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Premise

@ Representing specific chemicals routine since 1980s
> e.g. the MDL Moltile CTAB for organics

@ Most real world encounters are mixtures

¢ No industry standard format...

> ... even though it's rather easy
> Interchange is done with text
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¢ Grant-supported project to:

> define a simple format (Mixfile)

> create open source tools for editing & manipulating
> bootstrap content via text mining

> work with ITUPAC for interoperability (MInChl)

@ Results pubished in Journal of Cheminformatics 11:33

COLLABORATIVE DRUG DISCOVERY - MIXTURES



Common Lab Mixtures
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File Format N

Lithium diisopropylamide
1 mol/L

*® Mixfile i1s to mixtures as Molfile is to

@
molecules ,i 7
8
¢ Components: o~~~
> structure & name H
> concentration -
> Identlfers - meth}/gcy_/cé%pggmtane

¢ Hierarchy Y\/

2-methylpentane
1-5%

> captures nuances of mixing \)\/
> relative concentrations/uncertainty

— other isomers
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Representation

¢ Serialised using JSON: natural datastructure, human
readable, concise, easy to code on any platform

"mixfileVersion": 0.01,
"name": "Lithium diisopropylamide solution",
"contents":

[
{
"name": "Lithium diisopropylamide",
"molfile": "\nGenerated by WebMolKit\n\n 8 6 0 0 0 0O O 0 0 0999 v2000\n 0.2500 1.5000 0.0000 N o 5 0 0 0 0 0 0 O
0\n -2.3481 1.5000 0.0000 C 0 0 0 0 O

0 0 O\n -1.0490 0.7500 0.0000 C o 0 0 0 0 0o 0 0 0 o0 O
0 0 0 0 0 0 O\n -1.0490 -0.7500 0.0000 C 0o 0 o 0 000 0 0 0 0 O\n 1.5490 0.7500 0.0000 C 0
0 0 0 0o 0 00 0 0 0 O0\n 2.8481 1.5000 0.0000 C 0o 0 0o 0 00 0 0 0 0 0 O\n 1.5490 -0.7500
0.0000 C 6 0 0o 0 000 0 0 0 0 O\n 0.2500 3.0000 0.0000Li o 3 0 0 O O O O O O O O\n 1 2 1
o 0 0 O\p.. 2 3 1 0 O O O\n 2 4 1 0 O 0O O\n 1 5 1 0 0 0 O\n 5 6 1 0 0 0 O\n 5 7 1 0 0 0 0\nM
CHG 2 1 -1 8 1\nM END",
"quantity": 1,
"units": "mol/L",
"inchi": "InChI=1S/C6H14N.Li/cl-5(2)7-6(3)4;/h5-6H,1-4H3;/g-1;+1",
"inchiKey": "InChIKey=7ZCSHNCUQKCANBX-UHFFFAOYSA-N"
br
{
"contents":
[
{
"name" . "THF" ,
"molfile": "\nGenerated by WebMolKit\n\n 5 5 0 0 0O O 0 0 0 0999 v2000\n -0.2500 3.7500 0.0000 © o 0 0 0 0 O
0 0 0 0 0 O0\n -1.4600 2.8700 0.0000 C 0o 0 0 0 0 00 0 0O 0 0 O0\n -1.0000 1.4400 0.0000 C 0 0
0 0 0 0 0 00 0 0 0\n 0.9600 2.8700 0.0000 C 0o 0 0 0 0 00 0 0O 0 0 O0\n 0.5000 1.4400
0.0000 C o 0 o o o0 o o o0 o0 o0 0 0\n 321 0 0 0 On =2 1 1 0 0 0 On 1 4 1 0 0 0 O\n 4 5 1 0
0 0 O\n 5 3 1 0 0O O O\nM END",
"ratio":
[
1,
8
I
"inchi": "InChI=1S/C4H80/cl1-2-4-5-3-1/hl1-4H2",
"inchiKey": "InChIKey=WYURNTSHIVDZCO-UHFFFAOYSA-N"

by
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Tooling

¢ Editor & libraries written in TypeScript, cheminformatics
lilbrary: WebMolKit

® Create, modify, view & render Mixfiles

¢ Open source https://github.com/cdd/mixtures
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Mixture Data

n-Butyllithium solution
7 Product Results | Match Criteria: Property, Product Name

Hs«C” "L  Synonym: n-BuLi, Butyl lithium, Butyllithium solution, Lithium-1-butanide

Linear Formula: CH3(CHg)3Li | Molecular Weight: 64.06 = CAS Number: 109-72-8

@ | ots of mixtures, P —

b u 't m O S-t | y text ] 302120 2.0 M in cyclohexane Sigma-Aldrich #SDS Pricing &
20159 2.7 M in heptane Sigma-Aldrich &SDS  Pricing ©
) 230715 11.0 M in hexanes Sigma-Aldrich 2508 Pricing ©

@ ACtiVe i n g red ie nt ) 186171 1.6 M in hexanes #SDS Pricing @
Often Separated ‘ Show All 7 Results v

tert-Butyllithium

1 Product Result | Match Criteria: Product Name

> p U rl’[y oo

CH,

[> S O | Ve n t/C O n C 8.14147 (approx.15% solution in n-pentane) for synthesis Sigma-Aldrich #SDS Pricing @

tert-Butyllithium solution

1 Product Result | Match Criteria: Keyword

@ S e m | - St r U Ct U re d CH3  synonym: Lithium-2-methyl-2-propanide, t-BuLi

HaC Li Linear Formula: (CH3)3CLi | Molecular Weight: 64.06 | CAS Number: 594-19-4

databases also

] 186198 1.6 M in pentane Sigma-Aldrich #SDS Pricing &
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Text Extraction

. [1—Aza—12—crown—éq[2|97.0|%} / \

¢ Many common patterns in il [NH 0]
text descriptions [Nﬂ)j o o
oo N/

\_/ 1-Aza>-=129-;:r§/>(:/vn-4

[Trimethyl(trifluoromethyl)silane -SGJHJEFGFEII:ZJ_I\/IH[E TH Fi|

¢ ¢ gi

O - |

- Trimethyl(trifluoromethyl)silane
—Si g 2 mol/L
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Brute Force

¢ Compose a set of regular expression rules

® Remove brand names:

{"effect":
{"effect":
{"effect":
{"effect":
{"effect":

"remove", "regex":
"remove", "regex":
"remove", "regex":
"remove", "regex":
"remove", "regex":

® Remove sufifixes:

{"effect":
{"effect":
{"effect":
{"effect":
{"effect":

"remove", "regex":
"remove", "regex":
"remove", "regex":
"remove", "regex":
"remove", "regex":

.*)A[cC] [rR] [00] [sS] Organics?™?(.*?)S$"},
.*)AcroSeal™? (.*?)$"},

.*)Alfa Aesar™?(.*?)$"},

.*)BioReagents™? (.*?)$"},

.*)Burdick \\& Jackson™?(.*?)$"},

.*)\\ (Technicall\\)$"},
.*)\\ (Certified\\)$"},
.*)\\, pures$"},

.*)\\, for analysis$"},
.*)\\, extra pure$"},
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Brute Force (ctd)

@ Concentration suffixes:

{"effect": "conc", "regex": "(.*) (\\A[\\d.]*)%, ee \\dA[\\d.]*.%$",
"quantity": "$2","units": "%", "relation": ""},
{"effect": "conc", "regex": "(.*) 2 ?2(\\d[\\d.]*)%s$",
"quantity": "S$2","units": "%", "relation": ">="},
{"effect": "conc", "regex": "(.*) [Ss]lolution (\\d[\\d.]*) °?MS",
"quantity": "S$2", "units": "mol/L"},

¢ [dentity branches (with guantities):

{"effect": "branch", "regex":
"(.*) \\ (over (molecular sieve .*)\\)", "substance": "S$2"},
{"effect": "branch", "regex": "(.*) (\\A[\\dA\\.]*) ? mM in (.*)",
"quantity": "$2", "units": "mmol/L", "substance": "S$S3"},
{"effect": "branch", "regex":
"(.*%) N\\~2\\A[\\A\\.1*\\s?% in (.*) \\((\\~?) (\\A[\\d\\.]*) M\\)§",
"quantity": "$4", "units": "mol/L", "relation": "S$3", "substance": "S$2"},
{"effect": "branch", "regex":
"(.*)\\, (\\A[\\d\\.1*)\\s?M [Ss]olution in (.*)",
"quantity": "$2", "units": "mol/L", "substance": "$3"},
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Implementation

¢ Apply regular expression rules greedily/recursively

> package up into hierarchical components
> substances referenced by name

¢ Use OPSIN for name-to-SMILES, RDKIt to depict
¢ Use lookup database for:

> common exceptions (e.g. trivial names)
> named mixtures (e.g. hexanes)
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Results

¢ Aggregated thousands of single-line text entries,
mostly from online catalogs

@ 5600 mixtures veritied & included on GitHub using
the Mixfile format

@ Success rate ~95% with:

> 250 regular expression based rules

> 280 name lookup mappings

@ All of them with calculated MInChl strings...
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MinChl

¢ Mixtures InChl is a composite notation...

> Mixfile encapsulates Molfiles + extra metadata
> MInChl encapsulates InChl + extra metadata

@ Distilled down to the basics:
> canonical structures

> simplitied concentration
> nesting hierarchy

¢ Useful to accompany primary originated data
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Dissection

(a) O, MInChi=0.00.15/C7H8N402/c1-10-3-8-5-4(10)6(12)11(2)7(13)9-5/h3H,1-2H3,(H,9,13)/n1/g99pp0
ot t t 1t
o N header structure identifier Indexing concentration

(b) Br___Br MInCh1=0.00.1S/BBr3/c2-1(3)4&CH2CI2/c2-1-3/h1H2/n{1&2}/9{1mrO&}

=
(c) Li+ MINChl=0.00.1S/C4H80/c1-2-4-5-3-1/h1-4H2&C6H12/c1-6-4-2-3-5-6/h6H,2-5H2,1H3
i N~ &C6H14/cl-3-5-6-4-2/h3-6H2,1-2H3&C6H14/c1-4-5-6(2)3/h6H,4-5H2,1-3H3
Y &C6H14/c1-4-6(3)5-2/h6H,4-5H2,1-3H3&C6H14N.Li/c1-5(2)7-6(3)4;/h5-6H,1-4H3;/9-1;+1
TS IN{6&{1&{3&2&4&5}}}/g{1mrO0&{1vp0&{5:7vf-1&1:2vf-1&1:5vf-2&1:5vf-2} 7vp0} }
O
1) ® Mixfile to MInChl: designed for one way
NS . .
conversion (verbose-to-concise)
] é ® Reduced information content of MInChl
Tt adds value for certain use cases
QV ¢ Proof of concept implemented
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Future Work: ELNs

® Embed convenient Ul within web ELN

> sketch out mixture definitions for procedure writeup
> quick lookup databases of known mixtures

> search content using precise mixture-aware
gueries

¢ Vendor integration

> work with vendors to markup their products
> sclentists can use product code to embed mixture
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Future Work: Text Extraction

@ |nitial proof of concept is eftective but crude

@ Planning a much more sophisticated iterative-learning
strategy: start by formulating input for recurrent deep
neural network

Trimethyl (trifluoromethyl) silane 2 M in THF

m component m quantity wm branch

.. =5 -4 -3 -2 -1 0 41 +2 +3 +4 +5 ...

@ . . (... *, *, *, * % T, r, i, m, e, t ...] = mcomponent
Learning from input/
(... *, *, * * T, r, i, m, e, £, h ...] = mcomponent
(... *, *, *, T, r, i, m, e, £, h, y .1 = mcomponent
output data rather than & vy n ey T
curated rules: more o Lw t d e m 2 M L4 -
[ u, t, i, o, n, , 2, M, , i, n ...] =
[ t, i, o, n, , 2, M, , i, n, .1 = mquantity
Scalable [ i, o, n, , 2, M, , i, n, , T .] = mquantity

COLLABORATIVE DRUG DISCOVERY - MIXTURES



Future Work: Molecules

@ Structures currently limited to = Molfile/InChl subset
¢ \Want to extend to:

> inorganics (non-integral bond orders)

> polymers (repeat units & distributions)

> variations (Markush structures, partially definitions)
> large molecules (proteins, DNA)

> pseudomolecules (ceramics, alloys)

¢ More formal definition of ID codes (CAS, PubChem, etc.)
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