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while a small contribution of C- - -C contacts (8.0 %).

Introduction

Methylene blue (MB, methylthioninium chloride), a pheno-
thiazine known for its ability to cross the blood-brain barrier and
exert neuroprotective effects, is considered a potential therapy, es-
pecially for neurodegenerative diseases [1,2]. Among its beneficial
properties, MB is a redox cycle stabilizer and an electron donor [1].
With the discovery of its antioxidant properties, it was proposed
as a therapeutic agent in neurodegenerative and psychotic disor-
ders with its features of mitochondrial dysfunction and redox cy-
cle regulation. Methylene blue has been proven to inhibit the ac-
cumulation of tau proteins, which is considered among the causes
of Alzheimer’s disease (AD), treat mitochondrial dysfunction with
its regulating effect on the redox cycle, and to inhibit formation of
ROS molecules. In given paper, the close contacts involving also -1t
intermolecular interactions between MB* cations are analyzed by
using the Hirshfeld surfaces analysis.

Materials and Methods

The complex (1) was obtained in the result mechanochemical
reaction of the copper (II) chloride with [MB]CI-5H,0 using of DMF

Crystals of (I) is monoclinic, space group is P21/n, a=15.1327(5), b=14.9456(3), c=16.5175(5) &, p = 115.236(4)°, Z=4. Com-
plex (I) is built from trimeric molecule [Cu (Mb)CI2] linked through m—m interactions. The intermolecular short contacts in the tri-
meric complex [Cu (Mb)CI2] (I) (where Mb is methylene blue, methylthioninium cation) were studied by the Hirshfeld surface and
fingerprint plot analysis. The 2D fingerprint plots confirmed the predominance of H---H (39.5 %) intermolecular interactions and
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as assistant-solvent. During reaction copper (2+) is reduced to cop-
per (1+). Hirshfeld surfaces calculations were performed by using
the Crystal Explorer 21 program [3,4].

Results and Discussions

Crystals of (1) ismonoclinic, space groupis P2, /n,a=15.1327(5),
b=14.9456(3), c=16.5175(5) A, p= 115.236(4)°, Z=4. Molecular
and crystal structures are presented in (Figures 1 & 2). The crys-
tal structure of compound (I) is composed of the trimer consist-
ing of the three CuCl,(MB) complexes connected mutually via -t
interactions with the mean interplanar distance 3.376 A and close
centroid-centroid distances between aromatic central rings lie in
the range from 3.383 to 3.500 A. Any type of intra- or intermolec-
ular interactions can be demonstrated in detail by using Hirshfeld
surface analysis of the crystal structure. In given paper, the crys-
tal structure of complex (I) was studied by using of the Hirshfeld
surface analysis to be visualizing the short contacts between neigh-
boring (MB)* cations [3]. On the d__ surface, the red spots repre-
sent the C-H---Cl and C-H---C weak interactions acting between the
middle molecule and two neighboring molecules. The blue colored
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area of that surface is the area which is completely free from close
contacts (Figure 3). In the shape-index of the complex (I) Figure 4
convex blue regions represent hydrogen donor groups and concave
red regions represent hydrogen acceptor groups in the weak inter-
actions. As seen on this Figure, neighboring red and blue triangles
confirm the existence of intermolecular interactions resulting from
m-Tt stacking between the aromatic rings in the crystal structures of

the complexes. On the 2D fingerprint plots, the blue areas show the
groups of atoms involved in the close intermolecular contacts. To
the right of each figure is a 2D fingerprint graph for each short con-
tact. The 2D fingerprint plots confirmed the predominance of H---H
(39.5 %) Figure 5a intermolecular interactions and while a small
contribution of C---C contacts (8.0 %) Figure 5b between neighbor-
ing [MB]* cations.

Figure 1: Molecular structure of the complex (I).

Figure 2: The crystal structure of the complex (I). Dotted lines show close contacts.
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Figure 3: View of the three-dimentional Hirshfeld surface for the [MB]+ anion in the middle of trimer of the title compound
plotted over d™™.
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Figure 5: 2D fingerprint plot for H---H (a), C:--C (b), Cl...H/H...Cl (a) (29.3 %) and N...H (b) (1.5 %) contacts.
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Conclusion

Close contacts in the crystal structure of trimeric complex
[CuCl,(Mb)], were studied by using the Hirshfeld surfaces and
fingerprint plots analysis. m-m stacking interaction is shown on the

shape-index of the complex.

References
1. Rojas ], Bruchey AK, Gonzalez-Lima F (2012) Prog Neurobiol 96: 32-45.

@ @ This work is licensed under Creative
Commons Attribution 4.0 License

To Submit Your Article Click Here: W

DOI: 10.32474/A0ICS.2023.05.000223

2.
3.

Walter Sack I (2009) Eur ] Clin Pharmacol 65: 179-189.

Spackman MA Jayatilaka D (2009) Hirshfeld surface analysis, Cryst Eng

Comm 1: 19.

Turner MJ, McKinnon JJ, Jayatilaka D, Spackman MA (2011) Visualisation
and characterisation of voids in crystalline materials, Cryst Eng Comm

13:1804.

Chemical Selences

Archives of Organic and Inorganic

Chemical Sciences
Assets of Publishing with us
Global archiving of articles
Immediate, unrestricted online access
Rigorous Peer Review Process
Authors Retain Copyrights

Unique DOI for all articles

Citation: Vahobjon Kh Sabirov*. The Hirshfeld Surface and Fingerprint Plot Analysis of Weak Interactions in The Crystal Structure of N
Trimeric Complex of Coper(I) Dichloride with Methylene Blue. Arc Org Inorg Chem Sci 5(5)- 2023. AOICS.MS.ID.000223.

DOI: 10.32474/A01CS.2023.05.000223


http://dx.doi.org/10.32474/AOICS.2023.05.000223
https://pubs.rsc.org/en/content/articlelanding/2009/ce/b818330a
https://pubs.rsc.org/en/content/articlelanding/2009/ce/b818330a
https://pubs.rsc.org/en/content/articlelanding/2011/ce/c0ce00683a
https://pubs.rsc.org/en/content/articlelanding/2011/ce/c0ce00683a
https://pubs.rsc.org/en/content/articlelanding/2011/ce/c0ce00683a
http://www.lupinepublishers.com/ophthalmology-journal/
http://dx.doi.org/10.32474/AOICS.2023.05.000223

	Introduction
	_Hlk142473554

