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1980's

99%

H,O

Mixfile

MInChl

2020's

¢* Most mixtures stored as text or
custom table layouts

* Value of upgrading to
cheminformatics is well
established...

* ... with the right datastructure,
always just one script away from
what you need

* If you can represent it, you can
model it
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Mixfile/MInChl

1 mol/L

g

Lithium diisopropylamide

Lithium diisopropylamide solution =<

O

)

THF
1/8

(JSON-serialised)

hexanes

1

N

n-hexane
50 - 70%

O

methylcyclopentane
10 - 20%

\\(/\\//

2-methylpentane
1-5%

A

3-methylpentane
1-5%

—

other isomers

** Format needs to be:
> hierarchical
» embed structures when possible
> Include concentration information
> tolerate uncertainty
** More verbose ELN-friendly form is Mixfile

“* Concise form with canonical components is
MInChl (mixtures InChl)

MInChI=0.00.15/C4H80/cl-2-4-5-3-1/h1-4H2&C6H12/
cl-6-4-2-3-5-6/h6H,2-5H2,1H35C6H14/cl-3-5-6-4-2/
h3-6H2,1-2H3&C6H14/cl1l-4-5-6(2)3/h6H,4-5H2,1-3H35C6H14/
cl-4-6(3)5-2/h6H,4-5H2,1-3H354C6H14N.Li/cl1-5(2)7-6(3)4;/
h5-6H,1-4H3;/q-1;+1/n{6&{1&{3&2&48&5}}}/
g{lImrO0&{lvpO0&{5:7pplé&l:2pplé&l:5pp0&l:5pp0}7vp0}}




CDD,VAULT - Mixture Vault ~ Help - Log out

Data Creation I

O O Mixtures - mixture16_dish_liquid.mixfile

B &% O QW 8 % 5 54 1 3 2 D9 C MK B © @ O

How to make dishwashing liquid

L O 9D ID: 973478671
Project
Mixture Registration v

H,O

F
water
80.7 w/w%
NormalTexxt ¥+ 8 B | U S x* x, = = ¢ co il B O @) v & Saved
- 5 water (80.7 w/w%), sodium dodecylbenzene sulphonate (60%), water (40%) (11.7 w/w%), sodium lauryl ether sulphate (27%), water (73%) (6.6
S el w/w%), sodium chloride, coconut diethanolamide (1 w/w%), perfume, dye, preservative
— 11.7 w/w%
sodium dodecylbenzene sulphonate H O
60% - 2
water
H O 80.7 w/w%
] 2
water
40%
A e e e e N e [ Q
dishwashing liquid e O-/S\\o Nd 0=
ishwashing liqui — ' )
sodium lauryl %ther sulphate sodium dodecylbenzene sulphonate
6.6 W/W% 2 60%
H.,O H,O
. 2 —
water "Xaoto?r
73% o

0
N e e e e
Na -\s\/

+
o Na Cl_ dishwashing liquid }-4 o~ o)

sodium chloride sodium lauryl ether sulphate

0,
6.6 W/W% 27%

coconut diethanolamide
1 w/w% HZO
COSING 32918 water
INCI COCAMIDE DEA 73%

CASRN 68603-42-9

ECNO 271-657-0,931-329-6 +
- Na Cl
M perfume, dye sodium chloride
- preservative coconut diethanolamide
1 w/w%

COSING 32918
INCI COCAMIDE DEA
CASRN 68603-42-9
ECNO 271-657-0,931-329-6

'-| perfume, dye ‘

preservative

github.com/cdd/mixtures collaborativedrug.com




Formulation Example

* Many consumer products are well described
from a chemical perspective

* Some components are more easily defined
than others

**» When structure is not available, can use
external identifiers

“* Hierarchy encodes information about the
design of the product

** Concentrations can be expressed with
uncertainties

H,O

water
80.7 w/w%

11.7 w/w%

dishwashing liquid

sodium dodecylbenzene sulphonate

60%

H,O

water
40%

O
L OSSN
Na o'/\S\\/
O
sodium lauryl ether sulphate

27%

6.6 W/ W% {

H,O

water
73%

Na CI

sodium chloride

coconut diethanolamide
1 w/w%
COSING 32918
INCI COCAMIDE DEA
CASRN 68603-42-9
ECNO 271-657-0,931-329-6

perfume, dye

preservative




Comparisons with Structures

f O.__0O O.__0O HO.__O \
O = O substructure of OW(
O
K InChI=1S/C7H603/c8-6-4-2-1-3-5(6)7(9)10/h1-4,8H, (H,9,10) J

MW 300-500
\_

I

MW 400-700
/

CY 1.2Ban sCuOg4

Il

YBazCuSO7—6>

K A CHEBI:36962 organochalcogen compound \

/A CHEBI:36963 organooxygen compound

A Q.H.E.!%..I.....1..@.@ﬂé..sémghxq@.t@ S
A CHEBI:50699 oligosaccharide Y
A CHEBI:36233 disaccharide HO@‘OH
A CHEBI:24407 glycosyl glycoside —
HO O ‘\\\O OH
— ,
— HO" “OH




Search Queries
H,0 HO/\/\OH

* Looking for a certain subset of o I

external cleaning surfactants,

UNII K6790BS311

CASRN 9004-32-4

phosphate-free . -
F -—
~ Na OH NG 0=4 + \_O
sodium hydroxide [ N -_P N
sodium hydroxide 53% — 11.7 W/ W% =4 0 — . O/ \ .
p— 0.8 w/w% — ' sodium dodecylbenzene sulphonate @)
H 20 60% sodium mg?soi:ll\ll;c\:vrgfhosphate
- ter
wa
47% H.-O O
| 2

water toothpaste =4

O 40%

has |H,O| >40% N—o : I

abrasive cream cleaner =4— + N O~~~ X
O‘ Cé_l_ dishwashing liquid — Na odl \\O é/ O
calcium carbonate sodium lauryl ether sulphate sodiour; s7cco?arin
0 (0} .2 W/W%Yo
51.3 w/w% 6.6 W/W% — 27%

haS INCI COCAMIDE DEA + OQ T+ ||H,0 O"—CIPI)—OH H,0

Na " Na oy L S mo

O + dicalcium phosphate dihydrate
sodium carbonate — 50 w/w%
2 W/ W% [ Na CI .
has not substructure & AP
coconut diethanolamide - 9%
1 w/w% coconut diethanolamide sodium lauryl sulphate
_ COSING 32918 1 w/w% 1.5 w/w%
INCI COCAMIDE DEA - COSING 32918
K \ CASRN 68603-42-9 INCI COCAMIDE DEA = flavour
ECNO 271-657-0,931-329-6 CASRN 68603-42-9 L -
ECNO 271-657-0,931-329-6 preservative
I I - perfume, dye
O P O - preservative




Informatics Example nttps://tinyusl . con/

y3svytfp
= 4:13:00

 Solubility of theophylline

* Often delivered in liquid form with mixed solvents: optimising

proportion of drug is important

C 0
¢*» Consider a scenario where:
N
> all data was provided in Mixtures InChl form )N\ ‘
T

> these data exist in openly available repositories

H
N

N

~

)

J

* Query:

- | theophylline
> check that theophylline is present and has concentration nasal anti-inflammatory

> check that other ingredients are solvents

* Consider 4 papers with relevant solubility, published over 20 years...



Papers (x4)

PEG 400
33.3%

|

Ji

L

water L
50%

S R
0 - 0 x
H N b
. N WA N,
A A T AL
o N N || [IoZ>W N
| ;e3o4pzh ﬁq”iﬂ/e L ‘ )T/eL
TR l\cﬂ'll' .UJL
H{O\/j;OH e 7

H,O

water

H,O

water
66.7%

~"OH

ethanol

50%

o

7 \
< N “~ )

theo@ll |
[H theophylline > /o theophylline
0.0909 mol/L L 1 0.1001 mol/L
N
| methanol , i ™| methanol
~— 50 w/w% cetonifile 60 w/w%
AT N O
— HZO acetate — HZO
water water

‘,/l\v/OH

[ propylene glycol
58.4%

N

H
N
%

|

eoph

theophylline
0.0929 mol/L

-
Z0oH| O
methanol
— 70 w/w%
{
a'HZO acetone
water

N
O
H
N N
I At
O~ N

O
H
V \N)EN>
| O)\N N/

N
O H O
< N TN 3
N ‘ > _ /> \N/ N ‘ > )
A AN r A A
O N N heo£ O N N
/L
theophylline theophylline
17.97 g/L —O H[} 19.06 g/L
. H nOH 8 water O
PEG 400 70.8%
33.3% | water
e 1L )Oi/OH
Df %] 0

propylene glycol
29.2%

A

theophylline
0.0755 mol/L

ine |

>99

N
—
F

—OH

methanol

80 w/w%

H,0

water

ethanol
25%

0o ||\|

theophylline
0.0494 mol/L

yphylline
>99%

|

4 HC 5T

WaFe methanol
~H

1 90 w/wW%
n HZO ymethane

H'
| water

\ITI
rophylline
>99%
theophylline theophylline
22.59 g/L 26.52 g/L
e r-| mathannl
O\/j\
. H’E \/j\OH Lt ~OH
PEG 400 PEG 400
33.3% = 16.7%
41 H20 H || H20
water water
41.7% 28.3%
| H ‘ | H
N OH

A_on

propylene glycol
30%

tt
D. (

—Ol

L Aon

ethanol
25%

methan




All Together for QSAR

OH OH O O Cl Cl

Solubility| 1.0 —OH  on ooy L L on ™ Fon I N = X

0.699 1

15.19 1

1.04 1

3.142 1

0.784 1

0.91 1

6.3 1

13.7 1

11.6 1

13.58 1

6.73 1

9.3 1

8.20 0.8 0.2

16.38 0.5 0.5

13.60 0.2 0.8

15.39 0.333 0.667

26.6 0.5 0.5

17.97 0.083 0.584 0.333

19.06 0.708 0.292

22.59 0.417 0.25 0.333

26.52 0.283 0.25 0.3 0.167
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¢* Mixtures of ionic & neutral solvents can

Deep Eutectics / Carbon Capture

Table 10. Summary of CO, and SO, Solubilities in DESs and in Some ILs for Comparison Purposes®

DES components

IL HBD molar ratio absorbate solubility T/P (K/bar) ref
u choline chloride glycerol + DBN 1:2:6 CH_Cl:gly:DBN CO, 2.3—2.4 mmol/g ambient 225
a b S O r b g aS eS I I ke C 02 choline chloride urea 1:2 CO, 3.559 mmol/g 303.15/60 226
choline chloride ethylene glycol 1:2 CO, 3.1265 mmol/g 303.15/58.63 227
choline chloride ethanolamine 1:6 CO, 0.0749 mmol/g 298/10 228
MTPP_Br ethanolamine CO, 0.0716 mmol/g 298/10
TBA Br ethanolamine CO, 0.0591 mmol/g 298/10
5 [BMIM][PE,] - - Co, 0.200 mol/mol 298/12.99 204
e n e rg Q u e s [EMIM][BE,] - - Co, 1.5999 mmol/g 298/41.55 229
o pubs.acs.org/ EF choline chloride triethylene glycol 4:1 CO, 0.1941 mmol/g 293/5 230
DO I . '1 O '1 02 '1 /ef5 02 88 73 choline chloride phenol 4:1 CO, 0.2108 mmol/g 293/5
" " choline chloride diethylene glycol 4:1 CO, 0.1852 mol/mol 293/5
choline chloride glycerol 1:1 SO, 0.678 g/g 290/1 231
. . . . [DMEA][glutarate] (2:1) - - SO, 0.623 mol/mol 313/0.004 232
Deep Eutectic Solvents: Physicochemical Properties and Gas KsCN 5 0, L#mo/md ML 23
. . . acetamide KSCN 3:1 SO, 0.588 g/g 293/1
Se pa ratlon Appl |Cat|ons acetamide NH,SCN 3:1 0.579 g/g 293/1
CPL NH,SCN 3:1 SO, 0.559 mol/mol 293/1
‘ ;s T ‘ .« o T K . Jhcx urea NH,SCN 3:2 SO, 0.372 mol/mol 303.1
Gregono Gal‘Cla, Santlago AparIClo’* Ruh Ullah’ and Mert Atllhan* triethylene glycol (PEG150) DBG 1:1 CO, 1.04 mol/mol 298/1.0 234
[bmim][TEN] DBU 1:1 Co, 1.0 mol/mol 298/1.0 235
[N,5,4][CA] H,0 L:n CO, 0.66 mol/mol 298/4.4 236
choline chloride glycerol 1:2 CO, 3.692 mol/kg 303/58 237
[CPL][TBAB] 1:1 SO, 0.680 mol/mol 298/1 238
[CPL][TBAB] + H,0 1:1:4 SO, 0.52 g/g 293/1.0 239
OXC Wa nt 'tO m O d e I ? CPL—acetamide 1:1 SO, 0.497 g/g 303/1 240
. CPL—imidazole 1:1 SO, 0.624 g/g 300/1
[HMIM][T£,N] - - SO, 0.844 mol/mol 298/2.94 220
(hmpy][T£,N] - — SO, 0.844 mol/mol 298/2.96
. . . . . choline chloride 2,3-butanediol 1:4 CO, 0.0188 mol/mol 298/5.08 241
> fl n d I n g d ata I n I Ite ra't u re I S h ard choline chloride 1,4-butanediol 1:3 Co, 0.0164 mol/mol 298/5.09
choline chloride 1,2-propanediol 1:3 CO, 0.0165 mol/mol 298/5.14
choline chloride lactic acid 1:2 CO, 0.0248 mol/mol 348/19.27 242
choline chloride urea 1:1.5 CoO, 0.201 mol/mol 313.15/118.4 243
choline chloride urea 1:2 Cco, 0.309 mol/mol 313.15/1125
. . . choline chloride urea 1:2.5 CO, 0.203 mol/mol 313.15/1145
> C u rat I n g I S eXt re m e I y I a b O rl O u S choline chloride urea + H,0 50 wt % CH_CI + urea (reline) + 50% H,O CO, 0.111 mol/mol 313/7.8 244
choline chloride urea + H,0 60 wt % reline + 40% H,O CO, 0.103 mol/mol 313/8.06
choline chloride urea + H,0 70 wt % rel + 30% H,O0 CO, 0.097 mol/mol 313/8.09
choline chloride urea + H,O + MEA 50 wt % reline + 15 wt % MEA + H,O CO, 0.229 mol/mol 313/8.18
] n ] choline chloride urea + H,O + MEA 60 wt % reline + 10 wt % MEA + H,O CO, 0.202 mol/mol 313/8.25
’:‘ E aC h d ata pO I nt I S a m IXt u re choline chloride urea + H,O + MEA 70 wt % reline + 5 wt % MEA + H,0 CO, 0189 mol/mol  313/8.13
" “Acronyms: CH_Cl, choline chloride; DBN, 1,5-diazabicyclo[4.3.0]non-5-ene; MTPP_Br, methyltriphenylphosphonium bromide; TBA B,

tetrabutylammonium bromide; [BMIM][PF,], 1-butyl-3-methylimidazolium hexafluorophosphate; [EMIM][BF,], 1-ethyl-3-methylimidazolium
tetrafluoroborate; [DMEA][glutarate], dimethylethanolammonium glutarate; CPL, caprolactam; DBU, diazabicyclo[5.4.0]undec-7-ene; [bmim]-
[TE,N], 3-butyl-1-methylimidazolium bis(trifluoromethanesulfonyl)amide; [N,,,,][CA], triethylbutylammonium carboxylate; [CPL][TBAB],
caprolactam tetrabutylammonium bromide; [HMIM][Tf,N], 1-n-hexyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide; [hmpy][Tf,N], 1-
n-hexyl-3-methylpyridinium bis(trifluoromethylsulfonyl )imide.




Mixturfication

Moleculel Namel A Molecule2 Name2 2] Molecule3 Name3 A Ratiol || Rati.. || Ratio3 Dissolve
Cr
OH N
\V\/OH choline chiferide HO\)\/OH glycerol DBN 1 2 6 O=C=0 =11.3%
Cr 0
+ OH choline chloride urea 1 2 O0=C=0 co2
/\N\/\/ HZN) |\NH2
Cr
\\IV\/O H choline chloride HO\/\OH ethylene glycol 1 2 O=C=0U~_c02"==15%
N\
Cr
\\r/\/OH choline chloride HO\/\N H, ethanolamine 1 6 O=C=0 co2 =037%
N\
? — MTPP_Br \/\N H, ethanolamine 1 6 O=C=0 co2 =034%
Br
TBA_Br HO\/\N H. ethanolamine 1 6 O=C=0 co2 =028%

* Data entry easier as
tabular content

“* Mixture hierarchy is

Implicit

— gas

|
E—Lj

solventl

-

solvent2

L

solvent3
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Mixtures

* Convert each row into a self-contained Mixfile...

O=C=0
| & 0=C=0
6 Cco2
0.34% és%
_ 40 O
Cl O=C=0 S02 045%0
\ 6 CO2 62.4% p—
_ \ "‘/\/OH ‘ 0.93% 84.49%
/N\ Z B - O
| Br Cl 0O O
choline chlorid / \ T T
1/9 \ + OH NH F.C—S—N—5—CF,;
H O O
O / s \
L] _ HO\)\/OH ‘ chol hlorid il captolactam —
S 4/5 1/2 —
lycerol +
gy2/9 MTPP_Br O OH \ N
triethylene glycol
N 1/5 - \—/ .
HO\/\NH imidazole ki
— — 2 1/2
\N ethanolamine
6/7
DBN
6/9

... have solubility of CO2 and SOz in various solvent combinations

* Could be looked up in a database of mixtures from many different sources



Gas Absorption

1.4

Free Wilson-esque

1.2

* Tabulate components as column

del (F

IC regression mo

¢* Build a bas

o

Pa10Ipald

OH
HO\)\/OH

.
Nt~
2K

g9
FiC—S—N=5—CF,

0 0
/y\/\ —/

Nl
I

N
N N
R

~N

~N W
\—/

P97
C—S—N—5—CF,

Fy

J

1l
O

Il
6
HO
N\~
N

e
/

OJOLO H

[

B
S~

N+

R

cr
N*/\/OH

\
ZN

—=N

K+ S=

N

S—==]

NH,

{5

M ed 1A e N AL NN MM ed ALY NN N MM AL e ed I TN AL N

)
—

1.2

0.8
Measured

0.6

0.4

:,

Q0

0.4
0.2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.1429

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.5

[«llellellellellelleloelelelelellelelelelelielielelll R
OOOOOBOOOOOOOOOOOOOOOO
<
i
o
- M m < © o oo ™
= mm - 0
O O O O o

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.25
0.25

0.25
0.25

10
11
12
13
14
15
16
17
18
19
20
21
22

0.5
0.1667

23
24

25

0.6667

0

0

0.624
0.844
0.844
0.0188
0.0164
0.0165
0.0248

1

0.5

0.5

26
27
28
29
30
31

0
0
0
0
0
0
0
0
0
0
0
0
0

0.8

0.2
0.25
0.25

0.3333

0.75

0.75

0.6667

0

0

32
33

0.201

0.6

0.6667
0.7143

0.4

0.3333
0.2857

0.309
0.203

0.111

0
0

0
0

34
35
36

0.25

0.25

0.5

0.103
0.097

0.3

0.2

0.5

37
38
39
40

0.35
0.25

0.15
0.175

0.5

0.229

0.075

0

0.5

0.202
0.189

0.05
0.025

0.3

0.15
0.125

0.5

0.35

0

0.5

41
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£ B W W W W WwWwWwWwWwWNNNNNNNNNNDNRR R B e e e
= O WO NOULLEE WNRKF OOV NOGOULEE WNRFRFOOLVLOONODUVLE WN = O

NH, S—=N

O 0O 000000000 o0 o

0.1875
0.1875
0.25
0.25

o
o »

OO0 0O 0000000000000 000 OO oo

K+

Cross-populate

* Empty cells set to max(7animoto

S—=N

O 0O 000000000 o0 o

o
N
(&)

0.25
0.1875
0.1875

o
o w

O 0O 0O 0000000000000 O0O0 00O oo

cr

\N'/\/O H
N\

0.1111
0.3333
0.3333
0.1429
0.2017
0.2017
0.05405
0.06061
0.8

0.8

0.8

0.5
0.1613
0
0.0375
0.0375
0

0

0.1
0.02439
0.1667
0.3333
0.09091
0.0303
0.025

0
0.04651
0.04348
0.2
0.25
0.25
0.3333
0.4
0.3333
0.2857
0.5

0.5

0.5

0.5

0.5

0.5

0.0202
0.06061
0.06061
0.04286
0.04286
0.1429
0.1818
0.09375
0.1455
0.1455
0.1455
0.09091
0.09091
0
0.0375
0.0375
0
0
0.02174
0.08108
0.4583
0.06061
0.5
0.1667
0.025

0

0.1538

0.1429
0.04211
0.08333
0.07143
0.06061
0.07273
0.06061
0.05195
0.09091
0.09091
0.09091
0.09091
0.09091
0.09091

s
/»N + o~ SoH o )
(\_\ *}\“OXOH x,\(H' \NC/N/\/\

0.01852

0.08
0.05556
0.06122
0.06122
0.06548

0.1429
0.07317
0.1333
0.1333
0.1333
0.08333

0.25

0.01974
0.1154
0.1154

0.01974

0.072
0.03226
0.07778
1

0.05556
0.2292

0.07639

0.07692

0.01316
0.1489

0.14
0.05926
0.08654
0.07759

0.1429
0.072

0.08
0.08571
0.08333
0.08333
0.08333
0.08333
0.08333
0.08333

(o] (0]

A

0.02299
0.07692
0.1111
0.127
0.127
0.127
0.06522
0.04651
0.129
0.129
0.129
0.08065
1
0.01923
0.1111
0.1111
0.01923
0.06923
0.06667
0.04082
0.25
0.06897
0.04545
0.01515
0.07407
0.01282
0.07843
0.07407
0.05714
0.15
0.1034
0.1111
0.06923
0.07692
0.08242
0.08065
0.08065
0.08065
0.08065
0.08065
0.08065

0.01389
0.01905
0.01961
0.02317
0.02317
0.02317
0.6471
0.4054
0.03902
0.03902
0.03902
0.02439
0.08163
0.0163
0.04167
0.04167
0.0163
0.01714
0.0125
0.5
0.1556
0.01754
0.08108
0.02703
0.02778
0.01316
0.8788
0.3265
0.02222
0.04286
0.03947
0.03333
0.01951
0.01905
0.02041
0.02439
0.02439
0.02439
0.02439
0.02439
0.02439

O
0.01333
0.01802
0.01852
0.02198
0.02198
0.02198

0.5676
0.3846
0.03721
0.03721
0.03721
0.02326
0.07843
0.01563
0.03947
0.03947
0.01563
0.01622
0.0119
0.4394
0.1489
0.01667
0.07692
0.02564
0.02632
0.0125
1
0.3673
0.02105
0.04054
0.0375
0.03175
0.0186
0.01802
0.01931
0.02326
0.02326
0.02326
0.02326
0.02326
0.02326

P e N

AN AN
NN !
\_//\/\

0.01515
0.01802
0.02222
0.02597
0.02597
0.02597
1
0.6552
0.04324
0.04324
0.04324
0.02703
0.06522
0
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10-most Significant Descriptors
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Labelling Caveat

* Mixture data not quite free of implicit assumptions...

O=C=0
5%, "\ “* Need additional metadata, e.qg.
CIr » .
\ 4 oh saturated ontologies
/N\/\/ > IUPAC terminology
- % Work in progress
OH
single
phase,
<:|\|k |iC]Uid
N
6/9




Summary

* Open protocols, tools & example data available for representing mixtures
* New workflows become practical with cheminformaticisation of mixtures
“* Much work to be done to catch up with structure databases

* Community building is key

o . lab chemistry, drug formulations, consumer products,
agriculture, analytical standards, safety...
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Questions?

* Contact:

Journal of Cheminformatics (2019)
10.1186/s13321-019-0357-4

Open Source
github.com/cdd/mixtures

CDD Vault
collaborativedrug.com

Alex M. Clark alex@collaborativedrug.com (Collaborative Drug Discovery)

* Also: Leah McEwen (Cornell, InChl, IUPAC)
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