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Data helps spot fraud
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Regrettably, this editorial is to alert readers and authors of Acta Crystallographica Se
extensive series of scientific frands involving papers published in the journal. principalty
every vear will contimue to reflect results of serious scientific worle, the extent of these ¢
cited in acknowledged by the authors as such. Our work is ongoing and it is lilkcely that this figw
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These problems were first discovered by Ton Spek during testing of the checking prog
of Acta Crystallographica Sections E or C. Initially, unexplained Hirshfeld rigid-bonc
transposed and that more than one structure had been "determined' using identical sets
involved.

A program written by Toine Schreurs of Utrecht University that can examine and compare two structure-factor files was then used
the program revealed that the data sets used to refine two or more supposedly unique structures were in fact identical, but with the «

The falsified structures have many features in common: in each case, a bona fide set of intensity data_ usually on a compound whose
of papers, with the authors changing one or more atoms in the structure to produce what appeared to be a genuine structure deterrr
structures from a single common set of data. There is nothing to suggest that the authors of the original papers describing the real sir

Bogus refinements were found for both metal-organic and organic structures. The most common ploy was to acquire a data set for
iron(IT) or even cobalt(IIT) produced papers reporting seemingly novel compounds. In order to decrease the risk of detection, chan
parameters and also the culling of some reflections from the data sets. The scale of the problems ruled out the possibility of mere inc

Similar procedures with structures contaming lanthanide elements offered even greater scope for deception. In addition to changing
structures falsely reported.

Non-metal atom substitutions also generated numerous bogus organic structures. CH; groups were replaced by NH or O and vice

is extensive. The residuals on the resulting frandulent refinements were generally worse than those of the genuine material but not suf
structures arose from these manipulations, and it is a concern and disappointment that these chemical features passed into the literah

The initial set of falsified structures arises from two groups. The correspondence authors are Dr H. Zhong and Professor T. Liu_ bot
from Jinggangshan University together with authors from different institutions in China. Both these correspondence authors and all cc
Professor Lin. Details of these retractions appear elsewhere i this issue of the journal Having found these problems with articles frc
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Fraud rocks protein community

University finds that researcher falsified data supporting 11

protein structures.
Brendan Borrell

The finding by a university misconduct
investigation that a crystallographer
"more likely than not" faked almost a
dozen protein structures has left the
field in shock. The fraud is the largest
ever in protein crystallography. The
disputed structures had important
implications for discovering drugs
against dengue virus and for
understanding the human immune
system.

"It's massive," protein crystallographer
Wayne Hendrickson of Columbia
University in New York says of the
investigation's conclusion. "It's the
worst possible thing."

In a report released earlier this month,
the University of Alabama at
Birmingham concluded that H. M.
Krishna Murthy acted alone in
fabricating and falsifying results that

The first of the protein
structures to be
disputed, that for human

appeared in ten &k Ref. 10
papersti2:3428.48:210 nblished

during the past decade. The disputed
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Science can be wrong

“We have recently attempted to perform a diagnostic meta-analysis, and found that
most of the relevant papers reported only frequency distributions. Some papers
reported individual patient data in scatterplots, from which we attempted to derive
the original datasets by a computer-aided method. To our surprise, nearly half
the papers showed a different number of data points compared to the stated
number of included patients. As a result, we were unable to aggregate the data.”

— Gustav Nilsonne, Karolinska Institutet

http://blogs.openaccesscentral.com/blogs/bmcblog/entry/join_the data_debate draft
#comment-1284221254522

#f% UNIVERSITY OF

"8 CAMBRIDGE



Most data is never published
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Most data is never published

Time / Effort /. Difficuity
Competition

Why would anyone want.my data?
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Lots of data does get published
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ZEB(TOU), Z8Z( 18], Z3T(19], ZUS94E).

(2R.55.7TR.1' R )-1-Aza-3-oxa-8-0x0-2-phenyl-7-[ N-acetylamino-
(ethoxycarbonylymethyl]bicyelo[3.3.0]octane 12b

At —5°C, acetic anhydride (0.042 g, (.41 mmol) was added to a
solution of amine 12a (0.10 g, 0.33 mmol) and triethylamine
(0.067 g, 0.66 mmol) in chloroform (9 ml). The mixture was
stirred at —5 °C for 10 minutes and then at 0 °C for a further 4
hours. Following washing with citric acid solution (10% in H,O:
3 = 8 ml) and drying over magnesium sulfate, the solvent was
evaporated. The resulting yellow oil was purified by flash
column chromatography on silica (1 : 1 petroleum ether—ethyl
acetate gradient to | : 3) to give the product, a pale yellow oil
(0.071 g, 62%): Ry 0.14 (1 : 3 petroleum ether—ethyl acetate):
(Found: C, 62.26; H. 6.84: N, 7.68. CjH,N,0; requires C.
62.42; H. 6.40; N, 8.00%); [u]5 +120 (¢ 0.20, CHCL); vy (film)/
cm' 3313, 1739, 1703, 1690; dy(500 MHz, CDCly) 1.28(3H, t.
J 7.0 Hz, OCH,CH,). 2.01(3H. s. CH,C(0)). 2.14-2.20{1H. m,
C(6)H,,,..). 2.54-2.60(1H, m. C(6)H_.), 3.27(1H. ddd. J 10.5,
10.5, 3.5 Hz, C(T)H_,,). 3.66(1H. dd. J 8.0, 8.0 Hz. Cid)H_,..).
4.07-4.16(1H, m. C(5)H). 4.174273H, m. C(4)H,,, and
OCH,CH,). 4.84(1H. dd, J 8.5, 3.5 Hz, C(1")H). 6.23(1H. s,
C(Z)H), 7.11{1H, br d. J 8.5 Hz, NH), 7.29-7.42(5H, m, ArH);
(503 MHz, CDCly) 13.98(0CH,CH;), 22.94(H,CC(0O)).
28.22(Ci6)). 48.19 and 51.51(C(7T) and C{l")). 57.07(C(5)).
61.82(0CH,CH;). 72.26(C(4)), 86.89(C(2)). 126.2, 128.7.
129.00ArC), 138.6(4° ArC), 169.9, 170.7 and 176.9(CH,C{O)N.
C(8) and CO.Et): mle (probe CI. NH,) 347(MH", 100%),
303(4), 288(4), 273(7), 231(14), 211(8), 202(26).

(2R.58.7R.1" §)-1-Aza-3-0xa-8-ox0-2-phenyl-7-[ N-acetylamino-
(ethoxycarbonyl)methyl]bicyelo[3.3.0]octane 13b

Thic oo caand sns meamanad frome ameine 13 oo 0 0ET o aanla

acetate) to give the product 14 as a colourless oil (40 mg, 61%
over 2 steps): R;0.12 (1 : 6 petrol-ethyl acetate); v, (thin film)/
em~' 2924(br m). 1737(s). 1700(s). 1667(s): d,(200 MHz,
CDCly) 1.14{3H, t. J 7.0 Hz, OCH,CH;), 2.03(3H, s, CH,C-
(0)). 2.12-2.24(1H, m, C(6)H.s). 2.38-2.51(1H, m, C(6)H....).
3.01-3.10(1H, m, C(T)H). 3.42(1H. dd. J8.5, 8.5 Hz. C(4)H ,.,.).
4.00-4.28(4H. m, C(5H, C(4)H,,, and OCH,CH;). 4.90(1H.
dd, J 5.0, 8.5 Hz, C(1")H). 6.28(1H. s, C(2)H), 6.81(1H, br d.
J 8.5 Hz. NH). 7.37-7.39(5H. m. ArH): 64(50.3 MHz, CDCI,)
13.85(0CH,CH;). 23.04(H,CC(0)), 25.48(C(6)). 47.73 and
53.08(C(Ty and C(1'). 573TC(5). 61.93(DCH,CH,).
TLAYC(4)). 86.90(C(2)), 125.7, 128.4 and 128.6(ArC). 138.4(4
°C). 169.9(2 x CO). 176.3(CO): m/e(APCL") 347(MH ", 100%).
HEMS(CI") 347.1607, MH " requires 347.1606.

(25.45)-N-Benzyl-2-methoxycarbonyl-4-[ V-acetylamino-
(ethoxycarbonyl)methyl]-S-oxopyrrolidine 15

Lactam 14 (30 mg. 0.14 mmol) was hydrogenated to yield the
crude alcohol product (40 mg): v, (film)/em " 3286(br m, OH,
NH]). 1738(s, ester CO), 1672(s, lactam CO); m/e (APCI™) 349
(MH?*, 100%%). This was immediately oxidized according to the
Sharpless protocol® to give a white solid (12 mg) LRMS
(APCI") mle 363 (MH", 100%), which was in turn immediately
treated with diazomethane in ether. The solvent was removed
in vacuo to give a pale yellow oil which was purified by flash
column chromatography on silica (ethyl acetate). The product
was obtained as a mixture of C-1" diastereomers in a ratio of
112 (12 mg 23% over 3 steps): Ry 0.31, 0.24 (EtQAc);
Ve (Alm)lem ™" 3320(br m). 1742(s), 1695(s); d,(500 MHz,
CDCly) (major diastereomer) 1.21(3H, t, J 7.0 Hz. OCH,CH).
2.06(3H. s, CH;C(0)), 2.27-2.33(1H. m, C(3)H), 2.46-2.51(1H,
m., C(3)H). 2.98-3.03(1H. m. C(4)H). 3.68(3H. s, OCH,). 3.98-
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Most published data is unusable
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Supporting information can require massive effort

Supporting Information Hovye, Danielson, May, Zhao page 30 0f 182
Me, Me Me Me
o gli's] HO o
OMe QPMB BFsORt:, //’l\JJl\OTMS
o L._CHO 20
hf-'le Me 90%
26

(+)-6- {[28-(2R*358* 45*,55%65*) ] 2-Hyvdroxy-4-[(4-methoxvphenvl)methoxy]-6-methoxy-3,5-
dimethyloct-7T-enyl}-2,2-dimethyvl-4H-1,3-dioxin-4-one (512) To aldehyde 26 (12 mg. 0.032 mmol)
and ketene acetal 20 (84 mg. 0.39 mmol) in DCM (2.0 mL) was added BF;=0Et, (10 pL, 0.078 mmol) at
-78 °C. The mixture was stirred 45 min at this temperature before being warmed to rf and quenched with
aqueous NaHCO;. The resulting nuxture was diluted with H; O, extracted with DCM, dried over
Na;50:. and concentrated. Flash chromatography (hexanes EtQAc = 7:3 to 1:1) gave 512 (13

mg, 80%).

TH NMR (500 MHz. CDCl:) 6 7.28 (d. J = 8.5 Hz. 2H). 6.95 (d. /= 8.5 Hz, 2H). 5.57 (ddd, /=8 4,
10.2. and 17.0Hz, 1H), 5.33 (dd. J= 1.8 and 10.1 Hz, 1H), 5.27 (5. 1H). 5.22(dd. J=1.6and 17.1 Hz.
1H). 461 (d. J=11.0Hz 1H).447(d. J=11.0Hz, 1H). 419 (m. 1H), 3.84(dd. /=29and 110 Hz.
1H), 3.81 (5. 3H). 3.3%9 (dd. /=84 and 84 Hz. 1H). 3.27 (5, 3H). 2.4 (d. /=44 Hz 1H). 2.39 (dd. J=
90and 143 Hz 1H). 223 (dd. 44 and 14.3 Hz. 1H), 1.80 (ddq. J=2.9. 84, and 7.1 Hz. 1H), 1.70
(ddg. 1.8, 11.0, and 7.1 Hz, 1H), 1.65 (5. 6H), 0.89 (d, /= 7.1 Hz. 3H), and 0.88 (d. /= 7.0 Hz. 3H).
“C NMR (125 MHz, CDClz) 6 169.6, 161.0, 159.2, 137.1, 130.4, 1293, 119.2, 113.8, 106.3, 94.6, 85.0,
80.2,74.2,68.5, 555,552,405, 40.2,39.2, 251, 24.6, 10.6, and 10.2.

IR (neat) 3470, 2074, 20341728, 1634, 1514, and 1240 con™.

HRMS (FAB) Calcd for (CasHisO7 + Na)™> 471.2353. Found: 471.2339.

TLC Er=10.3. hexanes:EtQOAc = 1:1.

[e]™T +5.59° (c = 1.18, DCM).
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B nMB (125 MHz, CDCls)
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Some disciplines are better than others...

Authors are required to provide crystallographic data in the crystallographic information
file (CIF) format af the time of manuscript submission. Details on the preparation, validation,
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... and some are very bad

Supplementary Material (ESI) for Chemical Communications
This iournal is © The Roval Societv of Chemistrv 2006

Supplementary Material

Unexpected dual orbital effects in radical addition reactions involving acyl,
silyl and related radicals

Carl H Schiesser,*“* Hiroshi Matsubara,*° Ina Ritsner® and Uta Wille***

MP2/6-311G##

NN CHEMISTRY CLUSTER KIRKLAND-KNETS\FTS\UMP2-FC\6-311G(d,p)\C3H6N1O1(2)\HIROSHI\L
6-May-2005\\WMP2/6-311G** SCF=DIRECT OPT=(TS,EF,CALCHFFC MAXCYCLE=100) NOSYMM F
REQ=NORAMANWTS for addition to nitorgen of imine\\0,2\C\O, 1, 12\C, 1,13,2,a3\N,1,14,2.a4,3,d4, 0\C 4 15,1 ,a
5,2,d5,0\H,3.16,1.a6,2.d6,0\H, 3.17.1,a7,2.d7,0\H,3.18,1,a8.2,d8 ,0\H, 4,191 ,a9,2,d9,0NH,5,110.4,a10,1,d10,0\H.5 1
11.4.a11,1,d11,00MW2=1.2223954\r3=1.51801246\a3=124.65042078\14=1.76588121\a4=109.24841904\d4=124.
33673948\r5=1.25097908\a5=116.47411713\d5=7.6351044906=1.092779%Ma6=111.71725127\d6=173.797979
517=1.09886014a7=110.64005704\d7=51.47921365w8=1.09269408'a8=107.9458183\d8=293.3479316\19=1
0179727\a9=124.02108618\d9=173.41276736\w10=1.0881745\a10=123.70838963\d10=167.50178173\r1 1=1.
09199551\all1=115.5489375Nd11=-10.92919791\\Version=x86-Linux-G03RevB.04\HF=-246.3672269\MP2
=-247.1570942\PUHF=-246.3750591\PMP2-0=-247.1635975\82=0.831467\52-1=0.803382\52A=0.752174R
MSD=3.031e-09\RMSF=5.917¢-05\Dipole=-0.8269389.-1.3467298.-1.0521902\PG=C01 [X(C3H6N10O1)]\@
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Virtually no data published at all
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0T CMEKTPa NapakchankHoro nanyyenna Ginc, nagatwLLero Ha rpaHiuly pasgena ...
The web MPUKNaAHOro KEAHTOBO-XMMIYeckoro naketa GAMESS 8 npubninkennn B3LYP/cc- ...
www.ifmo.ruffile/conferens/83/trudi. pdf
Pages from the UK

= T3 = (8] . - [ Translate this page |

TNGINC-WUDNFreg\RB3LYP6-21G\H20 1\ TONGJING\27-Sep-2008\0V#p b3lyp/ 6-21g
freqititle\0, 180,0.,0.,0.120877\H,0.,0.785204 -0 483908\H.0.- ...
hi-baidu.com/gushirucha/blog/cal==-==00200 _Caslad

CoolAcronyms com- Categ How to search for multiple lines and put them into one paraagraph ...

B3LYP. a density functional met|

parameter ... GINC. Global nf 27 Nov 2010 ... These lines begin with "1VIVGINC-" and end with "\W@" or the following two
CEREETEEYT ampty ... gfprintti3a 0-b3lyp\\0.315i,0.0.014066.-1.355809.0. ...

www_unix.com/___/149177-how-search-multiple-lines-put-them-into-one-paragraph_html -
Cached

More search tools

In order to show you the m
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Waste of resources

* No standard way to archive or search the data from CompChem calculations;
valuable data festers on disk.

« There isn’t even a standard data format (despite the data being rigorously
defined) so each computational chemistry code needs specialised tools to
understand its outpult.

H
i
i

Generate data Expensive Cumbersome

from scratch computation data format Black hole
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Data publication options are growing

Proteome Commons https://proteomecommons.org/

https://trancheproject.org/

http://datadryad.org/

@S pace http://www.dspace.cam.ac.uk/

@Cambridge

Talis Connected Commons
http://blogs.talis.com/n2/cc/
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Different Scales of Data
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Molecule

Spectrum

§ o, s

s
A
N4

A ——

Spectrum Scale

300 400 500 600 700 800 900 1000 1100

A/ nm—

In partial fulfiment of the requirements for the award of the degree of

mAllyltricarbonyliron lactone complexes:

versatile tools for asymmetric synthesis

A thesis presented by

Jiirgen Harter

DOCTOR OF PHILOSOPHY
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More than archiving: domain knowledge required

FEE =

BF DSpace at Cambridge: N... +

€« C A © wwwdspace.camacuk/handle/1810/84427 i §

-

. DSpace @ ]

Register or Login | Contactus | Advanced Search

3 UNIVERSITY OF
CAMBRIDGE S pace

@Cambridge

DSpace at Cambridge » Department of Chemistry > Unilever Centre for Molecular Informatics 5 WWMM

Home
Communities X
h Title: NSC1001324
Collections
Issue Date: 30-Aug-2005
Browse By
Publisher: Unilever Center for Molecular Informatics, Cambridge University
Issue Date
URI: http://www.dspace D SPECTRa Chemistry Repo.. + C=Sfas X
Gorion Other Identifiers: NSC100124 € & C | @ hips//spectradspacelibimperialacuk:8443/dspace/handle/10042/t0-5141 ;‘& x Q a
Title
Appears in Collections: WWMM B
Subject ™
Spqce About DSpace Software
Type
Files in This Ttem:
Search DSpace Search DSpace
:Eégza ;l’\tem_\:tr’yt Repository >
My DSpace . P : SPECTRa Bets Test >
| File Description Size o h Computational Experiment Data >
Help .
) H o - - o
About nsc100134_original.cmi 4.23 oms Please use this identifier to dte or link to this item: http: //hdl .handle.net/10042/to-5141
DSpace@Cambridge nscl00134 post-mopac.cml 4.34 Browse

Title: C39H52N 1201854

@ Communities

& Collections Authors: Henry S Rzepa
Additional resources for this item g — Issue Date: 25-Aug-2010 1
Authors - E
. Publisher: Imperial College London
retrieve citation metadata in EndNote format b
g%“ uee URE:  http://hdl handle.net/10042/to-5141
P - Other Identifiers: InChI=1/C28H2401654.C6H8.4CHEN3.C02/c29-25-13-1-14-6-22(46(36,37)38)8-16(26(14)30)3-18-10-24(48(42,43)44)12-
gurullitem recon ) . 20(28(18)32)a-19-11-23(47(39,40)41)9-17(27(19)31)2-15(25)7-21(5-13)45(33,34)35; 1-5-3-6(2)4-5,4*2-1(3)4; 2-1-3/h5-12,29-
Sign on to: 32H,1-4H2,(H,33,34,35)(H,36,37,38)(H,39,40,41)(H,42,43,44); 3-4H,1-2H3;4*2-4H2;
@ Reéelve email InChIKey YMBLGDWVSZCHOQ UHFFFAOYSA N
ales Appears in Collections: Computational Experiment Data
() My DSpace
authorized users
¥ Edic profile Files in This Ttem:
@ Help File Description  Size Format
) 2bout space mets.xml 11Kb DSpace METS SIP  View/Open
archive-cml- 1.xml 31Kb ML View/Open |
description. txt 0Kb Text View/Open
project. txt 0Kb Text View/Open
wavefunction.wfn 0kb Unknown View/Open
smiles. txt OKb SMILES View/Open
inchi. bt 0Kb InChi View/Open
~ml vl 14wk o Viaw iNnan S
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It needs to be simple

DC Field Value Language I -
dc.creator US National Cancer Institute en_GB Login
dc.date.accessioned 2005-08-30T09:49:527 -
dc.date.available 2005-08-30T09:49:527 - N
dc.date.created 2003-02-01 en_GB
dc.date.issued 2005-08-30T09:49:527 - SpDrUIatiDn Rate Data
dc.identifier MNSC100134 en_GB dcicontributor.author  Hill, Jessica A.
dec.identifier.uri http://www.dspace.cam.ac.uk/handle/1810/84427 - dc:contributor.author  Otto, Sarah P.
de.format.extent 4331 bytes - dc-date accessioned  2007-12-14T22-32-197
dc.format.extent 4440 bytes - dc:date available 2007-12-14722:32-192
¢ gcformat.mimetype chemical/x-cml - _ dc:date issued 2007-12-14T22:32:19Z
dc.format.mimetype  chemical/x-cml - B dc:identifier doi:10.5061/dryad.18/3 *
dc.language.iso en_GB - dc:identifier.uri http://hdl_handle_net/10255/dryad. 19 3
dc.publisher Unilever Center for Molecular Informatics, en_GB dc:relation.ispartof http:/'hdl_handle_net/10255/dryad. 18
Cambridge University de:title Sporulation Rate Data en_LUS
d.title NSC100134 en_GB dc-type Dataset en_US
detype Other en_GB dryad:status scanned
dc.identifier.ichi C12HBCIN502,1H3-7-4H-8(2H-3H- en_GB
3(2?()1]68)(1]%9)20)1?—E|H—1E|—1CI—11(13)14—5H—15— 1 Files in this item
Appears in WWMM Files Size Format View
Collections: sporedata.xls  174.0Kb  Microsoft  View/
Excel Cpen

Files in This Item:

File Description Size Format Checksum

nscl100134_ original.cml 4,23 CML 7052b48e339cd9sbf7f459712
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r [® 04src0553 - C3THE0CIFe...

. C M O ecrystals.chem.soton.ac.uk/654/ W X @ A B
UNIVERSITY OF r
|_Home [ About | Browse by Year | BrowsebyPeople | |
Login | Create Account |:| ==

04src0553 - C37H50C|F304P2 Rh

Sample Originator: |. R. Butler®.

uns_pe"é::i_f_;i,_ed *
Data Collection: Simon J. Coles?® §?16.812§.
‘b=19.2204
Structure Determination: Simon J. Coles® and Michael B. Hursthouse®. Fgg
o= .
University of Southampton® p=90.
University of Wales, Banger® w=90.

m

C37HGUC|FEO4P2R|’1

InChi=1/C15H28P.C15H26P.CTH10.CIHO Fe.3H20 Rh/c2*1-
9(2)16(10(3}4)15-13(7)11(5)12(6)14{15)8:1-2-7-4-3-6(1)5-7:1-

10,13-14H,1-8H3;9-10H,1-8H3;1,3.6-TH,2 4-5H2; 2H;; 3*1H2: /t;:6-. T+
Identification | 10.3737/ecrystals chem soton ac_uk/654 Jmol
Number: B B
Date | 02 March 2009 Available Files
Created: Final Result
Deposited ' 02 Mar 2009 18:19 ) =
On: 04src0553.cif 2Tk
Deposited ' Dr Simon J Coles 04src0553.cml 14k
By:
Y 04src0553.fcf 415k
Data collection parameters Validation
Chemical formula C37 H60 Cl Fe 04 P2 Rh 04src0553 checkeif.htm ok
Crystal morphology Block
Refinement
Crystal system Orthorhombic
D4src0553.res 12k
Space group symbol Pbca
04src0553_xL.1st 66k
Cell length a 16.8121(12)
Cell length b 19.229(2) Solution
Cell length ¢ 22 968(3) e — s

nA___AcEa . 1a T
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Semantics and provenance are vital

b

A B L D E F

1
2 time point culture  mean rep E
3 800 510 0.662242 2
4 800 5100 0.71857 2
- 800 S11 0.581187 2
6 800 513 0635388 2
7 800 515 0.641971 2
8 800 516 0.613226 2
9 800 517 0.676397 2
10 800 518 0.600131 2
11 800 519 0.688716 2
12 800 520 0.017857 2
13 800 523 0.69653 2
14 800 524 0.652459 2
15 800 525 0.739542 2
16 800 526 0.757324 2
17 800 327 0.610608 2
18 800 528 0.726567 2
19 800 529 0.716181 2
20 800 53 0.717558 2
21 800 330 0581714 2
7

ann 234 n 72417
M 4 » M spore means -~ al counts sp{l [N il 1]
Ready = | B (O] 1| 200% (=) 0 L

]
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Semantics and provenance are vital

Temperature  Solubility g/l Year
25 2.132 1926 [1]
T 25 896.2 1985 [2]
\N N
)\ | ) 25 21.0 2002 [3]
oy 25 49.79 Merck Index
25 18.67 2005 [4]
25 21.6 SRC PhysProp
Database

[1] Oliveri-Mandala, E. (1926), Gazzetta Chimica Italiana 56, 896-901

[2] Ochsner, A. B., Belloto, R. J., and Sokoloski, T. D. (1985), Journal of Pharmaceutical Sciences 74,
132-135

[3] Al-Maaieh, A., Flanagan, D. R. (2002), Journal of Pharmaceutical Sciences 91, 1000-1008
[4] Rytting, Erik, Lentz, Kimberley A., Chen, Xue-Qing, Qian, Feng, Venkatesh, Srini. AAPS Journal
(2005), 7(1), E78-E105.
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Publishing data is difficult

File Edit Controls Visuslizer Advanced Help iTunes [ ir=1{F]
w Il Stream Bit Rate = Comment
E Library A W 50s/80s Pop (16 streams) A
' Podcasts = AccuRadioHey Hey We're Th... 43 kbps  Great oldies from the Beatles, Stones, Hollies_lﬂ
videos AccuRadio-Hey Hey We're Th... 24 kbps  Great oldies from tha Baatlae_Gtanae Hnlise
& Party shuffle B Acaiade Sengng Pop Sta... 8 kbps  Classic and modert 1 37674 /7hi=en_US&s=903LajHZtqqzADW]V YuL SBEKUKA
i L i AccuRadio-Swinging Pop Sta... 24kbps Classic and moderi
Music Store Classic Soul Net.work 128 kbps  Great soul I'nL-.ISil: fi
@ R = Edgewa-te.r Radio 32 kbps Gre.at Memaries fri
@ My Top Rated Indush’lahnf‘cl: 24kbps  Oldies from.Crazy 0 c lem
- Memory Radio 1 43 kbps  Deutsche Hits aus ( ; o
E_-I B o e Memory Radio 2 43 kbps  Deutsche Hits aus
E_“ MR AR Oldies Mix Radio 56 khps  The Greatest Hits Desktop » BETA
E_-I e = Oldies RadioNET 56 kbps | ‘four all-time oldies
@ Top 25 Most Played = radicioHistory 128 kbps = Music that defined
E Alison Krauss radioioHistory 64 kbps  Music that defined Web Images Vidso News Maps Desktop more »
@ Alternative = radicioHistory 32kbps Music that defined l %
[ 4] Baby Bash/South Park... Technicolor Web of Sound 56 kbps | 60s Psychedelic w Search Desktop | Search the Web
@ BD Favs ' atles-A-Rama The Beatles' S
n Mow m B 705805 Pop
P AltfModern Rodk
b Ambient One-time index update in progress.
P Americana
b Blues . . . .
2 13.5% complete with about 5.1 idle hours left. 1,399 items indexed so far.
P Classic Rodk
P Classical
LBl Index Status - Privacy - About
P+ Edectic
‘h Flectronica ©2007 Geogle
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Data is really useful

CrystalEve Publishers

I[UCr, RSC, ACS, Nature, Chem. Soc. Japan
"
7=\
Cl

f BB MetaPrint2D

. . . Publisher: Acta Crystallographica
Article| Article |Articl
Yearl/lssue: 2010/08-00
Article (via DOI): 10.1107/516005365810026930
Compound Class:organic
Date Recorded:2010-07-06
Contact Author: Prof. B. Thimme Gowda
e-mail: gowdabi@yahoo.com
C I F Data collection parameters

[ 10} 4-Chloro-<i>N</i>-(4-c...

3-00/data/bg2225/bq2225supl_I/bg2225supl_Lc ﬂi‘ X

< C A © wwmm.ch.cam.ac.uk/crystaleye/summary/acta/e/2010/0

4-Chloro-N-(4-chlorophenyl)-2-methylbenzenesulfonamide

~ << Table of Contents

m

Chemical formula sum C43H44ClaNO2S
Chemical formula moiety ~ Cy3H44ClaNQ2S
Crystal system monoclinic
Space group H-M P21ic Show no. of unit cells along axis:
Space group Hall -P 2ybc a: 1
Data collection temperature 299(2) b: 1
c: 1
Refinement results
R Factor (Obs) 0.0425
R Factor (All 0.0517 Enter Jmol script:
Weighted R Factor (Obs) 01157 load./bg2225supl_I.complete.cml.xml

Weighted R Factor (All) 01216
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Especially in aggregate

0 wwmm.ch.cam.ac.uk/ery..

€« 2 C M  © wwmm.chcam.acuk/crystaleye/bondlengths/C-N-after-protocol.svg

C-N Bond Lengths in CryvstalEve (Last updated 2009-03-20)
for non-disorderad, unconstrained atoms in structures where temperaturs <= 20000 and r-factor <= 0.03

Ho. ocomences

1.282 1.375 1.4568

Bond Langth (zngstroms)
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Semantic Web of Data
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Semantic Web

The Semantic Web is a Web of data. The vision of the Semantic Web is to
extend principles of the Web from documents to data.

Right now data is controlled by applications, and each application keeps it
to itself — the Semantic Web addresses this.

Data should be related to one another just as documents (or portions of
documents) are already, and accessed using the general Web architecture.

This also means creation of a common framework that allows data to be shared
and reused across application, enterprise, and community boundaries, to be
processed automatically by tools as well as manually, including revealing
possible new relationships among pieces of data.

-- http://www.w3.0rg/2001/sw/SW-FAQ
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subject predicate object

Vs symmetry CellSetting
Cwétal St@ture > "monaoclinic"
S~




symmetry CellSetting
Cwmture = ‘monoclinic”
A
Wﬁm eHM

IIC zfcll



symmetryCellSetting
Cwmture > "monoclinic”
A
Wﬁm eHM

haslnChl ‘cac

InChl=15/.."



symmetry Cellsetting
Crystal Structure > "monoclinic”

symmetrySpaceGroupNameHM

"C2ic

haslnChl

haslnChl B
""nChl=15/. " =€ Crystal Strj:ture

/




symmetry CellSetting
Crystal Structure b "monoclinic"
N
symmetry spaceGroupNameHM

haslnChl "C 2ic”

hasPart
"InChl=15/]._"

hasPart

ecular Entlty
haslinChl

\

“InChl=15/...."

Molecular ntlty
haslnChI

“InChl=15/..."



symmetryCellSetting
Crystal Structure b "monoclinic"
R

symmetry SpaceGroupNameHM
hasinChl "c2c’
hasPart
InChl=15/,._"
hasPart
~
ecular I}':ntity

haslnChl

\ hasinChl

“InChl=15/...."

Molecular ntltyr

“InChl=15/....."

haslnChl

Crystal Structure

hasPart

Y

D
Molecular Entity

“InChl=15/...."

hasPart

M@ntity



. symmetry CellSetting

Crystal Strugture e "monoclinic”

sym metrySpaceG roupMNameHM

. . "InChl=18/.."
hasInChI C2ic
hasinChl
hasPart
"InChl=15/.." Cry tal Structure
hasPart
hasPart
hasPart
MH
A4 M@ntiw
hasinChl
hasinChl M | ntity Molecular ntity
finalEnergy ecular i

"InChl=1S/....."

hasPart
Molecular Entity

haslnChl
Molecular Entity
hasinChl

“InChl=18/..."



™~ symmetry CellSetting

Crystal Strulcture - "monoclinic"
name creator
symmetrySpaceGroupMNameHM
" " "InChl=15/_.."
Person hasInChl C2ic
address
asPart

hasInChl
h
InChl=18/_.." Crystal Structure
creator

hasPart
hasPart
hasPart

\_// M ecu;Entity
ﬂim

hasPart

finalEnergy

hasInChl Mc@@nﬁw Mq@tmity
R -

Molecular Entity

. haslnChl name
Molecular Entity creator Person
hasinChl /
haslinChl
ynthesi
InChi=1sf,." =< g

Y

e



Chemical Markup Language

eXtensible Markup Language (XML) vocabulary for Chemistry

Extensible:
not limited by the designer’s vision

Preserve semantics: machine understandable

But the flexibility can be daunting at first...

Zfiz UNIVERSITY OF

%> CAMBRIDGE



Dictionaries and Conventions

 Conventions: « Dictionaries:
* molecular * properties
e compcomp * units
 crystallographic e unitTypes
e Spectra « data types

Documentation:
http://www.xml-cml.org/ Impose data models and

. o semantics on sections of
Validator Service:
http://validator.xml-cml.org/ CML documents
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Dictionaries

<entry id="counterpoiseEnergy" cmlx:name="counterpoiseEnergy" cmlx:type="xsd:float"
cmlx:definition="energy calculated by the Counterpoise method; differentiate from Counterpoise

keyword which takes an integer"

cmlx:description="Counterpoise method resultant energy" cmlx:superclass="property">

<h:p class="manual">

See <h:a href="http://www.gaussian.com/g_tech/g ur/k_counterpoise.htm">Gaussian@9 online manual</h:a>

</h:p>
<h:p class="notes"><h:pre>
Example:
Counterpoise: corrected energy =
Counterpoise: BSSE energy = ¢ e
</h:pre>
Units are not specified, we guess tli
</h:p>

</entry>

#f% UNIVERSITY OF
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Implicit semantics
“Compound 2a melted at 119°C”
humans are good at interpreting this; machines see just a string.

Explicit semantics CML Schema
<cml:molecule®ref="2a’">
<gml:propsrty> "~ Molecules in CML/InCh|

<eml:scalar dictRef="prop.mpL"”

: =10 : . 1 "
units="units: propertyDictionary
dataType="xsd:float”
>119</¢ml ;scalar> unitsDictionary
</¢ml:property>
W3CSchema

<fcml:molecule>

4 namespaces, 3 dictionaries




JUMBO-Converters

Legacy

Syntactic

File

\/_

CIF
GAMESS-UK
GAMESS-US

GAUSSIAN
NWCHEM

Semantic

>  ‘Raw’ CML
\/_

Reflects structure of
legacy input format
Properties and parameters
are referenced against
application specific dictionaries

> ‘Complete’ CML
\/_

Data re-factored to fit
standard data model
Where possible properties
and parameters referenced
against standard dictionary

Loss-less transformation
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CLARION

Crystall- EmMa Internal
ography : us;a ' Scientist
Files (CIF) Interface

repository

EmMa
Embargo Mgr RDF triplestores
+ chemical indexing

+ static web pages

Data Releaser

4‘ <y
: CHEM-@ )
: re p OS i to ry e i
Publications Ex_terrtl_alt
cientis

database
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CLARION: Embargo Manager

| 59 CLARIOMN: Embargo Man... +

€« C M @ emmalocalhost:3080/data;state=NEW

BB CLARION

open data repository Feeds | Data | Group | Help | Logout

University of Cambridge » Department of Chemistry

s [ publish ] [ later ] [ delete ]
Embargoed —
Published |:| xray/wj9905 - bis(1-hydroxy-5-methyl-thiazolinethione )cobalt(II), dimethylsulphoxide solvate
Deleted [ xray/wijoo04 - bis(1-hydroxypyridine-2{ 1H)-thione)nickel(II} dimethylsulphoxide solvate
y [ = xray/wjo440 - ¢, H , N, 0,5
All data — .
[ = xray/wj0302 - C,, H,5 CIN O,
[ = xray/wj0002 - C,, H,, NO,
1= xray/if9902 - C,, H,, N,

1= xray/if9901 - C,, H,, N,

(& xray/ifo302 - C,, H,, 0,

&l xray/if0301 - €,z H,, N O,
[l xray/if0201 - C,5 Hyy N, O, Si
[ &l xray/if0103 - €5, Hy, N, O, Si
& xray/if0102 - €,; H,, Br 0,

[ & xray/if0101 - €, , H,, O Si

(1= xray/ifo001 - ¢, , H,, NO
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CLARION: Embargo Manager

Eﬁ CLARIOMN: Embargo Man...

L C M © emmalocalhost:8080/data,/xray/wj9904

Department

Public bis{1-hydroxypyridine-2(1H)-thione)nickel(ll) dimethylsulphoxide solvate
Deleted

Title:

all data Crystal system:

orthorhombic

Chemical formula sum:
Cy3 Hag Mo Ni 04 54
Compound class:
organometallic

Cell parameters:
a=7.943 b=14.506 c=17.126
a=90.0 p=90.0 y=90.0 Click t. activat: Jmol
Chemists:
A.D Bond; W.Jones

Data publication

— Publish to Department:

@ Mot at this time
Solvent: @ asap

O on|dd-mm-yyyy B

— Publish to Public:

@ Mot at this time
@ asap
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Chempound

linked open data:
the chemical semantic web

hhhhhh

Chempound stores ,i( Atom
legacy and semantic files
indexed using RDF

el
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The future?

Bob

L
Yo
) l,;,:[_.__JL__.‘ i

l- =sword /=

f %, custom feeds

".*
Google reader
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Data Is exciting!

and we can’t predict what people will do with it
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New ways of visualising chemistry

Yield
100 % —

[
4 F

:T I

195 K

298 K
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. s Map Timeline Mashup

C ff  © benosteen.com/time

IUCr Crystal publication data

Authorship - as an interactive display based on the date of publication and the location of the author.

The IUCr articles have rich and open metadata, allowing for repurposing and reuse. Here, is a visualisation of where each author of a paper is affiliated, running against
a timeline for when the articles were published. Scroll the timeline from the right-hand side to the left to go forward in time. The map below is a google map and can be

zoomed and panned as desired.

@Hong-Jun Zhu

3as @Guang-Liang Song
@Sun, Hongjian
@Yu-Guang Ma
@Garc\'ia-Ant\'on, Jordi
@Zubieta, Jon
@osefina Pons
@Timothy Korter
@Ouellette, Wayne

@sShan Liu
ang @Wei Chen
| @Hzi;Quan Zhang
=
¥
T
E 2008
1]
(][]
N2
ERs North Pacific
lapan Ocean
México
Ci
e
-alia South
4 Pacific
Ocean
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@Tickink, Edward R. T,

@Steyn, Maryke
@Pong-Sheng Xia
@Yang: Xin-Ling
olevric, Martyn
@Bao-Min, Xi
@Roodt, Andreas
@Professor M. F. Zid
@Booth, Kathrine V.
@Mario V. Capparelli

@Ferrence, Gragory M.

@Fleet, George W. J.

North
Atlantic
Ocean

Mauritania Niger

Brasil
Brazil

South
Atlantic
Ocean

@?aramillo, Luz Marina
@~dams, Christopher J.
@Professor Wen-Zhi Zhang
@Professor Wojciech M. Wolf

@Pr Seik Weng Ng
@~ghabozorg, Hossein
@\"Ozel G\"uven, \"Ozden
@Puvaneswary, Subramaniam
@~lhadi, Abeer A,

@E. P. Sowmya

@%Xizo-Ru Zhang
@Robinson, Ward T.
@H\"okelek, Tuncer
@Heng-Yun Ye
@Fang-Fang Jian
@%Xiao-Qiang Qin

2009

m
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Visualisation

?{"Pivot ‘ oo Go > filei///D:/workspace/clarion/cifpivot-data/output/cifs.cxml c- * H _0X
| CIF collection | Colour: colourless [ | + 25 lm
Sall Crystal System ~
Filter by Keyword

Crystal System
Research Group
Space Group
R-Factor (all)
Crystal Description

Colour

Sort: Quantity

« colourless
?
red
yellow
orange
green
black
dark
white
brown
v dark
dark red
pale yellow
transparent
block
colorless
pink
purple
blue 3 em
deep red

v

1t cubic hexagonal monoclinic orthorhombic rhombohedral tetragonal triclinic trigonal
Volume

A O = " +

# Discover More Collections -
Home History Pivot Colle: OF collectic ===
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Summary

» Data drives science, but masses of scientific data is currently lost

« Publication needs to be easy — fit into scientist’s existing workflows
« Archiving is not enough — must plan for reuse

« Semantic, linked open data is the solution

« Existing standards where possible, but need domain knowledge

« Data publication will grow.

Faster Science, New Discoveries, Avoid Duplication, Improve Repeatability,
Advertise Work, Better (communal) Tools, Funder Mandates, Improved Data
Management
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Thank You
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Chemistry Add-in for Word

Home Insert Page Layout References Mailings Review View Developer Search Commands

E E

1 J i |
Markas View Edit |Chemistry
Chemistry ¥ Navigator

2| Chemistry Gallery ~
Save Selection

74 From File

O R T e R & ot P O £ o

| +14 1 +15 . | - AU

directory

. A lookup for each of the items referenced in the document (e.g.
file images, sounds, footers, styles and embedded OLE objects)
package

— _rels Data linked to a content control

L document.xml.rels in the document
— customXml /—//
I: iteml.xml

itemPropsi. xml A static image - this is displayed in
pst- the document if the content control is

— docProps a picture.
— word
_rels
media
L_ imagel.png The text of the document. This also contans

theme “?//////f—h links to other objects retrieved via lookup.

document. xml
 [Content_Types].xml

k/- Contains MIME type information for parts of the package.
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Chemistry Add-in for Word

C,H:O

Preparation of 4 — (tert — butyl — dimethyl — silanyloxy)butyne 155

N

To a solutiof of butynyl alcohol 154 in DCM (250 ml) at 0°C was added TBDMSCI (1.02 eq., 0.24
mol, 36.18 g) and DMAP(MW=122.17, 200 mg, 1.6 mmol). Et;N (MW=101.19, d=0.726, bp=89°C,
0.25 mol, 25.29 g = 34.85 ml) wbs subsequently added via syringe and the reaction mixture stirred at
0°C for 2 h, after which it was warmed to rt and stirred for a further 6 h, until completion as judged
by tlc. The mixture was poured onto saturated NH,Cl solution (800 ml) and extracted with Et,0 (3 x
300 ml). The combined organic extracts were washed with brine (500 ml) and dried (MgSO,),
filtered, and concentrated in vacuo, yielding an oil which was purified by filtration through a pad of
SiO, (eluent PE:Et, 0 10:1) giving compound 155(36.10 g, 19.6 mmol, 83%) as colourless oil.
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