STRUCTURAL AND SPECTRAL PROPERTIES OF THE (2)-3-

(ADAMANTAN-1-YL)-1-(3-CHLOROPHENYL)-S-BENZYLISOTHIOUREA
Darya Meniailaval, Ulada Vysotskaya®, Aliaksandr Ruskikh!, Anna Matsukovich?,
Maksim Shundalau®

LFaculty of Physics, Belarusian State University, Belarus
2B.1. Stepanov Institute of Physics, National Academy of Science of Belarus, Belarus
vladavysotskaya@mail.ru

Complex organic molecules including an adamantyl fragment in their structure are used as the basis for antiviral
and antibacterial agents. They also possess antimicrobial, anti-inflammatory and anti-proliferative activities [1]. Such
molecules usually have a complex spatial structure, may have a number of equilibrium configurations, which
complicates the prediction and interpretation of the spectral characteristics of such molecular systems.

In this study the structural, spectral, and energy characteristics of (Z)-3-(adamantan-1-yl)-1-(3-chlorophenyl)-S-
benzylisothiourea are presented. The calculations of structural characteristics were performed within the framework of
the Density Functional Theory (DFT) by using B3LYP functional and cc-pVTZ basis set. These calculations showed the
existence of four stable conformers arising from the rotations around S—C and N—C single bonds with 0 (Fig. 1a), 103,
289, and 1341 cm™' relative energies. The results of the current calculations are confirmed by X-ray analysis performed
for the crystalline phase earlier [2].

. 2
=
- w2
@ =
[ [}
S
= (™ — 04
<
" (&)
e o ® =
“ (7" & We @ e o 02
. | L9 Py €@ ¢ “ o
. o
-,~ T 0.0 ———
. G - 200 250 300 350 400
.
Wavelength, nm
a b
1.0 | 1.0
o 08 0.8
Q
g 0.6 4? 0.6
5 &
o 04 8 04
% 0.2 = 02
~ 0.0 | 0.0
400 600 800 1000 1200 1400 1600 1000 1200 1400 1600
Wavenumbers, cm™! Raman shift, cm™
c d

Fig. 1. The structure of the most stable conformer of the title compound (a), the experimental UV/Vis
with the Gaussian deconvolution (b), FT-IR (c), and Raman (d) spectra of the title compound.

The FT-IR (reflection mode, Fig. 1¢) and Raman scattering (Fig. 1d) spectra of the compound for the crystalline
phase were measured in the ranges of 4000400 and 3200-150 cm™, respectively. The vibrational IR and Raman
spectra were also predicted for all conformers at the B3LYP/cc-pVTZ level of theory in the harmonic approximation.
According to the results obtained, the assignment of the frequencies of the calculated spectra differs for each of the
conformers and the difference is most noticeable in the low-frequency region. The experimental spectra were
completely interpreted by using the results of our calculations.

The UV/Vis spectrum of the solution of the compound in ethanol (Fig. 1) was measured in the range of 400-200
nm. The spectrum of electronic absorption turns out to be complicated with three maxima observed. For interpreting the
experimental spectrum the calculations for all conformers at the Time-Dependent DFT (TDDFT) and Multi-Reference
Perturbation Theory (MRPT) levels of theory were performed. The results of the MRPT calculations with taking into
account Boltzman distribution for the conformers qualitatively and quantitatively fully reproduce the experimental
spectrum. The results of the calculations performed within the framework of TDDFT completely diverge with the
experimental data, which shows the inapplicability of this approximation for the molecular system under study. It is
highly probable that this is a consequence of the intramolecular charge transfer.
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