Putting together the pieces:

Building a reaction-centric
electronic lab notebook for
mobile devices

Alex M. Clark, Ph.D.

November 2013



MOLECULAR MATERIALS INFORMATICS 2

ntroduction

‘I_E:I: t

125*
"

wi
2%
y'_m
}ﬂ
<

mainframes personal computers mobile tablets
minicomputers portable laptops smartphones

* The mobile platform is revolutionary: a clean break

- entirely new user interface / user experience
- no backward compatibility

- highly constrained resources

- applicable to entirely new situations



Disruption

* Entire software industry = mobile, like it or not

no learning
curve

app user
expectations

delightful
to use
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* Tiny screens (palm-sized)
* Fingers instead of mouse

e Reduced computing power
® [ imited storage

e Delegate tasks to cloud servers: [
split between Ul & API

e Multiple platforms
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hemistry App Ecosystem

e Reference data
e Fducation

e Structure drawing
SPoEe . e Database searching

v e 3D viewing
~ @ @ e Reactions & collections
0 Wa Nansd. n e Property calculation
e Model building

e Graphical presentation

e Data sharing
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Reaction Lab Notebook? <

e Electronic Lab Notebooks: huge business
e Some products targeting /Pad or mobile web
e Reaction-centric lab book app:

- should understand chemistry

- easy access to reference information

- Incorporate green chemistry metrics

- make It easy to share or centralise data
- appeal to academia & industry
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Reaction Ganvas

e Reactants and products: atoms & bonds (mostly)

O
Ru complex
CN OH ligand, base NJK/Q

+ < H
©/\/ O/\/ toluene, 110 °C ©/\/\

e Component separation: layout dependent

e Reagents, solvents, conditions: essentially
meaningless

Hong et al, JACS,
135, 11704 (2013)
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Reaction Representation

e Markup as component structures:

reagents | .../
reactants J 4 products

©/\//)\I + HO/\/@ YSW/ > @/\/\H)OK/Q

e Properties can be associated with each
component, e.g. name, stoichiometry

e Draw each structure separately
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Sketcher

e Drawing reactants & products
on an iPhone Is quick

/)\| Mobile Molecular DataSheet '
| + N + Ne + Ne ‘O Run
* /\/© e ‘ Data Z\h H React‘::ms H Te mplwt H Search ‘
HO ~ — ;
l : ~ 0 , | Os OH A =~

T/J 0o N~ N [| 3

)O k/@ ’k Amilde Fo;:;tion eaction

QA

SR _
-_-‘ Small Rings Template

—| x

A | O
® Reagents & solvents added Q SIS,
subsequently ® () (i ) ©
CHICICDICS

W

PPh, Br
¥ —
Ph,P Ru H N\/N
//C :
d PPh,
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Organometallics

ocal sty

readabll

bonding?
oxidation state?”

L/H

| —Ru—H
/
OC

»\L

carbonyl?

_I_

D N

e conventions anathema to

ity...

salt? formula?

Brg / YLH

N /

graphic
object
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Organometallic Anatomy

e Commonly used connection table formats are
unable to provide aesthetics or accuracy

zero bond
(dative) P Ph 3
single bond

\/r /E/ (anionic)

Ph P.““ RU_Y\I_IAS g\I:cltlrons

o

o

o
Zero hydr(ens; C E _____________ /Inll\ne( gbare\éi)ation
(carbene-like) : 18M15
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SketchEl Format —

SketchEl! (8,7) e Used by open source
Ru=0.0143,-1.3143;0,0, 10 :
H=2.2104,-1.3143;0,0,i0 SketchEl & mobile apps

H=1.5672,0.2386;0,0,10

P|Ph{3}=0.0143,-3.9763;0,0,1i0, L
maSketchEL! (200002¢22) \0ooax | @ Core principles:

P|Ph{3}=0.0143,1.3477;0,0, 40,
=aSketchE1l! (20\002C22) \000A*

P|Ph{3}=-1.9857,-1.3143;0,0,10, ) ex:remle .m'mmal'sm
~aSketchE1! (20\002C22) \000A* - extensibility (forward)

C=-1.3975,-2.7260;0,0,e0 .

0=-2.4581,-3.7867;0,0, 40 - £6 O-order bonds

1-2=1,0 - virtual hydrogen control

1-3=1,0 C g L

1-4=0. 0 - Inline abbreviations

1-5=0,0

1-6=0,0

1-7=0. 0 S e | owest common

7-8=2,0 55M470UF3RU ; .

e 917.9517 g/mol denominator:

J. Chem. Inf. Model., 52, 3149 (2011) SketchEl = MDL Molfile
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Yield101

: {,N s B¢ ? I/--s'\ﬂ
/\/@ Ph,l'-""H;u—H NN Na_H | = g i SRS AN
HO c NANE N [ ] i
~NF

o PPh, JEE-canY #

Equiv: (T Equiv: N Equiv: IO Equiv: O Equiv: [O2 Equiv: O Equiv: | 1
Mass: 0.0655872 g Mass: 0.0671904g Mass: 0.0458976g Mass: 0.0116574g Mass: 0.00239977 g Mass: 0519 ¢ Mass: 0.125403 g
Volume: Volume: Volume: Volume: Volume: Volume: [INOEMETY  Volume:

Moles: [POIEWmMOIY Moles: [OBSmoN Moles: 0.05 mmol | Moles: | 0.05 mmol | Moles: 0.1 mmol | Moles: 0.00563283 mol Moles: 0.495 mmol
Density: Density: Density: Density Density: Density: [(NO865G/mE Density:
Conc Conc: Conc Conc Conc: Conc Conc
Primary: * Primary: Primary: Primary: Primary: Primary: Yield: |

P:r - P - O - O - Pemm P

©
-
o
N
T
D

o Prototype lab notebook already exists on the market

e Designed for undergraduates, more general use
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Quantities

Equiv: m
e otz | O [ Adds quantities to the Reaction

// Volume: .
©/\/ Moles: aspect: auto-interconverted
Density:

Conc:

primary: [ % e Green chemistry:
cquv: (I (9

Mass: 0.0671904 g

Volume: -
/\/O Vo solvent referenpe |
HO Density: - pl’OCeSS maSS IﬂteﬂSIty

Conc:

Primary: Ca|CU|at|Oﬂ
PPh, Equiv:

Mass: 0.0458976 g
: H )
s Volume:

e Automatic lookup of structures,
PP BUTH | wotes: 008 mmal | cross reference to Mobile

Density:

/C :
o PPh Cone: Reagents

Primary:

courv: | .
Mass: | 0.0116574 g ® GraphICS creation

Volume:

&

Moles: 0.05 mmol

Densiy: il ° Private & public sharing of data

Conc:

Primary:
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Public )

Solvent |

SO

s

O/

PPh,

Molecular Formula:

Molecular Weight:
Equivalents:

Mass:

Moles:

(Primary Reactant)

Molecular Formula:

Molecular Weight:
Equivalents:
Mass:

Moles:

Molecular Formula:

Molecular Weight:
Equivalents:
Mass:

Moles:

Molecular Formula:

Molecular Weight:
Equivalents:
M .

CoHsN

131.174 g/mol

1

0.0655872 g (calculated)
0.5 mmol

CgHz()O

122.164 g/mol

1

0.0671904 g (calculated)
0.55 mmol

CsH,,OP;Ru

917.952 g/mol

0.1

0.0458976 g (calculated)
0.05 mmol (calculated)

CoH,;BrN,
233.149 g/mol

hardcopy:
print or
export
PDF
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@ MolSync Sharing

> molsync.com

o
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W Tweet 0

MolSync Sharing

HEON 9fFo0OCcHLoSsBH

Public Sharing

Choose Format
DataSheet XML
MDL RDF (reactions + data)
MDL RXN (single reaction)
PNG image (raster)
SVG picture (vector)
Encapsulated PostScript (vector)
ZIP (multiple PNG files)
ZIP (multiple SVG files)
HTML with embedded SVG
Microsoft Word
Microsoft Excel

Graphic Options
Sizing:
Angstroms-to-Points: 30

Rendering: v

Reactant
Equivalents: 1
Primary reactant
MF: CgHgN

MW: 131.174
Moles: 0.5 mmol
Mass: 0.0655872 g

Reactant
Equivalents: 1
MF: CgH400

MW: 122.164
Moles: 0.55 mmol
Mass: 0.0671904 g

Reactant
Equivalents: 0.1000
MF: CsngOPgRu
MW:917.952

Mass: 0.0458976 g
Moles: 0.05 mmol

Reactant
Equivalents: 0.1000
MF: CgH17BfN2
MW: 233.149

Mass: 0.0116574 g
Moles: 0.05 mmol

Product
Equivalents: 1
MF: C,;HgNO
MW: 253.339
Yield: 99 %
Mass: 0.126669 g
Moles: 0.5 mmol

SC
up

neme

oaded

Public

Persistent

URL access

Formats

Graphics
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Manuscripts

R R (|
ile ‘ ‘e I rt Page J_a ut Re felL_eJnces Mailings
S .
% D Ruler | 3 )
D Gridlines \

|J V ]
Print |Full Scr ‘eb Outline Draft o Zoom 100% __ B New Arrange Split Switch Macros
' Layout | Readin g L y ut [1] Navigation Pane =] Page Width Window  All Windows -

Reaction

PPh -
- ¥ ) i
* /\Q o Ph3P-~-°-._R.u—H + 0.1 [T\ ©/\/\ N/I
HO c’ NS N H
& bph, Y N \(

Page:1ofl | Words:1 |

e Export MS Word/Excel documents: DrawingML

e Encapsulated PostScript (EPS)
e Scalable Vector Graphics (SVG)
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Reaction Lab Notebook

Core Technology

Enhancements

® react]

on drawi

® quan

ity calcu

® green metrics
® graphics

e public databases
® data sharing

e structure drawing

Y

ation

e professional chemists
e calculation services

¢ reference data

® green chemistry

e usability

e data centralisation

e sustainable business




The Green Lab Notebook (GLN)

Transforms

Tutorial «

Feedstocks «

Solvents «~———

Green
Chemistry
Principles

MOLECULAR MATERIALS INFORMATICS

L Ao Ho LA o

—O0H N_OH ~_ ot i ~~or

Experiment
N e Folders

Scratch
+ Sheet

» Templates
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e (Groups of experiments

e Stored locally on device:
network optional

e Synchronised to central
location

* Expand on the pasic reaction
definition...




o Multistep reacti
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Br

+
iPr—NN~ipr

Na—H

Multistep:

*
*

ey

*

* waste

reactant
reagent

ntermediate

oroduct

Reaction Experiments

on editor, more supporting fields

/Pr EPh3
Ph___Ph
( )=Ru—H + i + |Na—Br H—H
iPr o I'DPh3
.- * guantities
NNy % conditions
- * |iterature
Y * freeform
- * metadata
|Pr/N/_\N\iPr
/Pr.\n/
N H Ph___Ph
[I_\I )ZRU/_H + i + [Na—Br H—H
br o’ Pph,




MOLECULAR MATERIALS INFORMATICS

Green Metrics

| mass of all reactants
Process Mass Intensity (PMI) = @
mass of products

mass of waste
E-factor =

mass of products

2 molecular weight reactants

Atom Economy = .
2 molecular weight products

e Databases: e.g. Toxics Release Inventory (TRI), Persistent
Bioaccumulative Toxic Chemicals (PBT)

e Curate as structure-searchable database, automatic recall
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Green Solvents

Carrier = 6:27 PM

(Q) commansavons () @D

>x< Formic acid
Class: Acid
CASRN: 64-18-6
Safety: 2
)O|\ Health: 6

EnvAir: 5

H OH EnvWater: 4
EnvWaste: 7

CSID: 278

Class: Acid
CASRBN: 64-19-7
') Safety: 3
)k Health: 6
EnvAir: 6
OH EnvWater: 3

EnvWaste: 6
CSID: 171

Class: Acid
CASRN: 79-09-4
Safety: 2

\)Ok Health: 5

EnvAir: 6

OH EnvWater: 4

EnvWaste: 6
CSID: 1005

Class: Acid
CASRN: 108-24-7

0O 0O Safety: 3

—nvironmental data from ACS GCIl & GSK
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Feedstocks
@ F2§£'I3‘é'.ls ¢ Reference collection:

>X< ethanol

Source: Fermentation
- Info about supply chain
|

Sic glucose - encourage renewable use

Source: Biomass
@) O

HO
HO:QZOH

e | ink lab-avallable quantities to
experiment records

OH

Source: Fermentation

T N"0H . .
e Could synchronise with
* thiophene

S Source: Fossil I nve qOry SOft\Nare
O

e | ookup In vendor catalogs...
HZN\)kOH

Source: Biomass
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3-phenylpropanenitrile Name: 3-phenylpropanenitrile

Synonyms: 3-phenylpropionitrile P I\/l etaSGaI’C h

copy | import | [EENCTSTeTIRICS
$ Sourced from PubChem

3-phenylpropanenitrile PubChem: 12581 - P u b C h e m

Vendors - ChEB|

ChemExper Chemical Directory

HeV@@ @RUYTYZ @@ @@ - ChemSpldel’

ZINC
propylbenzene ZINC01747831

Sigma-Aldrich

171573_ALDRICH e \/endor links

4-phenylbutanenitrile MolPort
MolPort-003-927-093

AKos Consulting & Solutions aval |ab | e

AK 121591
ChemFrog

$ Che-mi:e;l78;nthesis Database ® Caﬂ Iﬂtegrate

4-phenylbutanenitrilium 645-59-0

IS Chemical Technology more SerV|CeS

114-50114
Close Amadis Chemical

7 4 206252
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- Templates
@ Templates @

Small Rings

A OO O O &y

A0 O (o0 e Advancec
oo & O G| placement

G0 O QA O algorithms

—ditable list

Terminal Groups

e Complicated ring
Systems

® |[norganic ligands

Journal of Cheminformatics, 2:8 (2010)

PPh,

@ N)go %c "0

TR




MOLECULAR MATERIALS INFORMATICS

Reaction Transforms
Carrier ¥ 3:14 PM - 4 O
2
© e N S
AB Strem 1 H

e Provide a pre-curated list of "green’
reaction transforms

e Promote user entered experiments
into transforms (numbering, clipping)

e Assoclate with:

- reagents, catalysts & solvents

- stoichiometry & quantities

- yield & experimental conditions
& =& v e - literature & green reference data
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Reactants

s Products ™\ e Search by Reactants or

gru)i@ . @{N + HOAO Products

e Defer to webservice

J v
%KHKQ ~ @A +HO)© e User-defined transforms

& server collection

e Use sketch coordinates of query & transform
molecules to produce consistent orientations

o Allow fi

availabi

tering & sorting by yield, green metrics,
ity of ingredients, etc.
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Tutorials

e | carned the hard way: intolerance for steep
earning curves

e Scientific software is inherently complicated

® [WO strategies:

- j Tutorial

- workthrough tutorials
- feature level-up: unlock

e Careful to associate features with value
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Consumer vs. Enterprise

e Business paradox:

- apps expected to be low cost
- not all markets are high volume

Consumer Enterprise

® App Is cheap ® App cost negligible
® \\lebservices are free ® Services licensed
® Data access unsecured | ® Secure in-house data

® No integration ® Hybrid infrastructure
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Extensible DataSheet

'LJ - 'f}rr,‘:}JEl[:Er,i,:|'|rrfr,‘I‘rf':fr,ll,?J'J_J'll‘.‘., ds:Reaction Cor ~
File Edit View Help
Molecule © Role MW MF

C//N
©/\/ reactant 1 131.174 COHIN
/\/O reactant 2 122,164 C8H100
HO
e~~~ product 253.339 C17H19NO
PPh,
Php--Ri—H |reagent 1 17.952 C55H470P3Ru
o7 beh
Ao\ o / TRrM
\F"'\/‘k‘\/ reagent 2 233,149 COH17BrN2
/
lvent 92.1384 C7H8

* Need a well designed format

e Surprisingly few widespread

options, al

- M

- 1a

inadequate:

DL SDfile/RDtile

o/comma-separated text

- Excel

e [abular, typed columns

e Native molecules

o Extensible meta-layers
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DataSheet XML

<?xml version="1.0" encoding="UTF-8"?>
<DataSheet>

<Summary>

<Title>Reaction Components</Title>

<Description><! [CDATA [Compounds involved in amide formation reaction]]></Description>

</Summary>
<Header nrows="6" ncols="4">

<Column name="Molecule" type="molecule" id="1">Molecular structure</Column>

<Column name="Role" type="string" id="2">Role in reaction</Column>
<Column name="MW" type="real" id="3">Molecular weight
<Column name="MF" type="string" id="4">Molecular formula</Column>

</Header>
<Content>

<Row id="1">

<Cell id="1"><![CDATA[SketchEl! (10,10)
Cc=-0.8571,-0.7714;0,0,10
C=0.4419,-0.0214;0,0,12
CcC=1.7409,-0.7714;0,0,12
C=-2.1562,-0.0214;0,0,11
C=-3.4552,-0.7714;0,0,11
C=-3.4552,-2.2714;0,0,1i1
C=-2.1562,-3.0214;0,0,11
C=-0.8571,-2.2714;0,0,1i1
Cc=3.0400,-0.0214;0,0,10
N=4.3391,0.7286,;0,0,10

1-2=1,0
2-3=1,0
1-4=1,0
4-5=2,0
5-6=1,0
6-7=2,0
7-8=1,0
8-1=2,0
3-9=1,0
9-10=3,0
'End] ] ></Cell>

<Cell id="2"><![CDATA[reactant 1]]></Cell>
<Cell id="3">131.174</Cell>
<Cell id="4"><![CDATA[CO9HON]]></Cell>
</Row>
<Row 1id="2">

(g/mol)</Column>

¢ Minimalistic baseline
e Data types:

- molecule - integer
- string - real
- boolean - extend

e Header, column
definitions

e Content: row-major
e Streamable
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Reaction Aspect

<?xml version="1.0" encoding="UTF-8"7?>
<DataSheet>
<Summary>
<Title>Amide Formation</Title>
<Description><! [CDATA[] ]></Description>
</Summary>
<Header nrows="1" ncols="15">

<Column
<Column
<Column
<Column

name="ReactantMoll" type="molecule" id="1"/>
name="ReactantNamel" type="string" id="2"/>

name="ReactantStoichl" type="string" id="3"/>
name="ReactantMol2" type="molecule" id="4"/>

<Column name="ReactantName2" type="string" id="5"/>
<Column name="ReactantStoich2" type="string" id="6"/>
<Column name="ProductMoll" type="molecule" id="7"/>
<Column name="ProductNamel" type="string" id="8"/>
<Column name="ProductStoichl" type="string" id="9"/>
<Column name="ReagentMoll" type="molecule" id="10"/>

<Column
<Column
<Column
<Column
<Column

name="ReagentNamel" type="string" id="11"/>
name="ReagentMol2" type="molecule" id="12"/>
name="ReagentName2" type="string" id="13"/>
name="ReagentMol3" type="molecule" id="14"/>
name="ReagentName3" type="string" id="15"/>

</Header>

<Extension>

<Ext type="org.mmi.aspect.Reaction" name="Reaction">

<! [CDATA [nreactants=2

nproducts=1
nreagents=3
11>

</Ext>

</Extension>

<Content>

<Row id="1">

<Cell id="1"><![CDATA[SketchEl! (10,10)
C=-0.8571,-0.7714;0,0,10
C=0.4419,-0.0214;0,0,12
C=1.7409,-0.7714;0,0,1i2
C=-2.1562,-0.0214;0,0,1i1
C=-3.4552,-0.7714;0,0,1i1
C=-3.4552,-2.2714;0,0,1i1
C=-2.1562,-3.0214;0,0,1i1

e An aspectis an extension field

e Implies additional behaviour &
visualisation features

e Parser recognition optional:

- fallback to baseline specitication

- datasheet still highly editable

- backward and torward
compatible

e org.mmi.aspect.Reaction:

- comparable to MDL RDftile

- Includes reagent structures,
stoichiometry

- readily extendable



