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Challenge of treating the flexibility of
large pharmaceutical-like molecules

A"""a"" m ritonavir is API with typical
_,‘nmj'uiwys flexibility
HO, o o Me N:(,Pr .
N o s a need of fast electronic structure
< method that can treat flexibility

Density Functional Tight Binding (DFTB3-D3):
3rd order, self consistent charges, 30B atom-pair parameter, D3 dispersion

a huge speed-up compared to DFT (~ 4 orders of magnitudes)
a full treatment of all degrees of freedom

a good experience for proteins & energies of small molecular crystals

[ A s. Christensen, T. Kubaf, Q. Cui, M. Elstner, Chem. Rev. 116, 5301 (2016).
121 ygB, S. Grimme, J. Phys. Chem. Lett. 5, 1785 (2014)
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Focus on flexible molecules with
previous CSP studies
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Possible advantages of DFTB3-D3 as an (intermediate) CSP step

(1) improving geometries (8) reducing # minima
(2) improving energy ranking (4) free energy contributions
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Though poor energetic ranking
geometries improved
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a 2.2 Mio structures generated for XXVI, 9 000 processed to reranking
a experimental polymorph is rather high in energy by DFTB3-D3

m successful reranking using rigid DFTB3-D3 structure
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Though poor energetic ranking
geometries improved
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a 2.2 Mio structures generated for XXVI, 9 000 processed to reranking
a experimental polymorph is rather high in energy by DFTB3-D3

m successful reranking using rigid DFTB3-D3 structure
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Though poor energetic ranking

geometries improved

DFTBM

search

AE [kl/mol]

[

(-]
|
T

rigid-body refine
1

| Il
T T
1k #structures

195

g

Ejate [K)/mol]

-210]

density [g/cm?]

a 2.2 Mio structures generated for XXVI, 9 000 processed to reranking

a experimental polymorph is rather high in energy by DFTB3-D3

m successful reranking using rigid DFTB3-D3 structure

a final energy landscape: no important structure is lost
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Impact of harmonic free energy
contributions to relative stability

8w esk xx wan mea @ significant impact of ZPE and

— thermal contribution on relative
stability

. L - = a modified ranking of several
- putative polymorphs

AF iy / kJ-mol ™
|

= m treating molecules as rigid
= - underestimates the free energy

6| a rigid-body estimate: 9% of
polymorph change stability upon
including thermal contributions

rigid body
oFTB3-03 |
rigid body
DFTB3-D3
rigid body
DFTB3-D3
rigid body
DFTB3-D3
rigid body
DFTB3-D3

Bl AJ. Cruz-Cabeza, J. Bernstein, Chem. Rev. 114 2170 (2014).
[y, Nyman, G. M. Day, CrystEngComm 17, 5154 (2015).

Challenge of pharmaceutical-like molecules Merits of DFTB3-D3 in CSP work-flow Summary and Outlook
Dr. Brandenburg — Faraday Discussion, Cambridge, UK 12t of July 2018 5/6



DFTB3-D3 intermediate optimization
would be scaleable for larger molecules

A(T)
Crystal structure [ —
search J—
B3-D3 Best possible
structure lattice energy
axation
Possible merits of DFTB3-D3
(1) improving geometries yes (3) reducing # minima partially
(2) improving energy ranking no (4) free energy contributions yes
Bl luzzolino, P. McCabe, S. L. Price, JGB, Faraday Discuss., DOI: 10.1039/C8FD00010G (2018).
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