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Introduction

Most of the active pharmaceutical ingredients (APIl) show low aqueous solubility, therefore
facing the risk of reduced oral bioavailability and therapeutic efficacy. Co-amorphization is a
strategy to enhance their solubility and dissolution rate. However, amorphous phases are °
metastable, making amorphous drugs prone to crystallization. To overcome stability problems

of these metastable phases, recent research approaches have been involving co-amorphous

systems of a drug and a small molecule co-former.* <

Computational methods

MM+ force field conformational search used relevant torsions and full geometrical
optimization with the Hyperchem software. The most frequently obtained molecular
geometries were then subject to further complete optimization by DFT using
Gaussian 16 software (B3LYP/def2-SVP with GD3BJ dispersion correction).

Selected monomeric and dimeric structures, extracted from the published
crystallographic data for LUR,? SAC,> and CYS,* were optimized by the same
method.

This work aims to apply several computational methods to the study of two co-amorphous Ry
)
// Heterodimeric geometries were built considering the experimental evidence provided in
|
)

systems of lurasidone (LUR) with saccharin (SAC) or cysteine (CYS), in order to investigate
the local structures and intermolecular interactions responsible for the intimate drug-co-

. . . previously published literature for each co-amorphous system. The electronic structure and intermolecular
former association that prevents relaxation to the crystalline state.

interactions in the aggregates were analized by two diferent methods: Natural Bond Orbital (NBO), using
NBO 6.0, and Non Covalent Interaction (NCI),° with NCIPlot4.

Lurasidone conformational search

DFT geometry optimization: lurasidone
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2 The DFT optimization of the best MM+ and the crystal

structures resulted in the 17 geometries in the left.

The preliminary MM+
conformational search produced a
I total of 440 different
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Torsion values varying upon geometry relaxation of the
X-ray crystal monomer shows that 1; and 1, remain
constant, with significant change in 1,.

120 180 -180 -120 -60 0 60 120 180

Torsion angle /°

-180 -120 -60 0 60
Torsion angle /°

ol 14 " search shows hints about their | This means that the  1g-
2 . D9 D10 D11 D12 - : 1.... B
= 5 most probable values in the benzisothiazole arm - N /./- e o 2
2 1o oo conformational space, which are remains extende_d,. 160 e oo ey iun e s
z ﬂﬂh M Z related to the general width of the while the carboximi-  150- A
. : i 140 -
S N 1111 S 112115 . pits in the potential energy " y N - de arm is folded . Y e e \
-180 -120 -60 | 0 60 120 180 -180 -120 -60 | 0 60 120 180 Surface When the Structu re 2 | e i .\ 3
Torsion angle /° Torsion angle /° ] I Y 1204 B B
115 The resulting structures were relaxes. - \
4 80- i _ ‘6_ / used as starting geometries for 100 \
s _ C\Y hons DFT optimization. 00 T B
) [} D17 |
‘g 40+ i uw~ 80 -
Ll ol T "
J-I-I_l- - -TB ) L : ! ! I ! ! I ! ' I ! ! I ! ' ] ! ' 1
0 4=t = L] =S % _ - 0 5 10 15 20 25 30

-180 -120 -60 0 60
Torsion angle /°

120 180 N
Optimization step number

Natural Bond Orbital (NBO) analysis

Within the NBO context, H bonding can be understood as an electron charge transfer from a donor lone pair
orbital to an acceptor anti-bonding orbital. Stronger H-bonds have smaller populations in donor and larger in
the acceptor orbitals, larger stabilizing 2" order perturbation energies and, consequently, larger H---Y and
smaller X-H bond orders. If the H atom involved in H-bonding is more positively charged, its more acidic
character can be also related to a stronger interaction.

Analysis of the crystal structure of LUR allowed to establish the dimer as its
fundamental supramolecular entity, and it is reasonable to believe that it would
be also for the amorphous phase, where short-range order is preserved,
nevertheless.

The structure of the homodimer evidences the most important intermolecular

interactions as weak H bonds between one of the carboxamide C=0 with the In the LUR homodimer, NBO

HN™ in the piperazine ring. results reveallthe.weak S.trength Dimers ° LUR!-LUR? LUR!-SAC? LUR!-CYS?
of the H bonding interactions.
_ Fragment charges® 1.007 - 0.993 0.951-0.049 1.094 - 0.906
There are evidently stronger H
| B3LYP/def2-SVP rsac  LoRcYs bonds in the heterodimers. It can H bond atom charge 0.263 0.261 0.492 0.476
dihedral / ° crystal homodimer o be seen as well that the NBO 2" order perturbation n(0,)! n(01)2 n(01)2 n(Na)*
ion 1 ion 2 X---HN /A 1.76 1.72 its (bond ord 4 E? analysis J NY NY N
Tl  NsCy-N3-Cyg 127 136 118 X-H-N /° 164 170 .reS-U tS( on O_r _erS an E ) 0*(H18aC18)? | 0*(H21aC21)? 0*(H2aN,)? 0*(H1aN1)?
2 Cy-No-Cs-Co 160 165 156 AE /K mol -19.7 . Indicate that this interaction is E? / kcal mole -2.81 -2.97 -21.27 ~37.90
B3 NoGeCrGy 137 168 167 stronger in the LUR-CYS | 1.967 1.961 1.935 1.867
@ GCGCNy 172 175 173 heterodimer. This stronger H bonding NBOs J J J J
~Co-Na- ' occupancy
> CrlrNeG 24 9 102 interaction between the unit 0.016 0.017 0.065 0.092
fragments in the LUR-CYS dimer Bond orders (NBI)* 0.94-0.14 | 0.94-0.10 | 0.80-0.26 0.79-0.36
can be also testified by the larger XAy

9 Superscript number in the table identifies the fragment unit in the dimer.
b Total charge of each fragment unit.
¢ Charge of H atom involved in H bonding.

9 Donor NBO - acceptor NBO involved in H bonding. n is a lone pair NBO.
o* is an anti-bonding NBO.

total charge transfer to the CYS
cation than is transferred from the

Heterodimers representing the LUR-SAC and LUR-CYS co-amorphous systems were built from the _
SAC molecule to the LUR cation.

crystalline structures of each species, manually docked together using the available experimental
evidence for their manner of association: LUR-SAC is formed by H bonding, evidenced by FTIR band
shifts.” The association in LUR-CYS by H bonding was verified by FTIR, Raman, and ss 1*C NMR.®
Heterodimer results show that the lurasidone geometry remains approximately the same as in the
crystal, despite establishing strong H bonds with the small co-former molecules. The negative and large
values of binding energies confirm their chemical affinity with lurasidone and justify them as a good
choice for components of co-amorphous systems.
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¢ E2)js the 2" perturbation energy stabilizing the interaction.
superscript number identifies the unit fragment in the dimer.

f Occupancy of NBOs in the previous row.
9 Natural Binding Indices of Natural Cluster Unit analysis.

Non-Covalent Interactions (NCI) analysis

Non-Covalent Interactions (NCI) theory provides an index based on the analysis of the electron density p and
Its reduced gradient s, or RDG. The electron density can be derived from the SCF wavefunction or from NCI
promolecule calculations based on the spacial coordinates, chosen in this work. The 2D plots represent the
dependence of RDG from the product of the sign of the 2"? eigenvalue of the electron-density Hessian A, by
the electron density, showing weak interaction types and the strength of each interaction.

Weak van der Waals interactions

Repulsive interactions Hydrogen bonding

NCI plots above show the results for the LUR homodimer and the 2 heterodimers. They were restricted to the
Intermolecular interactions, showing that aggregation in pure LUR is dominated by extensive van der Waals
Interactions and very weak H bonds (high s in 2D plot). Strong H bonding is visible as blue blobs between the
atoms involved in both heterodimers. The analysis of the NCI 2D plots show that the H bond in LURCYS is
stronger than in LURSAC, in aggreement with the NBO results.
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