ Springer

THOMSON REUTERS

ChemSpider

Pub@hem

W O RLDWIDE

PDB

PROTEIN DATA BANK

Wilkinson, M. D. et al. The FAIR Guiding Principles for scientific data management and stewardship. Sci. Data 3:160018 DOI:
10.1038/sdata.2016.18 (2016)

DATA SHOULD BE

Findable Interoperable

BY HUMANS AND MACHINES

Pub@hem Ritonavir (Compound)

1.3 Crystal Structures

Showing 10f 4 View More [/}

€CDC Number 710527
Crystal DOI:10.5517/cerve?5

Associa

rticle

DOI:10.1023/A:1011052932607
2.1.2 InChl

@z

INChi=1S/C37H48NB0552/¢ 1-24(2)33(42-36(46)43(5)20-29-22-49-35(40-20)25(2)4)34(45)39-

)25(3)4).
28(16-26-12-8-6-9-13-26)18-32(44)31(17-27-14-10-7-11-13-27)41-37(47)48-21-30-19-38-23-
50-30/h6-15,19,22-25,28,31-33,44H,16-18,20-21H2,1-5H3,(H,39,45)(H.41,47)

(H,42,46)/t28-,31-,32-,33-/m0y/s1
C C .: C



Joint CSD and ICSD services

Search Q Register

Community + Research & Consultancy ~ Solutions + News & Events + Support & Resources ~ The CCDC ~

Home ' News & Events | News ' Free, unified deposition and access of crystal structure data

Free. unified deposition and access of crystal structure data

The Cambridge Crystallographic Data Centre (CCDC) and FIZ Karlsruhe — Leibniz Institute for Information Infrastructure
(FIZ Karlsruhe) today announced the launch of their joint deposition and access services for crystallographic data across
all chemistry. These services will enable researchers fo share data through a single deposition portal and explore all
chemical structures for free worldwide

“With this jol a from
crystallogral . data for all
et Over 180,000 entries g&
Karlsruhe ?

expectation

e from the Inorganic

information
Failing that]

mam  Crystal Structure @
wsés Database (ICSD) W

blurred, for s, and

it now available o

As a result,

erone

B through Access  =u
Structures o

= L T = a2 T e L gembers and
the ability for depositors to choose to share their data immediately through an appropriate database. Alternatively, data
destined for inclusion in a scientific article is automatically shared at the peint of publication through workflows with most
major publishers. Anyone looking for structures previously stored in the FIZ Karlsruhe depot can still find them using the
published depot number.

nin

( ( >< cFIZKarlsruhe |CSD Entry: 60767

The Cambridge Crystallographic Leibz Institut forInformatin infastructure
Centre.

‘Your query was: Identifier(s): 60767 and the search returned 1 record.

Results ICSD 60767 : ICSD Structure : (Os Vz), @
. Space Group: P m mn (59), Cell 1.512A b 3.564A ¢ 4.368A, '90.0° B 90.0° ¥ 90.0°
Database Deposition
&  Identifier Number
ICSD 60767 1553062

3D viewer Chemical diagram

Downl

Joint

Access

style Labels Packing Measure
Balland Sick | (NoLabels  +|(None  v|(None v

@ View group symbols key

c ( )c c:FIZKarlsruhe EE Bl Register

The Camtidge Copmalognenc Lelbniz nstitute for Information Infrastructure

Upload @ Check Syntax @ Validation @ ~dd Publication © Enhance Data @ Review © suwnmit

CIF deposition and validation s

L]
This web service enables you to submit CIF files and associated structure factg J O I I I t

« Files should be in CIF, HKL, RES, FCF, Word format and may be includg
= Atleast one CIF file must be included in the submission
All files submitted on one form should cerrespond to one publication of

. .
There is a limit of 50 MB per file and a limit of 100 MB for the total size o|
If possible structure factor data for all structures should be included in th I I I l
You may also revise unpublished structures using this service

For more please see our Structure Deposition P

You can correct syntax errors, check the integrity and novelty of your data and
can be generated and downloaded along with the edited CIF files at the end of the process. After submitting your deposit you will receive your deposition numbers within 2 working
days. To view structures you have previously deposited. go to My Structures.

Prior to publication your data will be stored confidentially but it will be accessible by referees and the publisher assigned to review your data using our secure Referee Service. At the
point of publication your deposited data will be made publicly available through our Access Structures service. In addition organic and metal-organic experimental structures will be
curated into the Cambridge Structural Database and inorganic experimental structures will be curated into the Inorganic Crystal Structure Database.




2010 - The launch of online deposition " - =

. o .
Depositing CIF Files Through the Web “
The CCDC is proud to announce a new to syntactic checking, the structure-deposit the new web page can be found via. the N
means of depositing CIF structure files. This interface allows users to add any important  ccpC web-site or by visiting 3
web-based system has been introduced to additional information about their structure, www.ccde.cam.ac.uk/ser y
provide in-situ help to users depositing new in a convenient and easy-to-use form. This

data. Depositors can now upload and verify  product also currently offers Mandarin
their CIFs using built-in technology based on  speakers the opportunity to deposit
CCDC'’s free CIF editor, EnClFer. In addition structures in their mother-tongue. Links to

Dr Chris Harding, Scientific Software Engineer

CCDC



Online deposition today

1 Login 2 Upload 3

Check Syntax

4 Validation

@ Add Publication

@ Enhance Data

@ Review

Check Sy

Validation

View reports on the consistency and integrity of your structures

Structure

structured1.cif

data |

structure02.cif

data_sa2906c

data_sa2906a

data_sa2906b

data_sa2906g

IUCr checkCIF @ S

View Report

View Report

View Report

View Report

View Report

Enter Response

Enter Response

Enter Response

Enter Response

Mo Response Required

Unit cell check @ @

View Hits

View Hits

@
= L
@
ot
& [\ | = »
. o
©
e D =
|
° pr
. ¢®
o Submit -
@
» =
Y »
[ B
) @ ®
®
@ o4
®

CCDC

[



Curating the CSD today e

- Each dataset expertly validated and curated

« Datasets enhanced

Chemical connectivity
Compound names

2D chemical diagrams
Additional experimental data

Bibliographic information

CCDC
number-)
I h Publication
\ feed Sl ey
N e

N ©
s Enlightened and happy InChi

researchers, educators

Other and students Other
software resources
- Knowledge

‘lh—)



Using the collection to curate new structures

loop 4

S An automated probabilistic N7

e approach using data in the CSD

atom site adp type .
atom_site occupancy ®

atom site symmetry multiplicity

atom site calc flag

atom site refinement flags

atom site disorder assembly
_atom site disorder group

€11 C1 0.5553(2) 1.0007(7) 0.8131(17) 0.044(3) Uani 0.50 1 4 POU 2 1
51 5 0.5321(3) 0.8280(%) 0.5322(3) 0.0327(11) Uani 0.50 1 4 POU 2 1
€2 C 0.5525(4) 0.8802(3) 0.8184(3) 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
H32 H 0.5350 0.8343 0.6771 0.037 Uiso 0.50 1 calec PR A 1

C4 C 0.4318(8) 0.7220(1%) 0.7783(8) 0.027(4) Uani 0.50 1 d PDU R 1

C5 C 0.4300(8) 0.7171(14) 0.8775(3) 0.025(4) Uani 0.50 1 d PDU R 1
€12 C1 0.3202(2) 0.4552(&) 1.0830(5) 0.058€(15) Uani 0.50 1 4 PDU A 1
52 5 0.38755(15) 0.8858(5) 0.5578(5) 0.0400(10) Uani 0.50 1 4 PDU A 1

P(B
P(B)

A) P(A)

Chemistry
assignment makes

data findable,
interoperable and
reusable

.JBruno, CG.P.Shields, RTaylor, Acta Cryst. (2011). B67, 333-349 DOI: 101107/S0108768111024608 ‘ < I >



Revisiting CSD entries

Targeted improvements allow improved integrity, consistency,:

discoverability and value of data

_ ® )
° o @ .

Ensure standardisation of
early CSD entries

1,000,000

900,000 1
& 700,000 I
oo : !
Esmnm I“:;::“““‘f‘] |
£ 300,000

]
= ..
E .
s )
< 200,000 u®
----
100,000 —— |

m e 0 ol T LYo N T WX O NT O XA N T WG

~~~~~~~~~~~~~~~~~~~~~~~~

Creation and maintenance
of subsets

Pure Compound

Enrichment of data

20000 -

18000 - I
16000 - Add .

oo | OXidation

12000 { State I

10000

values
8000 -
6000 -
4000 - I I l
2000 - |
0 | .

CCDC



Maintaining data integrity inthe CSD - - -

Integrity — Completeness, consistency and .o
trustworthiness

Data completeness — trends in reporting of
metadata I‘

* Interactive CSD Deposit checks
« New filters to select fit for purpose data

Consistency — looking at experimental metadata to o
identify trends in information supplied |

Trustworthiness — Establishing automatic | e
identification of potential cases of misconduct —
including fraudulent and plagiarised data —radiaton_type —measurement_device

= source —source_type
monochromator radiation_probe

Research integrity is much more than misconduct. Nature, 2019, 570, 5-5. DOI10.1038/d41586-019- < < I ><

O1727-0

60.00%

40.00%

[ J
of CIFs missing info




Additional validation for new structures? -

CCDC 1234567

O syntax issues

2 chemical issues
0 space group issues

SHREE checkCIF Duplicates Geometry check Interaction check

Summary

1234567 0 duplicates View Report View Report

#

f §3 N

wr

1234568
1234569

R T e re——r— o o
Datablock: tBulOkbar P —————
Bond precision: C-C = 0.0077 A Havelengthsd 43650 .
. . Cell: a=14.811(3) b6 . 8564 (7) €=19.759(3)
Most likely a serious v, oS0 betorsd A0S a0 .
WVEVNN problem - resolve or - s seets CCDC €nziatsne WebCSD B .
. Spa £
explain b oo (23 :
! Enter CheckCIF sl vt I
:“i Response :
A potentially serious D00 | ruaror. sotm e o v orton —. 1850 e
. Hu ' -
problem, consider carefully rof — . . o !
Faad LATO20 _aiftn_measured Faction theta_fll valus Low . 0.677 Mote
nk o ) v v T —
Nre 00
o o e, —
Check. Ensure it is not i e T e e
i or = I o R N ool
caused by an omission or ol s s e 00 ; 8l e
oversight b
e |
General ]nformation/check P o o 4 ol D[Frogment® |Labels | Value® |Fean @ |Z-score” |Classification ]
I H QAlert level A angle C1C14 N43 108195 119352 |12.008 Unusual (enough hits)
ARl it is not something B L et T i SN - oncle [cts 43 cia 1085 [iz6772fas Uil st s
u nexpected - @ angle  [C12 C14 Na3 183307 12202338670 |Unusuel (encugh hits)
PLATA1S ALERT 2 E Short Inter D-H..H-X 1 . HE23 2.99 Ang. Ofangle CZ2 C15 N43 NI BZB[120.673|2136 °
.
RINTAR] A '—RI The '-D!»E_EI Rint is grester then 9.12




Programmatic access and new insights ' -
* Launch of the CSD Python API enabling | conmon 1S :
* Programmatic access to CSD data and )

software
* Integration
« Generation of new insights

* Functions include:

* Full search capabilities
GCeometry analysis
INnteraction analysis
Descriptor calculation
2D diagram generation

CCDC



The CSD today 7
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Number of structuresin the CSD

1,000,000

800,000

600,000

400,000

200,000

The CSD today

XOPCAJ - The millio

An N-heterocycle
produced by a
chalcogen-bonding
catalyst. Determined
at Shandong
University in China by
Yao Wang and his
team.

nth CSD structure.

<1973

1,013,731

2004
2006
2008
2010
2012
2014
2016
2018

CCDC



Where in the world

CCDC



The value of the structures

« Structures from 100,000s of crystallographers worldwide & :
 Manual and automated curation at CCDC
* How many person years of effort?

« Well over 1,100 crystallographer years

« Well over 400 CCDC years
« Well over 1,500 years in total!
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9 Click here t@replay Lowest

100,000 150,000 200,000

S 211,988

F 126,467

Si 49,958

0| 39,504

Source Cambirdie Steocural Dalatug e (CSO)




Elements in the CSD

Coloured by Element Frequency
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CSD solvents

Crystal solvent molecules vs.

ethanol

diethyl ether

recrystallisation solvent

benzene

Ethanol and diethyl ether
more commonly named as a
recrystallisation solvent than

toluene

N,N-dimethylformmamide

appear in a structure. tetrahydrofuran
. : chloroform
Unsurprisingly water is the
Most common solvent and is acetonitrile
much less likely to be named
methanol

as a recrystallisation solvent
dichloromethane

water
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Drugs

« Top 200
Pharmaceutical
Products

* By retail sales in
2018

* Produced by the
Njardarson Group

* The University of
Arizona

* Drugsin the CSD
coloured green

Njardarson et al. J. Chem. Ed. 2010, 87,1348 < < I N




Formula weight of largest component in CSD structure

Trends in drug structures
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Moving to more connected data a ;
Linking CSD-CrossMiner SO
« Between CSD and PDB ligands - Pharmacophore query tool*

. Searches the CSD and PDB *
€]
(s o -

' & CqHaFgO

Eme: 2-Difluoromethomxy-1,1,1,2-tetrafluoroethane
‘ ‘vtonym: (+}-Desflurane; PDE Chemical Component code: DSF; DrugBank: DB01189

CCDC Class:
Source:
Melting Point: 147K
Colour: colorless
Infarm:_;::ri: absolute configuration; inhalation anaesthetic activity




The CSD system today

Software enabling research across the breadth of structural sc.ie’nc,e o

@
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@
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/ CSD-Discovery \

All CCDC application software (available to all Academics)

To discover new molecules
with pharmaceutical

k applications /

CSD-Enterprise

-

CSD-System

~

To search, visualise, analyse

data

@)’ communicate struct@

The Cambridge Structural Database

A
et

To understand and

predict solid form stabilit

and properties
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When will we reach the next million?

>=10 structures in

max number of structures in paper per an article
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Emerging techniques Gl
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hydroxyquinline structure determined 5012 2013 2014 2015 2016 2017 2018

non-contact atomic force microscopy

J Zhang et al, Science, 2013. DOI: 10.1126/science 1242603 < < I N
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The rise of calculated structures
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Using the collection to help predict structures

CCDC Blind Test Showcases Major Advance
in Crystal Structure Prediction Methods

- Movember 03, 2015

The Cambridge Crystallographic Data Centre (CCDC) announces that the results of its 6th blind test of crystal
structure prediction methods demonstrate significant advancement in crystal structure prediction methods in
comparison with previous tests. This year, structures of all of the test systems, Which N

of polymarphs, salts and hydrates, were generated by one or mare methads. In additio CHYSTAL CHALLENGE

The 3D structure that a molecule adopts in a crystal is very difficult

experimental structures were predicted to be the most stable form.

T

nature International weekly journal of science

Volume 52

Software predicts slew of fiendish crystal structures |

Research | Careers

Chemists succeed at forecasting how complex molecules will assemble in 3D.

Elizabeth Gibney

to predict — but defines what properties the molecule has.

Ng

The structural
formula of a
molecule
reveals which

atoms are
connected at a
2D level.

Chemists are making
progress at predicting
how complex
molecules will
assemble in 3D space
— there are millions
of possibilities.

The 3D orientation
repeats in a crystalline
lattice with a structure
that dictates the

molecule’s mechanical,

chemical and physical
properties.

s | Current Issue

» Advanced search

Archive | Audio & Video | For Authors

I

okin and it may not be apparent that there are
3D crystal. Now, a collaboration of dozens of
lly predicted the crystal structure of five,

g but a 2D map showing which atoms

kshop in Cambridge, UK, paves the way for
anufacture of drugs and other chemical
damental chemistry.

CCDC



From data to knowledge

Data

>at\:mis ite U iso_or equiv
Zatom_site adp_type
_atom_site calc_flag
_atom site refinement_fla
_atom_site occupancy

atom_site_disorder_group

gs

_atom_site symmetry multiplicity
_atom_site disorder assembly

> Shares Downlasds Clatons

Abstract

N4

YiGPIo0 710520

# YiGPIo02

# YIGPI003

(=]

Purpose. In the summer of 1998, Norvir semi-solid capsules supplies were threatened as a

characterization of the two polymorphs and the structures and hydrogen bonding network for|

This report prot

Tl C11 0.23185(8) 0.78305(3) 0.5S574(6) 0.02213(16) Usai & . 1 1 . .
N N1 0.8031(3) 0.6811(3) 0.53€3(2) 0.0172(4) Uani d U 1 1 . _
C Cl 0.6836(4) 0.7BE7(6) 0.4357(2) 0.0224(5) Uani d U 1 1 . . . 3
res E ¥ muc! soluble crysta Ona
© 02 0.nio(s) 0.8532(5) 0.708%(8) 0.020% () Uen: G T L1 . . result of a new much less soluble crystal form of ritonav
C C3 0.7409(4) 0.8344(4) 0.6644(3) 0.0187(5) Uani d U 1 1 . .
C C4 0.8700(4) 0.5637(4) 0.7481(3) 0.023&(6) Uani d U 1 1 . .
each form.
Resuts VIGPIOO1 - (55570 1RY))-10-Hycrory-2 methyt . -a-hizzalyi)3,6-dio 4712
Databsse stion {elra-azairdecan-13-oic acid S-hiazoll methyl esier
e Nepas Space Group: P2, 2, 2, (19), Cell: 2 10.0236(3)A b 18.6744{4)A 20 4692(7)A, & 90° B90° y80°
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30 viewer Chemical diagram
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© View group symbols key
Mazsurs
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‘Addiional details
Deposition Number 710530

Data Citation J Bauer, S Spanton. R Henry, J Quick, W.Dziki, W Porter, J.Morris CGDC 710530 Experimental
Crystal Structure Determination, 2007, DOL: 10.5517/cenich8

Synonyms Ritonavir, Norvir, DrugBank: DB00S03

Deposited on 247112008

Associated publications

J Bauer, S Spanton, R Henry. J Quick W Dziki, W Porler, J Moris, Pharmaceutical Research, 2001, 16, 853, DOI
101023/ 1011052932607
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_diffrn_ambient_temperature s04z) Pharmaceutical Research ®
~Aaiffrn_radiation_type oK\ June 2001, Volume 18, lssue 6, pp 859-866 | Cite as
_diffrn_radiation wavelength 0.71073
_diffrn_radiation monochromator graphite . L . .
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How can structural data be used?

Non-linear optical materials
Plezoelectric crystals
Pigments

Organic semiconductors
_iquid crystals
Pharmaceuticals
Biological systems
Gas adsorption
Catalysis

Etc etc!



http://blogs.westword.com/latestword/pharmaceuticals.jpg
http://www.chem.ucsb.edu/~bazangroup/semiconductors.html

959 views | Feb 5, 2019, 11:19am

Why Is Our Al Revolution Built ‘ . @
On Free Data Rather Than
Good Data? Using Al and machine Iearning
-;\ Kalev Lestaru Contributor ©
> ;
* Al'and machine learning techmques LR
evolving rapidly S

* But the consequences of using poor quallty
data can be far reaching

* Incorrect scientific conclusions
« Wasted investment and effort
s * Aloss of trust
c;;;Of‘:};g:eatestchauengesmfmnﬁngthemodermrevoluﬁon « Ultimately poor business or research decisions.

is the lack of sufficiently diverse training data. From driverless cars
that struggle with the most basic scenarios to image recognition

software that fails spectacularly on entire demographics, our Al

systems today have been hamstrung by a critical lack of data

representing the full extent of their operating domains. The reason is Many Ofthe mOSt preSS|ng Cha”enges faC|ng Al tOday I’eSO|Ve
that for all of the investment being made in the people, computing around its poor-quality training data....While algorithmic
hardware and algorithms powering AI, we refuse to make even the

Improvements could help, so could having proper training data.

most rudimentary investments in the lifeblood of AI: data. In short,

our Al revolution is being built on free data, rather than good data.

https://www.forbes.com/sites/kalevieetaru/2019/02/05/why-is-our-ai-revolution-built-on-free-data- < < I > ‘

rather-than-good-data/
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Expa nding access CSD-Enterprise has really

revolutionized my approach to the
. teaching of coordination chemistry
* Frank Allen International and inorganic chemistry...

: | have been able to publish three
Research and Education articles in peer reviewed journals.

(FAIRE) Programme

* Supports research & education
iNn developing countries -

m research communications
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CRYSTAL =
through use of the CSD ERSCN —

Reversible Breathing Process and Associated Thermochromism of a
Stacked-Layer Porous Supramolecular Material
Patrice Kenfack Tsob nang*'® John l,amb i Ngolui," Emmanuel Wenger, Pierrick Durand,

2 5 Slimane Dahaoui,’ and Claude Lecomte*

"Chemistry Department, University of Dschang, P.O. Box 96, Dschang, Cameroon
*Chemistry Department, Higher Teacher Training College, University of Yaoundé I, P.O. Box 47, Yaoundé, Cameroon
SCRM2, CNRS Université de Lorraine, Vandoeuvre-lés-Nancy CEDEX BP 70239, France
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CRYSTALLOGRAPHIC Cr.yst?ll structure of limonoid TS3, isolated from
COMMUNICATIONS Trichilia rubescens

1SSN 2056-9890
Patrice Kenfack Tsobnang,”* Armelle Tsamo Tontsa,”* Pierre Mkounga,® Augustin
Ephrem Nkengfack® and Ignas Tonlé Kenfack®

*Chemistry Department, University of Dschang, PO Box 67, Dschang, Cameroon, *Department of Organic Chemist
Received 26 May 2018 University of Yauunde |, PO Box 812, Yaounde, Camercon, and I mmmm of Chemistry, Tshwane University of o
Accepted 9 July 2018 Technology, Pretoria 0001, South Africa. *Corespondence e-mail;
i i jv-dsch

Edited by H. Stocekli-Evans, University of The title limonoid compound, CyHz3050.5H,0 (TS3) [systematic name:
Neuchitel, Switzerland (3a8,3bS,4a5,525,65,7aR,8aR 8bS,11aR)-6-(furan-3-yl)-3a,5a,8b,1 1a-tetra-
methyl-3a,4a,5,52,6,7,7a,8b,11,1 1a-decahydrooxireno[2’,3":4b,5|oxireno-
[2"3":2' 3']eyclopenta[1”,2:7 8]phenanthro[10,1-be|furan-3(3aH)-one  hemihy-
drate], er izes with two i (1 and 2) in the asymmetric
unit and one water TS3is of three si rings (A,

C and D), three five-membered rings (B, E and F) and two epoxide rings. A

Acknowledgements
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Engaging future scientists *

«
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Classroom Teaching Module: Structure Exploration . .
Click to download the packet for use in the classroom k i
| 9
This module was developed for use in the classroom based on hands-on exercises used at the Cambridge Science Fe:!
(Wilfrid Laurier University) for assistance with curriculum benchmarking. . @ A

Classroom Teaching Module: Crystallization

Click to download the packet for use in the classroom
This module was developed for use in the classroom based on hands-on exercises used at the Cambridge Science Fe:

(Wilfrid Laurier University) for assistance with curriculum benchmarking and Prof. Robert Pike at The College of Willian
resources.
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Towards the great ocean of truth

The amount of scientific knowledge we now have to hand has lead some
eminent scholars to believe that there are intrinsic limits to science and that
this limit has now been reached. | myself do not believe that this is the
case. | think that the great ocean of truth is still in front of us and that we
will continue to discover new aspects of this truth. Some of them will be
discovered through the insight of outstanding individuals and some through
the insight which Bernal predicted could be gained by more ordinary mortals
through the analysis and transformation of the pebbles of information which
have accumulated over the past decades. We have the tools and resources

to do this and Bernal’s inspiration is still with us.

CCDC



Thank You

More talks from the CCDC

Today 11:20 | didn't Know Mercury
Could Do That! — Andy Maloney
Today 15:20 Keeping Things 'N

Synch —Natalie Johnson
Thursday 11:40 Analysing Aromatic
Interactions- loana Sovago

Visit us at the expo - D08

http://www.ccdc.cam.ac.uk/
9  ©@ccdc_cambridge

n ccdc.cambridge
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