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Overlap of the two ligands, CV (red) and (-)-HQ (green) in 
their bioactive conformation (CVB and HQB, 
respectively). The CVB structure was obtained by 
geometry optimization of the QacR-CV complex at 
molecular mechanics level (force field MMFF94, chains A 
and B of QacR were used). The HQB structure was 
modeled from CV at the active site, following then the 
same procedure as for CVB. Both ligands were extracted 
from the complexes and refined at PM3 semi-empirical 
level with essential torsion angles constrained. 
Hydrogen atoms are removed because of clarity.

Molecular structure of (-)-3,4-di-(3,4-
methylenedioxybenzyl)-γ-butyrolactone or 
(-)-hinoquinin (HQ) with atomic numbering.

Molecular structure of crystal violet cation (CV, left) compared with general structure 
of γ-butyrolactone lignans (right). CV is represented only by one resonance structure. 
The structural similarity between CV and the lignans is obvious: there are three rings 
connected through a small fragment which is rigid in CV, and two analogous 
fragments which are flexible in lignans. Furthermore, polar groups in CV are 
positioned at the ends of the rings, and similar arrangement can be found in (-)-HQ. 
Lignans may adopt conformation type which is similar to that of CV.

Structural chemometrics in finding the bioactive conformation type of (-)-HQ and 
analogous lignans. The 3D scores plot from Principal Component Analysis (left) 
and the dendogram of samples from the Hierarchical Cluster Analysis with 
complete linkage (right) applied to the data set from the previous table. Three PCs 
account for 90.73% of the total variance, meaning that the data set has 3D 
character. The set of the conformers consists of two clusters: a four-membered
with less compact conformers (II, V, VIII, IX), and the greater cluster where the 
conformers are more condensed and the triangular arrangement of the three rings 
(benzene rings and the γ-butyrolactone ring) is more regular. It is visible that the 
T-shaped conformation type of (-)-HQ is the closest one to HQB and CVB. The two 
conformers III and VII are symmetry-related through the approximate mirror plane 
that passes through O1 and between C3 and C4 (ignoring the carbonyl group). 
However, modeling of HQ at the active site of QacR showed that the new bioactive 
conformer of (-)-HQ should be closer to VII than to III.

CV (green) at the active site of QacR. The ligand 
interacts with predominantly polar residues (basic: 
blue, acidic: pink) rather than with hydrophobic (gray; 
other residues: brown-green) from three α-helices. 
(PDB: 1JTX. M. A. Schumacher et al., Science, 294, 
2001, 2158). Similar arrangement can be noticed for 
malachite green as ligand of QacR (PDB: 1JUP. The 
same publication as for 1JTX).

Four conformer types illustrated by space filling 
model of selected conformers: stacked (I), T-shaped 
(VII), intermediate (VIII) and extended (IX). This 
classification is based on the mutual position of the 
methylenedioxybenzyl rings, obtained from semi-
empirical (PM3) conformational search around bonds 
C4-C6 and C3-C8.

THE OBJECTIVES OF THIS WORK

1) To see which of the four conformer types of (-)-hinoquine with very close energy, previously obtained by quantum-chemical methods, are preferrential for intermolecular interactions 
the use of the Cambridge Structural Database (CSD) for this class of compounds;

2) To explain the chemical background of the four conformer types;

3) To determine which of the four conformer types is the closest to the bioactive conformation of (-)-hinoquine, what is important for design of drugs active against Chaga’s disease 
use of protein-drug complexes from the Protein Data Bank (PDB), where drug is crystal violet or related compound use of structural chemometrics for the final determination of the 
bioactive conformation docking of (-)-hinoquine instead of crystal violate to protein QacR.

CONFORMER TYPES OF (-)-HINOQUINE AS OBTAINED FROM QUANTUM-CHEMICAL CONFORMATIONAL SEARCH AND THE CSD SEARCH

Nine conformers (I-IX) close in energy have been obtained from the 
PM3 systematic conformational search. The two torsion angles 
were defined as Θ1(C6' - C6 - C4 - H4) and Θ2(C6'' - C8 - C3 - H3), 
where H3 and H4 were hydrogen atoms at C3 and C4, respectively. 
One stacked (I), four T-shaped (II-IV, VII), two extended (V, IX) and 
two intermediate  (VI, VIII) conformers were obtained. It is not
obvious that T-shaped type is the most probable conformation for 
intermolecular interactions with participation of (-)-HQ. Systematic 
search in the CSD (the next table) also does not prove that 
T-shaped is the most probable conformation type but only 
predominant (8 from 19 hits).

CRYSTAL VIOLET AND ITS STRUCTURAL SIMILARITY WITH (-)-HINOQUINE

Numbering of rings from CV complexed with QacR and of HQ conformers. The two CV 
rings are numbered arbitrarily as 1 or 2, due to similar character of the QacR residues 
that interact with these rings. High degree of rigidity of CV can lead to similar, bioactive 
conformation of lignans, since CV is commonly used as a standard drug in bioassays 
for drugs against Chaga’s disease.

FINDING THE PROBABLE BIOACTIVE CONFORMATION OF (-)-HQ

Eleven structural parameters for PM3 geometry-optimized conformers 
of (-)-HQ (I-IX, HQB) and CV (CVB): the distances between the ring
centroids D1(1,2), D2(1,3), D3(2,3) and their sum SD; the angles between 
the ring planes A1(1,2), A2(1,3), A3(2,3); the angles of the triangle 
formed by the ring centroids G1(2-1-3), G2(1-2-3) and G3(1-3-2), and 3D 
Wiener index 3W. The nature of these parameters (descriptors) is
structural and topological. It is obvious that the distances D1 - D3 vary 
in a narrow range (4.9 - 5.3 Å), the angles G1 - G3 retain the regular 
triangle arrangement of the ring cetroids (57 - 62º), while considerable 
variation is noticed for the interplanar angles A1 - A3 (48 - 86º). The 
conformers among I-IX that are the most similar to HBQ and CVB should 
exhibit similarity in a structural chemometric analysis applied to this 
data set (see the next figure).
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aCrystal structures’ CSD REFCODE. The last four crystal structures are of
tetrahydrofuran derivatives, while the majority of structures is for 
γ-butyrolactones. bCrystal symmetry (space group). Space groups with 
mirror or/and inversion symmetry operations allow packing of mirror-
related isomers if the molecules are not positioned on symmetry elements.
cThe γ-butyrolactone or tetrahydrofuran ring conformation at C3 and C4: 
phenyl-containing substituents are either in cis or trans position. dThe
absolute configuration at C3 and C4. eThe conformer type according to the 
convention adopted in the previous table. fIsomers with additional chiral
centers. gMolecule situated on two-fold rotation axis.
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