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Reducing costs & time through computer-aided design
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- Accelerate research, reduce costs & environmental impact

NEW O

. Synergy experiment-calculations
77?7

v

Formulation => best mixture for solubility?

Production => optimize catalyst (ligands, solvent -> lowest E.)
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- Reactivity & Catalysis

Potential Energy

Reaction Coordinate
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- Find best excipient for water-insoluble drugs
. Screen co-polymers with COSMO-RS => maximize solubility
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. Improve solubility, stability, mechanical properties of API
. Screen candidates for co-crystallization

NN
0 N~
-5 -4 -3 -2 1 0 “SID
1 C'Q GJ—"D@“m”Q“&”
5-: B Cl \__/ >[,N
2 J T
< -2
= ltraconazole
0 -3
D
2
o . -4
° = it 0
"6 OH
.-E _5 HO)S'/ HON
o ° O
(2 B

H
[
@)

(8,
Y
OH OH
@)
0 0 HOW/@\\(OH
|

HO)j\/\)J\OH 0 7 0
Experimental excess enthalpy
example co-crystal

= Experimental co-crystals Others .
candidates

' SCM Modeling & simulation to accelerate pharma RD&l © SCM 5



Remove impurities or extract (natural) products

Specify solvents

Water
Methanol
Ethanol
1-Hexanol
Diethyl ether
Benzene
Toluene
Acetic acid
2-Hexanone
DMF
THF
Dioxane

Specify problem conditions

Optimization direction: maximize
Maximum number of solvents: 3
Temperature: 298.15K (or range)

Liquid phase |

.. v|i)(|i — v"iX”i

Specify solutes

Acetic acid .
Water

Liquid phase |

Maximize
the partition
coefficient



50

C 0 _
50 -
-100 -
£ 150 -
o -
o 200 -
00" :
-250 -
-300 -
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Good agreement between calculated (ADF, spin-orbit) and experimental °F NMR
shifts for organic compounds, including taxol and fluoro-analine.
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http://dx.doi.org/10.1039/C4RA08290G

Determine absolute configuration (VCD)

More confident AC assignment with Vibrational Circular Dichroism calculations

* Include conformers
* Include solvent effects
* Analyze coupling to establish robustness of peaks
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https://www.scm.com/highlights/determination-of-absolute-stereochemistry-in-large-dynamic-and-complex-molecules-expansion-of-vcd-applications/

Experimental + DFT study => Best catalyst: least stable intermediate
Bonding energy analysis: increased bite angle ->larger steric strain
Rational design: modify ligands and solvents to decrease E,

Potential Energy

Reaction Coordinate Catalyst selection based on intermediate

stability measured by mass spectrometry.
Nature Chem. 2, 417 (2010)
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http://dx.doi.org/10.1038/NCHEM.614

Software for Chemistry & Materials

SCM: Spin-off company from VU (1995)

o Develop & market Amsterdam Density Functional (ADF)
o Continued development: Amsterdam Modeling Suite

.- ADF = first DFT code for chemistry (1970s)

Baerends@VU (>'73), Ziegler@Calgary'*) (>'75)
o 80s: support industry for catalysis Mitsui, Shell, Akzo, Unilever

22 people (15 senior PhD’s) + 3 EU fellows

o New development, support, document, optimize

Many collaborations non-profit & commercial

o 160+ authprs | - papers with
o New functionality, real-life pilot cases | “DFT and Chemistry”

2500

1500

1000s of users academia, government & industry

1000 -

500 -

0 ! T Y Y \
1985 1990 1995 2000 2005 2010 2015
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Amsterdam Modeling Suite

ADF: powerful molecular DFT

0 Reactivity, spectroscopy

T ——t D

s X

o» 4 '\ \w\'" :
st f,‘\ - .

- N A . .
T Cassssasanad

o4 R

— TR A IOCN
o2 e WA k30 LN

o
0 expetimental data

e Y @ @ (g

- 1
o
]
=
£
o
<
o
g
>
E-]
O
<

BAND: periodic DFT, QE & VASP interface

o (2D) Materials, spectroscopy, analysis C T Mgt ﬁMeS, GUI PLAMS
Continuum

DFTB & MOPAC: fast electronic structure COSMO-RS

Fluid Thermodynamics &

. Property Estimation
ReaxFF: Reactive MD complex systems
, » ReaxFF
MLPotential . Reactive Force Field
ateriails

o Backends SchNetPack, sGDML, PINN, TorchANI

MLPotential

. . Machine Learning Potential
COSMO-RS: fluid thermodynamics . b i
o VLE LLE, logP, solubility S
DFTB & MOPAC
Nano Fast approximate DFT

AMSdriver: PES exploration, MD, MC Semiempirical
0 Hybrid: multi-layer, QM/MM, QM/QM'

BAND

S Periodic DFT
Integrated GUI, PLAMS: python scripting -
. . ADF

Interface with multi-scale and ML methods Atomistic Molecular DFT

‘ SCM Modeling & simulation to accelerate pharma RD&I © SCM 11



AMS driver: Potential Energy Surtface

. Complex PES scans, automatic TS search

. Conformers

- Frequencies, phonons, stress & elastic tensors
- Molecular Dynamics, Monte Carlo

. . .. STATE
atomistic  STATEC
3 M2
methods
NEW O
= TRANSITION STATE
o ADF
*@ BAND CC
Lo, (T, P)
DFTB C’ tieo (T, P)
‘ MOPAC Reactants
Qf )
‘ ReaxFF -
&
COSMO-RS ®
0' A ; éo
o External 2 ® 0e
%@ Any comp. chem. code Model Catalyst Stable “In Kinetics

Situ” Structure
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Strong & unigue points
§ e e\ o . All-electron Slaters, H-Og
- Pd \-‘..-.ﬁ .................... N — - ,
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5 — L L — . Relativity: ZORA (SR, SOC
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il Spectroscopy

Reaction Coordinate

Bonding analysis: Understanding Catalyst-Substrate di vsic:
Interactions Nature Chem. 2, 417 (2010) - Bonading analysis:

s G
o

NMR calculations locate 3C di-Rh carbene
catalyst intermediate, Science, 342, 351 (2013)

"*& ‘,

Bt .  Environments

s "

C
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http://dx.doi.org/10.1038/NCHEM.614
http://dx.doi.org/10.1126/science.1243200

Fast & Accurate - Machine Learning Potentials

Use machine learning potentials with AMS driver

o PES scans, conformers, MD, reaction energies, ...

o Can also be used with multi-layer methods
o Very fast & accurate when trained properly

Automatically install popular ML Backends

o Comes with ANI-1cex, ANI-2x (H, C, N, O, F, Cl, S) pote

SCM File Edit Select Atoms Bonds View Help

r

[~ Show output

B C O N HCX,O * U0

Kill | Pre-optimize |

ntials

Demo video
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https://www.scm.com/doc/Tutorials/StructureAndReactivity/ANI1ccxThermochemistry.html#ani1ccxthermochemistry
https://www.youtube.com/watch?v=uRvhAdukioA

COSMO-RS: COntinuum Solvation MOdel + RS (Klamt), SAC (Sandler)
DFT-> chemical potential => activity coefficients => properties

....

p-Tolyl acetic acid

Embedded in ideal conductor,
surface charges calculated

partition coefficients

p(o) === C]: Ethanol
- C72: Benzene
19 + == C3: Water S fl 41 »
— v
16 | Igma pro I e - - ) "
S 2
13 - surface charge : @‘f’
10 - histogram 3
7 4 ¢ Hexane/Water
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1 - Ethoxyethane/Water
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o (efA**2) experimental
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Which research challenges are most urgent?

i 1ISTRY &

ftatio

We love to hear from you!
goumans@scm.com
WWW.SCM.COM
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