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Challenge of treating the flexibility of
large pharmaceutical-like molecules

ritonavir is API with typical
flexibility

need of fast electronic structure
method that can treat flexibility

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

huge speed-up compared to DFT (∼4 orders of magnitudes)

full treatment of all degrees of freedom

good experience for proteins & energies of small molecular crystals

[1] A. S. Christensen, T. Kubař, Q. Cui, M. Elstner, Chem. Rev. 116, 5301 (2016).
[2] JGB, S. Grimme, J. Phys. Chem. Lett. 5, 1785 (2014).

Challenge of pharmaceutical-like molecules · · · · · · · · · · ·Merits of DFTB3-D3 in CSP work-flow · · · · · · · · · · Summary and Outlook

Dr. Brandenburg – Faraday Discussion, Cambridge, UK 12th of July 2018 2/6



Focus on flexible molecules with
previous CSP studies

Possible advantages of DFTB3-D3 as an (intermediate) CSP step

(1) improving geometries

(2) improving energy ranking

(3) reducing # minima

(4) free energy contributions
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Though poor energetic ranking
geometries improved

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

experimental polymorph is rather high in energy by DFTB3-D3

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

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

experimental polymorph is rather high in energy by DFTB3-D3

successful reranking using rigid DFTB3-D3 structure

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

significant impact of ZPE and
thermal contribution on relative
stability

modified ranking of several
putative polymorphs

treating molecules as rigid
underestimates the free energy

rigid-body estimate: 9% of
polymorph change stability upon
including thermal contributions
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DFTB3-D3 intermediate optimization
would be scaleable for larger molecules

Possible merits of DFTB3-D3

(1) improving geometries yes

(2) improving energy ranking no

(3) reducing # minima partially

(4) free energy contributions yes
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